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The WholEUGrain project

WholEUGrain — A European Action on Whole Grain Partnerships

Four countries are partners in a 3-year project with the aim to transfer Danish experiences with a
national whole grain partnership (WGP) to other European countries. In less than 10 years, the
public/private partnership in Denmark succeeded in nearly doubling whole-grain intake among the
Danish population. The consortium consists of Romania, Slovenia, Bosnia and Herzegovina and
Denmark; however, other countries are able to follow the project and can also benefit from this
action.

The overall objectives are to promote good health through healthy diets, prevent diseases, reduce
inequalities and establish supportive environments for healthy lifestyles by developing country-based
whole grain public/private partnerships.

The task of transferring the experiences of the Danish whole grain partnership consists of three
phases: Feasibility check, Education, and Adaptation leading to the formation of the national WGPs.
Besides leading to the establishment of WGP’s in the countries directly involved, the project provides
important knowledge in the form of a publicly available updated evidence base of the health effects of
whole grain, including sustainability aspects, as well as an EU Guideline for Whole Grain Promotion.

The project activities are carried out within five work packages: Coordination (WP1), Dissemination

(WP2), Evaluation (WP3), Implementation tools for WGP (WP4), and national/sub-national
development of a WGP (WP5):

WP1 Coordination

g y:

WP2 Dissemination WP4 Knowledge base and WP5 Implementation:
Tools National development of

WGP

4 4

WP3 Evaluation
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INTRODUCTION

In 2019, under the auspices of the 3" EU Health Programme, a consortium between Denmark,
Slovenia, Bosnia-Herzegovina, and Romania was granted support for the WholEUGrain project — A
European Action on Whole Grain Partnerships.

The aim of the WholEUGrain project is to share the experience of the Danish Whole Grain Partnership
with other European countries, in order to help build up the necessary competencies and knowledge
on how to establish and run a national public-private partnership, and through its work and actions
promote an increase of whole-grain intake in other European countries’ populations.

Part of the necessary knowledge encompasses a clear understanding of the definition of whole grains
and whole-grain products, knowledge of the evidence base for the health benefits of whole-grain
consumption, and knowledge of relevant aspects regarding the establishment of a quantitative
recommendation at a national level. A report addressing such themes was published in 2008 in the
Danish language, before the official launch of the Danish Whole Grain Partnership.

The present report is inspired by the aforementioned Danish report and gathers the most recent and
updated knowledge on this subjects, as well as new knowledge on sustainability aspects regarding
whole grains, and aims to make such knowledge available for other European countries.

This report contains:

e  An executive summary of findings.

e Achapter on relevant aspects regarding the establishment of definitions of “whole grains” and
“whole-grain food products” that other European countries can use if they decide to establish
nationally accepted definitions.

e  Achapter with an overview of whole-grains’ composition and nutrients.

e Achapter that gathers the latest and best level of evidence available concerning the associations
between whole-grain intake on the development of cardiovascular diseases, type 2 diabetes,
cancer, risk of overall mortality, overweight and effects on adiposity measures.

e  Achapter describing unwanted substances and contaminants in whole grains.

e Achapter describing insights into the sustainability of whole grains in terms of environmental
impact, and the role of whole grains regarding sustainability of the total diet.

e Achapter on relevant aspects regarding the establishment of a quantitative recommendation for
whole-grain intake that other European countries can use for a national accepted
recommendation.



SUMMARY

This report aims to give a clear understanding of relevant aspects regarding the definition of whole grains
and whole-grain products, as well as review the evidence base for the health benefits of whole-grain
consumption, and gather knowledge of relevant aspects regarding the establishment of a quantitative
recommendation at a national level, as well as provide an insight into sustainability aspects of whole grains.

Seeds from grass species — also called grains or caryopses — are composed of three main compartments: the
starchy endosperm, the germ (embryo), and the bran (consisting of the aleurone cell layer and a fibre-rich
seed coat). Whole grains are defined as intact grains or processed grains (e.g. ground, cracked or flaked)
where the three fractions endosperm, germ and bran are present in the same relative proportion as in the
intact grains.

The most widely consumed grains (cereals) belong to the grass family Poaceae, which includes e.g. wheat,
rice, barley, maize (corn), rye, oats and millets. Theoretically, intact seeds from all plants from the grass
family could be defined as whole grains. However, scientific evidence for beneficial health effects is almost
entirely based on the most commonly consumed grains. So-called “pseudo-cereals” (amaranth, buckwheat,
quinoa) can be used in similar ways as cereal grains, since their culinary use is comparable. Their nutrient
content is somewhat similar, so the nutritional impact of replacing cereal grains in the diet with pseudo-
cereals is probably limited. However, seeds from pseudo-cereals do not contain the mixed-linkage beta-
glucans typical of true cereals; the xylan structures are also substantially different between the two groups
and xyloglucan content will generally be higher in pseudo-cereals’ cell walls compared with those of true
cereals.

To avoid misleading consumers, whole-grain food products should contain a specified minimum amount of
whole grains. Preferably, whole grains should be the primary ingredient in a whole-grain food product. Also,
the designation “whole grain” could be reserved to specific food categories, e.g. bread, pasta, and breakfast
cereals, which are natural components of a healthy diet. We suggest that foods consisting of only one
ingredient, e.g. flour or rolled oats, should be 100% whole grain to use the designation “whole grain”. In
composite foods, more than 50% of the dry matter should be whole grains. In multicomponent foods
(consisting of more than one food group) such as meals, the whole-grain criteria should refer to the cereal
part, e.g. the bun in a burger or the crust in a pizza.

To ensure the concept of whole grain is associated with human health benefits, processing the grains, e.g. by
cleaning, germination or fermentation, is acceptable only if it causes a total loss of less than 2% of the grain
and 10% of the bran. Since many consumers may regard foods labelled “whole grain” as healthy, it is further
advisable that such foods should meet accepted standards for healthy foods, e.g. nutrient profiles on
sodium, fat and sugars.

Of the three main compartments, the bran and germ parts have the highest concentrations of vitamins,
minerals, dietary fibre, and a series of other bioactive compounds. Hence, whole grains and whole-grain
products contain these nutrients and bioactive compounds in significantly higher proportions than refined-



grain products. Many of these nutrients and bioactive compounds are either shown to or hypothesized to be
associated with the health benefits of whole-grain consumption.

An umbrella review was conducted, with the aim of gathering the latest and best level of evidence available
concerning the associations between whole-grain intake and the development of cardiovascular diseases,
type 2 diabetes, cancer, risk of overall mortality, and overweight.

The results of recent good quality meta-analyses, expert reports and of the WholEUGrain umbrella review
show there is consistent evidence that an intake of about 90 g of whole-grain products per day (equivalent
to 3 servings of whole-grain products, or 48 grams of whole grain as an ingredient) significantly reduces the
risk of these diseases and overall mortality. In general, stronger improvements in risk reductions are
observed for the shift between none to relatively low levels of intake, with significant benefits being
achieved with as little as one-two servings of whole-grain products per day. Furthermore, protective effects
are clearly seen for higher whole-grain intakes, with clear dose-response associations showing further risk
reductions with intakes as high as 200-225 g whole-grain products per day (6.5—7.5 servings, equivalent to
104-120 grams of whole grain as an ingredient) for some of the observed associations.

There is strong epidemiological evidence that consumption of higher amounts of whole grains is associated
with a lower risk of overall cardiovascular and coronary heart disease. Dose-response analyses show that the
biggest differences in risk are found for those consuming at least one serving of whole grains (30 g whole-
grain products/day) compared to those who consume none to very low doses, but with further risk
reductions observable for intakes up to 100-210 g whole-grain products/day (approximately 3-7 servings). In
addition, there is good evidence for the mechanisms explaining this relationship in humans.

For heart failure, not much evidence is available so far, but one good quality meta-analysis indicates a
possible lower risk with a higher intake of whole grains. For stroke, the evidence is not clear, possibly due to
a small number of studies conducted.

There is strong evidence that consumption of higher amounts of whole grains is associated with a lower risk
of type 2 diabetes. Dose-response analyses further confirm this association, showing a significant lower risk
for those consuming at least half a serving of whole grains (15 g whole-grain products/day) compared to
those who consumed none to very low doses. Further risk reductions were observable for intakes up to 90 g
whole-grain products/day (3 servings). In addition, there is fairly good evidence for the mechanisms
explaining this relationship in humans.

There is strong evidence of a protective role of whole grains for colorectal cancer. This conclusion is based
on consistent data from several prospective cohort studies that show a statistically significant and clear
dose-response relationship showing a lower risk of cancer with higher consumption of whole grains, with low
heterogeneity. Furthermore, there is robust evidence for the mechanisms explaining this relationship in
humans. There is, so far, not enough data to draw conclusions regarding a potential protective effect of
whole grains and the risk of other types of cancer.

There is strong evidence that a high whole-grain intake is associated with a lower risk of all-cause mortality.
Dose-response analyses further confirm the robustness of this association, showing steeper risk reductions



for those with a whole-grain intake in the lower range compared to those who do not consume whole grains.
Further risk reductions were observable in those consuming higher amounts, with considerable risk
reductions for intakes up to 5.5 servings of whole-grain products per day (165 grams).

There is rather limited evidence suggestive of a protective role of whole grains on the risk of weight gain,
overweight and obesity. Even though the evidence is limited at present, it is generally consistent and shows
a trend towards an inverse, albeit very small, risk reduction. There is evidence of biological plausibility
through a number of different mechanisms related to energy balance. For adiposity parameters like waist
circumference, body fat percentage, fat mass and fat-free mass the evidence is scarce, and results are
conflicting.

A variety of unwanted substances and/or contaminants from different sources can, similarly to other foods,
be found in whole grains and whole-grain products. For whole grains and whole-grain products, levels of
such substances do not differ considerably from the levels found in refined grains or refined-grain products.
As long as the maximum levels stipulated by the EU for different groups of foods are not exceeded,
unwanted substances and contaminants in whole grains and whole-grain products pose very few food safety
or health concerns, but awareness must be kept regarding potential problems deriving mainly from arsenic,
but also aflatoxins and acrylamide to some extent. Furthermore, consumer education programs and
campaigns must provide consumers and professionals with knowledge on how to use cereals in safe
manners.

Grains and cereals are, together with vegetables, fruits, legumes and pulses, among the food groups with the
lowest climate impact per kg of food. When comparing the different types of grains and cereals, rice tends to
have a higher impact than wheat, rye and oats.

Few studies have compared whole-grain products with products made from refined grains, but whole-grain
bread might have a slightly lower climate impact per kg than bread made from refined grains. Further, it is
not clear to which degree the studies take possibly extra grinding and the use of the separated grain parts in
other foods or animal feed into account.

When using estimates of the environmental impact of foods, differences in e.g. system boundaries, life cycle
assessment methods and production conditions must be taken into account. Fortunately, reviews and
databases with environmental data typically adjust for these differences. When evaluating the
environmental impact of specific foods, it is not enough to evaluate foods separately. It is essential to
consider how they are included in the overall diet because foods are included in different quantities,
contribute with different combinations and amounts of nutrients, and there are significant differences in
intake between populations.

Although grains make up a relatively large proportion of the typical European diet, they only contribute a
smaller part of the climate impact from a total diet due to the high climate impact from most animal
products. Regardless of diet type, whole grains can always play a significant role and can help improve the
nutritional content of a diet. When transitioning to a more healthy and sustainable plant-based diet with
fewer animal products, whole-grain products become even more important. Together with legumes, grains

10



contribute essential amino acids. Further, whole-grain products have a significant content of those minerals
that may be limited in a more plant-based diet, e.g. iron and zinc.

Establishing a recommendation for whole-grain intake should be based on the scientific evidence for
associations between whole-grain intake and incidence of non-communicable diseases and mortality. The
amount of whole grains (established in grams, grams of products or number of servings/portions) associated
with reduced disease incidence should be identified from high-quality cohort studies.

The amount of whole grains that is shown to provide health benefits should be evaluated in the context of
local dietary habits and nutrient recommendations. Adding a sustainable perspective is expected to increase
the whole-grain recommendation at the expense of animal-based foods, since the contribution of essential
nutrients from whole-grain food products in a healthier and more sustainable diet becomes highly relevant.
It should be emphasised that different types of whole grains should be consumed, since they contribute with
different nutrients and other compounds.

Whether a whole-grain recommendation is communicated to consumers in grams, grams of products or no.

of servings/portions, and whether it is expressed per energy unit or per day, is for the responsible health
authority to decide based on local practice.
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CHAPTER 1
Definition of whole grains and whole-grain food products

By Heddie Mejborn, National Food Institute, Technical University of Denmark

1.1. INTRODUCTION

This chapter aims to clarify relevant aspects regarding the establishment of definitions of “whole
grains” and “whole-grain food products” that other European countries can use if they decide to
establish nationally accepted definitions.

Several countries have defined “whole grains” and “whole-grain food products” in their legislation. In
some countries, the authorities accept a “code of practice” for use of the term “whole grain” by
private organisations, e.g. if bakers’ associations have defined whole-grain food products.

Definitions are often established to help inform consumers about possible health benefits of whole
grains and to make it easier for consumers to distinguish whole-grain food products in a shopping
situation. A lack of officially recognised definitions by food and health authorities opens the door for
food producers or health non-governmental organizations to establish their own definitions.

Since whole grains are often included as ingredients in composite foods, it is difficult for consumers to
identify whole grains. Thus, consumers may lose confidence in whole-grain food products, if they
cannot be certain to get what they expect, when buying a food labelled “whole grain”. Besides, this
lack of definition makes it difficult for food producers to communicate to consumers through labels
and claims, and to sell whole-grain food products in different countries. Thus, standardized definitions
of whole grains and whole-grain food products established by food and health authorities benefit both
consumers and food producers.

It is important to distinguish between “whole grain”, which is the total plant seed, and “whole-grain
food products”, which are foods containing a minimum of whole grains as an ingredient.

This chapter discusses existing definitions and points out aspects to consider when defining whole
grains and whole-grain food products.

1.2. WHAT IS WHOLE GRAIN?

Seeds from grass species — also called grains or caryopses — are composed of a starchy endosperm, a
germ (the embryo), an aleurone cell layer, and a fibre-rich seed coat (pericarp, testa). The aleurone
layer and the seed coat are often collectively called the bran. Whole grains are defined as intact grains
or processed grains (e.g. ground, cracked or flaked) where the three fractions endosperm, germ and
bran are present in the same relative proportion as in the intact grains. Some grains have an inedible
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outer layer called the hull or the husk. Removing the hull does not affect the grains’ status as whole
grains.

The most widely consumed grains (cereals) belong to the grass family, Poaceae. The grass family
consists of twelve subfamilies, of which the seeds of some are part of the human diet, e.g.
Chloridoideae (includes some millet species and teff), Oryzoideae (syn. Ehrhartoideae, includes rice),
Panicoideae (includes maize, sorghum and some millet species), and Pooideae (which includes the
major cereal grains wheat, barley, oat and rye) (%2,

The term “millet” covers a group of highly variable species, which may not be closely related, since
they can belong to different subfamilies. The most commonly cultivated are pearl millet (Pennisetum
glaucum), proso millet (Panicum miliaceum, also known as common millet, broomcorn millet, hog
millet, or white millet), and foxtail millet (Setaria italic), all from the subfamily Panicoideae, and finge
millet (Eleusine coracana) from the Chloridoideae subfamily Bl. The grass species most commonly
eaten by humans are shown in table 1.1.

Table 1.1 — Commonly eaten species from the grass family (Poaceae).

Common name Genus Species

Barley Hordeum Hordeum vulgare L.

Oat Avena Avena sativa L.

Rye Secale Secale cereale L.

Wheat Triticum Triticum aestivum L. (common wheat)

Triticum spelta L. (spelt or dinkel wheat)
Triticum dicoccum Schrank ex Schibl. (emmer)
Triticum monococcum L. (einkorn)

Triticum durum Desf. (durum)

Maize Zea Zea mays L.

Rice Oryza Oryza sativa L. (Asian rice)

Millet Eleusine Eleusine coracana Gaertn. (finger millet)
Panicum Panicum miliaceum L. (common millet)
Pennisetum Pennisetum glaucum (L.) R.Br. (pearl millet)
Setaria Setaria italica (L.) P. Beauvois (foxtail millet)

Sorghum/durra Sorghum Sorghum bicolor (L.) Moench (alm. durra)

Teff Eragrostis Eragrostis tef (Zucc.) Trotter

Wild rice Zizania Zizania aquatica L.

Theoretically, intact seeds from all plants from the grass family could be defined as whole grains.

r

However, scientific evidence for beneficial effects related to either human health or the environment

should restrict the definition to species that are commonly eaten by humans, or species acceptable as

part of a human diet, whose intake should be increased in a sustainable diet. Since the definition
preferably should be suitable for use within the whole European Union, it is appropriate that all
species mentioned in table 1.1 are defined as whole grains, including varieties and hybrids. Thus, e.g

the wheat variety T. aestivum "Epos’, and the hybrid T. aestivum x S. cereale = X Triticosecale (triticale)

are whole grains. Table 1.1 should be updated whenever new information is obtained.
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In countries where fresh maize is commonly eaten as a vegetable and not as a staple food, fresh maize
should not be considered a whole grain, but dried maize, e.g. maize flour, should if it contains all three
fractions of the grain present in the same relative proportion as in the intact grain.

Pseudo-cereals

So-called “pseudo-cereals” can be used as foods in similar ways as cereal grains, since their culinary
use is comparable. Their nutrient content is somewhat similar as well ¥ (see also
https://frida.fooddata.dk/?lang=en or https://fdc.nal.usda.gov/), so the nutritional impact of replacing
cereal grains in the diet with pseudo-cereals is limited. However, it should be pointed out that pseudo-

cereal seeds do not contain the mixed-linkage beta-glucans typical of true cereals; the xylan structures
are also substantially different between the two groups and xyloglucan content will generally be
higher in the pseudo-cereal cell walls compared with those of true cereals P,

Normally three plants are defined as pseudo-cereals: amaranth, buckwheat and quinoa (see table 1.2).
Three species of amaranth are cultivated as food source [©1,

Table 1.2 — Commonly eaten species of “pseudo-cereals”, included in some whole-grain definitions.*

Common name Family Genus Species

Amaranth Amaranthaceae Amaranthus Amaranthus caudatus L.
Amaranthus cruentus L.
Amaranthus hypochondriacus L.

Buckwheat Polygonaceae Fagopyrum Fagopyrum esculentum Moench

Quinoa Amaranthaceae Chenopodium Chenopodium quinoa Willd.

* Austria, Croatia, Hungary, UK, Canada, USA, American Association of Cereal Chemists, Healthgrain Forum,
Whole Grain Initiative.

1.3. PROCESSING OF WHOLE GRAINS AND EFFECT ON WHOLE-GRAIN STATUS

Grains may undergo a light cleaning such as removing of stones and dirt before they are consumed.
Some whole-grain definitions specify this (see below). To reduce the loss of nutrients during cleaning,
an acceptable cleaning loss should be defined.

Grains are normally cooked or heated before they are consumed by humans. They may also undergo
other types of processing such as milling, sprouting or fermentation. Depending on how the
processing affects the grains, they may no longer qualify as whole grains. Issues related to further
processing such as baking and extrusion are outside the scope of the definition of whole grain as a
food ingredient.

Milling

Grains can be eaten as whole kernels but most grains are milled, before they are used in food
production. Whole grains may be ground, cracked or flaked. To be defined as whole grains after
milling, the three fractions endosperm, germ and bran must be present in the same relative
proportion as in the intact kernels.
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Milling can vary from the simplest form, where each single grain is cracked or cut into few pieces, to
more thorough milling or even finely ground flour. Depending on the type of mill, the different grain
fractions may or may not be separated during milling. In stone mills whole grains are crushed without
separation of the fractions. In roller mills grains are ground and separated by sieving, and when all
fractions have obtained the desired particle size, they are reconstituted to form whole-grain flour.

It is not possible to define a standard ratio between the three grain fractions, since it varies within and
between species, and it is affected by grain size. Therefore, it is recommended that the recombination
of fractions after milling be done at the mill.

During milling grains can be ground very finely. That may affect the health effects of whole grains (e.g.
effects on nutrient availability, satiety, and human gut microbiota). Increased availability of
micronutrients from finely ground whole grains may benefit human health, but it is possible the fine
grinding may also reduce their health effects. This has not yet been studied in detail, so at this point
we can merely propose a hypothesis: that once the intact cellular structures that are readily visible in
coarsely ground flour using bright-field light microscopy are no longer prevalent, then neither are the
whole-grain properties, health effects included. Testing this hypothesis and inferring a quantitative
statement about the fraction of intact cellular structures, requires experimental work.

Behall and colleagues (2013) found no difference in plasma glucose or gluco-regulatory hormone
responses after intake of refined grains, conventionally-ground whole grains, or ultra-finely ground
whole grains in non-diabetic adult men and women U, A study in diabetic adults showed that
consuming less-ground whole-grain food products improved postprandial glycaemic control compared
with consuming whole-grain food products where the grain particle size was further reduced through
milling @, Likewise, Reynolds and colleagues (2020) found the consumption of whole-grain bread
made with more intact and coarsely-ground whole grains reduced postprandial glycaemia in adults
with type 2 diabetes when compared with whole-grain bread made with finely roller-milled whole
grains, while bread made with more coarsely ground stone-milled flour did not follow this trend P1. No
studies on effects of level of milling of whole grains on other health parameters were identified.

Thus, whole grain’s structural integrity determines nutrient availability including starch, so any process
that disrupts the physical or botanical structure may be important for those who need to control their
blood glucose. Therefore, if the term whole grain is used to imply a health benefit, the definition
should also consider the degree of processing.

Currently, no studies give indications of a level of milling, where there is still a positive health effect of
whole grains, but the studies by Reynolds et al. (2020) and Aberg et al. (2020) suggest that
maintaining the structural integrity of whole grains will likely have long-term health benefits &),
Grains that are so finely ground that no positive health effects persist should no longer be called
whole grains. Until studies are available to set such a limit, it could be set where the grains are milled
so finely that no intact cellular structures can be recognised in a bright-field light microscope.

Germination

Grains are normally used in foods in a dried state but grains can be germinated (sprouted) before they
are used as food ingredients. The process is equivalent to the process of malting used in beer brewing.
To start germination, the grains must be soaked in water, so they absorb moisture. Depending on the
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water content, temperature, and time, the embryo will start forming a new plant. During the process,
the composition of the kernel will change: starch is hydrolysed by endogenous enzymes to glucose to
provide energy for the growing embryo. Other compounds are degraded or synthesised, changing the
nutrient content and availability and possibly the effects on health, including the human gut
microbiota. When starch is metabolised by the plant to CO, and water, the relative amount of fibres in
the grains increases relatively. Besides, fibres are synthesised during cell wall formation in the
germinating plant. For a comprehensive overview of the impact of germination on nutrient content in
grains, see Lemmens et al. (2019) (19,

Only limited studies in humans have shown positive health effects of germinated grains 1%. The moist
environment during germination can promote bacterial growth, which should be taken into
consideration, as it may affect food safety.

Thus, we suggest that germinated grains can be included in the definition of whole grains, if the level
of germination is well defined, e.g. the germination time or the length of the sprout in proportion to
the kernel length, and the acceptable impact on nutrient content. More studies on health effects are
required to determine if germinated grains possess health benefits for humans similar to non-
germinated whole grains.

Fermenting/enzyme treatment

In bread production, composition of grains and flour in the dough are subject to changes during the
raising of the bread caused by enzymes from naturally occurring or added yeast or bacteria. This
fermentation results in changes in grain composition and nutrient availability, which may affect the
health effects of the whole grains included. Whole grains that are subject to the standard
fermentation which is part of a normal bread production should be considered whole grains, since
bread is part of the whole-grain food products that are shown to have health benefits to humans.

A range of enzymes are used in baking industry. These comprise proteases, lipases, amylases, and
xylanases as the most common activities. Increased bread volume, improved shelf-life or modulation
of dough rheological properties are the usual purposes of these enzyme technologies. However, it is
possible to purchase very specific, potent enzymes, e.g. cellulases, which can break down fibres in
whole grains to sugars. In some bakeries it is common practice to apply a pre-treatment to the grains,
flour or a grain fraction, e.g. the bran, before reconstitution to whole grains. If enzymes are added as
part of the pre-treatment, a large part of the grains in principle may be converted to sugars. Such
grains no longer contain all of the original bran, germ and endosperm.

Since several studies have shown that cereal fibres possess health benefits 11151 it is essential that the
main part of the fibres are intact when whole-grain food products are consumed. Thus, use of fibre-
degrading enzymes before or during fermentation leading to degradation of a significant part of the
fibres before the grains are used as food ingredients, is not compatible with the whole-grain
definition, since the grains no longer contain the endosperm, germ, and bran in the same relative
proportions as the intact grains.

There are, to the best of our knowledge, no published studies of how far enzyme digestion can be
taken before the health benefits of whole grains are lost. We propose that the content of cellulose as
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measured by the Updegraff method 1 shall be substantially equivalent to that of the starting
material, and that loss of the hemicellulosic fraction should remain below an experimentally
determined threshold to ascertain that the health effects are not compromised.

We suggest that, in general, grains that are fermented before they are used as ingredients in
composite foods are not considered whole grains, because such grains no longer contain all of the
original bran, germ and endosperm in the same relative proportions as the intact grains.

1.4. WHOLE-GRAIN FOOD PRODUCTS

To avoid misleading consumers, whole-grain food products should contain a specified minimum
amount of whole grains. Preferably, whole grains should be the primary ingredient in a whole-grain
food product. Besides, the designation “whole grain” could be reserved to specific food categories,
e.g. bread, pasta, and breakfast cereals, which are natural components of a healthy diet.

Whole-grain food products may contain different levels of water, e.g. bread and breakfast cereals.
Thus, to set comparable criteria for minimum whole-grain content in whole-grain food products, the
whole-grain content should preferably be expressed as a percentage of the food’s dry matter.

We suggest, foods consisting of only one ingredient, e.g. flour or rolled oats, should be 100% whole
grain to use the designation “whole grain”. In composite foods, more than 50% of the dry matter
should be whole grains. In multicomponent foods (consisting of more than one food group) such as
meals, the whole-grain criteria should refer to the cereal part, e.g. the bun in a burger or the crustin a
pizza.

As pointed out by Ross and colleagues (2017), sensory aspects of whole-grain food products are not
universally appreciated by consumers 1. To encourage consumers in countries not accustomed to
whole grains to enjoy their taste and their health benefits, it may be necessary to set the
requirements for whole-grain content in foods lower than in countries where whole grains are part of
the traditional diet. The Healthgrain Forum —an Europe-based partnership between cereal scientists
from academia and industry — has discussed the subject thoroughly and suggests whole-grain food
products contain at least 30% whole-grain ingredients on a dry-weight basis and more whole-grain
ingredients than refined-grain ingredients 7). However, it is stated by the authors that if national
regulation regarding whole-grain food product definitions exist, they should be paramount to this
definition.

The Whole Grain Initiative (WGI) — a worldwide interdisciplinary collaboration with the aim to increase
whole-grain intake worldwide — has suggested that whole-grain food products shall contain at least
50% whole grains on dry-weight basis. However, they also suggest that foods containing at least 25%
whole grains on dry-weight basis may make a front of pack claim of the presence of whole grains but
cannot designate “whole grain” in the product name 181,

According to the EU Regulative 1169/2011, article 22, an ingredient that appears in the name of the
food or is usually associated with that name by the consumer, e.g. foods claiming “made with/contains
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whole grains”, are required to provide a quantitative indication of ingredients (QUID) of whole grains

on the packaging . This rule also applies to foods carrying a whole-grain label.

Since many consumers may regard foods labelled “whole grain” as healthy, it is advisable that such

foods meet accepted standards for healthy foods, e.g. nutrient profiles on sodium, fat and sugars.

1.5. WHOLE-GRAIN DEFINITIONS IN DIFFERENT COUNTRIES AND ORGANISATIONS

Worldwide, several countries, organisations, or scientists have defined whole grains and whole-grain

food products either in national legislation or as a code of conduct, e.g. guidelines for the food

industry or scientists. In this chapter we present the most important contributions to the discussions

on unique worldwide definitions (see table 1.3). Definitions from individual countries and
organisations are presented in Appendix A.

Table 1.3 — Important worldwide contributions to the discussion of definitions of whole grains and

whole-grain food products.

Issuing body

AACC

Healthgrain
Forum

Whole Grain
Initiative

Species included in definition

All seeds from the Poaceae family
and pseudo-cereals (amaranth,
buckwheat and quinoa)

Commonly known cereal species
(wheat, oats, rye, barley, maize,
rice, millets, sorghum, teff, and wild
rice), more uncommon cereals
(Canary seeds, Job’s tears, Fonio),
and pseudo-cereals (amaranth,
buckwheat and quinoa)

Cereal grains from the Poaceae
family and pseudo-cereals
(amaranth, buckwheat and quinoa)
used for human consumption

American Association of Cereal Chemists

Whole-grain food products definition

27 g whole grain/100 g product

At least 30% whole-grain ingredients on a dry-
weight basis and more whole-grain ingredients
than refined-grain ingredients

Suggested, not adopted:

Contain at least 50% whole grains on dry-weight
basis.

Foods containing at least 25% whole grains on
dry-weight basis may make a front-of-pack claim
on the presence of whole grains but cannot
designate “whole grain” in the product name.

In 1999 the American Association of Cereal Chemists (AACC) defined whole grains as follows: “Whole

grains shall consist of the intact, ground, cracked or flaked caryopsis, whose principal anatomical

components — the starchy endosperm, germ and bran — are present in the same relative proportions

as they exist in the intact caryopsis” 29,

In a letter from the AACC (later named AACC International) to the American Food and Drug
Administration, it is stated: “Cereals are generally considered to be the seeds of grasses from the
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Poaceae family. Pseudocereals are seed heads of a number of different species of plants that do not
belong to the grass family and do not include legumes or oilseeds”. “Pseudocereals should be included
with the cereals because the grain heads of pseudocereals are used in the same traditional ways that
cereals are used, such as in the making of bread, starch staples and side dishes. In addition, the overall
macronutrient composition (proportions of carbohydrate, protein and fat) of cereals and
pseudocereals is similar” 21, Pseudo-cereals are listed as amaranth, buckwheat, quinoa and wild rice.

This definition was later extended to specify whole-grain food products: “A whole grain food must
contain 8 grams or more of whole grain per 30 grams of product” (27 g/100 g) %) The distinction of 8
grams of whole grains per 30 grams of product was made to take into account food products that
include refined grains, which currently enjoy higher levels of consumer acceptance.

The AACCI has also approved a statement on sprouted grains: “Malted or sprouted grains containing
all of the original bran, germ, and endosperm shall be considered whole grains as long as sprout
growth does not exceed kernel length and nutrient values have not diminished. These grains should
be labelled as malted or sprouted whole grain” 231,

Healthgrain Forum

The Healthgrain Forum, a collaboration between scientists from academia and food industry,
developed a definition of whole grain including a specification of included grains and milling
processes: “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. Small losses of components — that is, less than 2% of the grain/10% of the bran — that occur
through processing methods consistent with safety and quality are allowed.” 24,

The definition includes commonly known cereal species (wheat, oats, rye, barley, maize, rice, millets,
sorghum, teff, and wild rice), more uncommon cereals (Canary seeds, Job’s tears, Fonio), and pseudo-
cereals (amaranth, buckwheat and quinoa).

The Healthgrain Forum suggests that whole-grain food products should contain at least 30% whole-
grain ingredients on a dry-weight basis and more whole-grain ingredients than refined-grain
ingredients 171,

Whole Grain Initiative

Recently, WGI suggested a definition of whole grain: “Whole grains shall consist of the intact, ground,
cracked, flaked or otherwise processed kernel after the removal of inedible parts such as the hull and
husk. All anatomical components, including the endosperm, germ, and bran must be present in the
same relative proportions as in the intact kernel.” ?°l. The term “whole grains” applies to cereal grains
from the Poaceae family and the pseudo-cereals (amaranth, buckwheat and quinoa) that are used for
human consumption.

In the WGI definition, grain processing is not specified but it is mentioned that “processing of cereals
and their fractions includes dry and wet methods which should be executed according to good
manufacturing principles and consider the following points: 1) A batch of grain consisting of one or
more varieties or classes of a single species may be temporarily separated into fractions and
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considered whole grain if the fractions are recombined in the original proportions. 2) Grain fractions
from one or more varieties or classes of a single species that originated from different batches and
combined to reflect the original proportions are considered whole grain. 3) Small, generally
unavoidable losses of components, that occur through processing consistent with safety and quality
standards are allowed. 4) Fermented, malted or sprouted grains containing all of the original bran,
germ and endosperm shall be considered whole grains as long as nutrient values have not diminished,
for malted or sprouted grains the length of the sprout should not exceed kernel length” 21,

1.6. CONCLUSION

Which species should be included in a whole-grain definition

Whole grains are defined as intact grains or processed grains (e.g. ground, cracked or flaked) where
the three fractions — endosperm, germ and bran — are present in the same relative proportion as in
the intact grains. Some grains have an inedible outer layer called the hull. Removing the hull does not
affect the grains’ status as whole grains.

Inclusion of seeds from species of the grass family, Poaceae, shown to have beneficial effects related
to either human health or the environment in the definition of whole grains should be restricted to
species that are commonly eaten by humans, or species acceptable as part of a human diet whose
intake should be increased as part of a healthy diet.

Documentation for pseudo-cereals’ health benefits to humans is uncertain, since most prospective
cohort studies that show a positive association between whole-grain intake and health did not
investigate associations with pseudo-cereals. However, as pseudo-cereals (amaranth, buckwheat and
quinoa) are used as foods in similar ways as cereal grains, and their nutrient content is somewhat
similar (except for fibre composition), they may be considered whole grains.

How much processing is acceptable?
For safety reasons, whole grains may undergo a light cleaning such as removing of stones and dirt.

It is not possible to define a standard ratio between the three grain fractions, endosperm, germ and
bran, since it varies within and between species, and it is affected by grain size. During milling, the
grains can be ground very fine. That may affect health effects, e.g. the effect on digestion, satiety and
composition of human gut microbiota. Currently, no studies give indications of a level of milling,
where there is still a positive health effect of whole grains. Until enough studies are available to set
such a limit, it could be set where the grains are ground so finely that no intact cellular structures can
be recognised in a bright-field light microscope.

It is recommended that the recombination of fractions after milling on roller mills be done at the mill.
Germinated (sprouted) grains can be included in the definition of whole grains if the level of

germination is well defined, e.g. the germination time or the length of the sprout in proportion to the
kernel length, and an acceptable impact on nutrient content.
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Fermentation of whole grains (or part of the grains) before they are used as ingredients in food
products is only compatible with the whole-grain concept if nutrient loss, in particular fibre loss, can
be kept within an acceptable limit.

The use of fibre-degrading enzymes before or during fermentation, leading to degradation of a
significant part of the fibres, is not compatible with the whole grain concept.

To ensure the concept “whole grain” can be associated with human health benefits, more studies are
required for setting criteria for particle size after grinding and acceptable nutrient loss during
sprouting and fermentation.

Our proposition is that an acceptable loss due to processing, including cleaning should be less than 2%
of the grain and 10% of the bran.

How much whole grain should be included in a whole-grain food product?

Whole grains should be the main ingredient in whole-grain food products, i.e. whole grains should
constitute more than 50% of the dry matter. However, in countries where consumers are not
accustomed to whole grains it may be necessary to set a lower requirement for whole-grain food
products to be accepted as part of a regular healthy diet. If national regulations regarding whole-grain
definitions exist, they should be paramount to a common European definition.

Consumers may regard foods labelled “whole grain” as healthy. Thus, from a health perspective such
foods should also meet accepted standards for healthy foods, e.g. nutrient profiles.
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CHAPTER 2
Whole grain: composition and nutrients

Adapted and translated from “Nutrients and other constituents of whole grains” by Helle Nygaard Laerke & Knud

Erik Bach Knudsen in “Whole grain: definition and evidence base for the recommendation of whole-grain intake in

Denmark” 4,

By Sofia de Moura Lourenco, Danish Cancer Society

The aim of this chapter is to give a short introduction to and an overview of the generic composition
of whole grains and their nutrients, micronutrients, and bioactive compounds.

2.1. COMPOSITION AND STRUCTURE

Overall, grain kernels have the same anatomical structure and include three distinct fractions: bran,
endosperm, and germ (see figure 2.1.).

Bran

Endosperm

Aleurone layer

Germ

Figure 2.1 — Anatomy of the grain kernel. lllustration by Dalhoff Design, courtesy of the Danish Whole Grain

Partnership.

The bran is the seed coat of the edible grain kernel, and is composed by 1-2 layers: both the outer

layer (pericarp) and the inner layer (testa) are composed primarily by strongly lignified cell walls with a

high content of cellulose and arabinoxylans. It is rich in antioxidants, minerals, vitamins and dietary
fibres.
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The endosperm is the nutrient storage fraction, and is the largest fraction of the kernel. It is composed
by an outer aleurone layer with thick cell walls, and a higher content of dietary fibres, essential amino
acids, and minerals. The aleurone layer also has a high concentration of fats and B-vitamins. The
remaining endosperm fraction is composed by thin cell walls and stores high quantities of starch
embedded in a protein matrix . During milling, the aleurone layer is separated from the endosperm
and gets mixed up with the bran fraction. Thus, the aleurone layer is not included in refined grain
products.

The germ is the cereal plant embryo, with thin cell walls and a high content of protein and fat. This
fraction is also rich in vitamins, minerals, and a number of other phenolic and bioactive compounds.

2.2. NUTRIENTS, MICRONUTRIENTS, AND BIOACTIVE COMPOUNDS

For the most part, grain kernels of cereals have the same anatomy, but there are slight differences in
structure and nutrient content between species and variants, e.g. a higher lipid content in oats and
lower dietary fibre content in millet and rice B, It is important to have such differences in mind in
terms of the nutritional value and culinary properties of both whole kernels (either intact or ground)
and different milled fractions like flour or bran.

Grains are primarily a source of carbohydrates with a high content of starch and dietary fibre, and low
contents of sugars and fructans. Starch is concentrated in the endosperm, and dietary fibres are
concentrated in the bran and the aleurone layer. The germ and the bran are the fractions that contain
most of the vitamins, minerals, as well as a series of phenolic and other bioactive compounds.
Furthermore, the germ has a high content of fats with a high proportion of mono- and
polyunsaturated fatty acids, and a high content of plant sterols.

Most of the kernel’s enzymes are concentrated in the germ and the bran fraction. The type and
amount of enzymes in flour influence its technological properties, as well as its food shelf life. In
addition, the extraction rate® and degree of grinding® are important for the content of different
nutrients and bioactive components.

Though botanically distinct, pseudo-cereals and pseudo-cereal products can be used culinarily in a
similar fashion as cereal grains and cereal-based products . There are some differences between
kernels of cereals and pseudo-cereals in terms of anatomical composition, but their nutrient content is
somewhat similar ). Thus the nutritional impact of replacing cereal grains in the diet with pseudo-
cereals is limited. However, there is considerable difference between cereals and pseudo-cereals in
the content and proportion of different types of dietary fibre (see also Chapter 1).

@ Extraction rate is the percentage of finished product obtained from the milling of a cereal. An extraction rate of 100%
expresses that the whole kernel is milled and used. An extraction rate of 72%, e.g. as in white flour, expresses that only
72% of the kernel — starting from the kernel core —is part of the flour or other product, and that the outer 28% has
been removed.

b The degree of grinding expresses the size of the particles resultant from the grinding process. The higher the degree
of grinding, the smaller the particles in the final product.
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An overview of nutrients, phenolic and other bioactive compounds common in cereal grains is

presented in Table 2.1.

Table 2.1. — Overview of nutrients and other bioactive compounds present in grain kernels of cereals.
A majority of the same nutrients and bioactive compounds are also found in pseudo-cereals, but
might differ in terms of the proportions presented here, since this overview is based on the nutrient
content of cereals alone.

MACRONUTRIENTS

Starch

Starch is the grain seed’s primary energy source. Starch encapsulated in intact cell walls (e.g. due to
a coarser/lower degree of grinding or in whole kernels) is digested more slowly than starch from
products with a higher degree of grinding (hence smaller particles). It is mainly concentrated in the
endosperm. Hence, the starch content is higher in products with a lower extraction rate (e.g. white
wheat flour).

Dietary fibre
The majority of dietary fibre in cereals is composed by non-starchy polysaccharides and lignin. The
most important polysaccharides in dietary fibre are arabinoxylans, B-glucans and cellulose.

There are two types of dietary fibre: soluble and insoluble. Soluble dietary fibre increase the
viscosity in the intestines, hereby influencing their emptying rate as well as digestion and
absorption processes. One example is seen with the cholesterol-reducing properties of oats largely

Carbohydrates

due to the amount of soluble fibre (mainly viscosity-enhancing B-glucans) ®l. Soluble fibre is
digested very little in the small intestine, and is instead metabolised by the microorganisms in the
colon. Insoluble fibre are more resistant to digestion by microbiota in the colon, and act primarily as
undigested filler that influences the intestines’ peristaltic movements.

All cereals contain the same type of cell wall polysaccharides, but the proportions between types
are different between cereal species. Lignin and cellulose are concentrated in the outer layers
(pericarp and testa), while arabinoxylans and B-glucans are concentrated in the aleurone and sub-
aleurone layers as well as in the endosperm. Since the majority of dietary fibre is concentrated in
the bran and aleurone fractions, an extraction rate of 80% or more results in a higher content of
dietary fibre in cereal products.

Protein

For the majority of cereals, approximately 70% of protein is found in the endosperm fraction. Protein
quality — determined by the digestibility ¢ and quantity of essential amino acids — is typically low in cereals,
due to the limited content of some essential amino acids, mostly lysine, but also tryptophan, methionine,
isoleucine, valine and threonine. E.g., oats have a better protein quality than most other cereals, since the
lysine content in this species is higher. Nonetheless, since a large part of the human diet is composed by
cereal-based products, whole grains and whole-grain products can be good protein sources, particularly if
consumed as part of a varied diet.

Fat
The majority of grain kernels have a fat content of 1,5-4%, but oats are an exception with a fat content of
5-9%.

¢ Amount of nutrient absorbed by the individual.
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These fats are mostly concentrated in the germ fraction, but there is also a considerable concentration of
fats in the aleurone layer [21. Fats in grain kernels are composed by both oleic acid and polyunsaturated
fatty acids (mostly linolenic acid).

MICRONUTRIENTS

Minerals

Whole grains contribute to the human diet with a range of minerals like iron, magnesium, phosphorus,
zinc, copper, manganese, and selenium. Calcium, potassium and sodium are also present in smaller
amounts 71,

Minerals are mostly concentrated in the kernel’s bran fraction. As such, the mineral content in flour is
highly dependent of the extraction rate. A higher extraction rate (e.g. whole-grain wheat flour) can result
in a 2-4 times higher mineral content than a lower extraction rate (e.g. refined wheat flour).

The processing or preparation of whole grains is important for the bioavailability of minerals. Grain kernels
contain phytic acid, which binds and impairs the absorption of minerals like iron, zinc and magnesium.
Phytic acid is digested by the enzyme phytase, which is naturally present in cereals during batter or dough
preparation. Lactic acid bacteria can also digest phytic acid, which increases the bioavailability of minerals
in bread prepared with sourdough. Hence, a longer rising time or an effective fermenting of the cereals
will increase the digestion of phytic acid and consequently increase the bioavailability of minerals from
whole grains.

Vitamins
Grains are characterized by a high content of both B-vitamins (B1: thiamine; B2: riboflavin; B3: niacin; B5:
pantothenic acid; B6: pyridoxin; B7: biotin; and B9: folate) and E-vitamins (tocopherols and tocotrienols).

The aleurone layer is rich in several B-vitamins, which is why a high extraction rate is important for the
content of B-vitamins in whole grains and whole-grain products.

E-vitamins are primarily antioxidants that inhibit lipid oxidation in biological membranes. The germ
fraction is rich in E-vitamins in all cereals, but the proportion of tocopherols and tocotrienols varies
between species. E.g., oats contain twice as much E-vitamins than durum wheat or spelt.

Since both germ and bran are removed in milling processes for refined flours, a higher extraction rate
(typical for whole-grain flours) gives a higher content of these vitamins.

BIOACTIVE COMPOUNDS

Lignans

Lignans are bioactive compounds that act as plants’ natural defence substances. Lignans of plant origin are
digested by microbiota in the human gut and become enterolignans which are absorbed by the human
body. Research suggests enterolignans might decrease the risk of certain forms of cancer (see Chapter 3).

Lignans are primarily concentrated in the bran fraction of cereals, and as such whole grains and whole-
grain products are rich in these compounds. Rye products are especially rich in lignans, but all cereals
species contain these compounds, and up to 20 different types have been identified.

Alkylresorcinols

Alkylresorcinols are phenolic lipids composed by long aliphatic chains and resorcinol-type phenolic rings (@,
These compounds are concentrated in the bran fraction and aleurone layer of some species of cereals
(e.g. rye, wheat), and are otherwise rare in nature. Hence, alkylresorcinols are good biomarkers of diets
rich in whole-grain rye and whole-grain wheat products .
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Other phenolic compounds

The bran fraction and particularly the aleurone layer are also rich in antioxidants like ferulic acid, coumaric
acid and other derivates from cinnamic acid, as well as flavonoids, avenanthramides and similar
compounds. The composition and content levels of such phenolic compounds in the outer layers of grains
varies significantly between cereals species.

Phytosterols

Phytosterols are secondary metabolites known primarily for their cholesterol lowering effect 119 (see also
Chapter 3). Phytosterols are mainly found in the bran and germ fractions of the kernels, hence a higher
extraction rate results in higher contents in whole-grain products 11,

The profiles of phytosterols vary considerably between cereal species, and in-between species variations
depend on both genotypes, environmental factors, growing locations, and cultivation methods 11,

2.3. CONCLUSION

Of the three main compartments, the bran and germ parts have the highest concentrations of
vitamins, minerals, dietary fibre, and a series of other bioactive compounds. Hence, whole grains and
whole-grain products contain these nutrients and bioactive compounds in significantly higher
proportions than refined grain products. Many of these nutrients and bioactive compounds are either
shown to or hypothesized to be associated with the health benefits of whole-grain consumption, as is
described further in Chapter 3 of this report.
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CHAPTER 3
Whole-grain intake and risk of disease, mortality and overweight

By Sofia de Moura Lourenco and Anne-Sofie Q. Lund, Danish Cancer Society

3.1. INTRODUCTION

Noncommunicable diseases (NCDs) like cardiovascular diseases (CVDs), cancer, and type 2 diabetes, are
among the leading causes of morbidity and mortality in the European Region . In addition, 30-80% of adults
in the countries in this region have overweight or obesity ), which are well established risk factors for these
NCDs ? and are associated with higher overall mortality .

Poor quality diets, characterized by a low intake of fruit and vegetables, whole grains, nuts, seeds and fish,
but a high intake of sodium, sugar sweetened beverages, fast food and other high-calorie foods, contribute
significantly to the global burden of disease, and increase the risk of NCDs 4.

Associations between whole-grain intake and its potential risk reduction regarding CVDs, type 2 diabetes,
some cancer types, and mortality have been investigated previously, as well as the impact of whole-grain

intake in weight changes and adiposity measures .

This chapter aims to provide an update on the latest and highest level of evidence available concerning the
associations between whole-grain intake and the development of CVDs, type 2 diabetes, cancer, risk of
overall mortality, and overweight.

3.2. METHODOLOGY

Search strategy and selection of studies

First, we searched for recent meta-analyses and expert reports evaluating the influence of whole-grain
intake in the development of CVDs, type 2 diabetes, cancer, overall mortality, and overweight. We then
conducted a systematic literature review of evidence published after the cut-off dates for the systematic
searches conducted under the scope of these reports and meta-analyses (from here on referred to as either
“WholEUGrain project search” or “WholEUGrain umbrella review”).

The WholEUGrain review was conducted as an umbrella review due to the number of themes revised, and
hence the large amount of published evidence. This method provides a summary of existing published
systematic reviews and meta-analyses, and compares whether different studies posing similar research
guestions independently reach similar results, and draw similar conclusions. For a detailed description of the
search protocol, search terms, inclusion and exclusion criteria see Appendix B.

In the evidence hierarchy, meta-analyses and systematic literature reviews range as the highest levels of

evidence, preferably based on data from randomized controlled trials (RCTs), followed by prospective cohort
studies if no relevant RCTs have been conducted. However, noncommunicable diseases like cancer, type 2
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diabetes or CVDs develop over decades, and it is not feasible to conduct RCTs for such a long time span 119/,
The same applies to the effects of whole-grain intake in assessing the risk of overall mortality.
Meta-analyses and systematic reviews based on data from epidemiological studies (e.g. prospective cohort
studies) are thus more relevant for the evaluation of the influence of long-term intake of high vs. low
guantities of whole grains in the development of such conditions.

For this reason, the systematic WholEUGrain umbrella review is limited to systematic reviews and meta-
analyses of data from cohort studies for the sections on CVDs, type 2 diabetes, cancer, and mortality.

In the overweight section, the review includes systematic reviews and meta-analyses of both RCTs and
prospective cohort studies, since RCTs can be conducted for periods of time long enough to detect changes
in different body weight parameters of relevance.

The two authors of the WholEUGrain umbrella review worked independently, and performed searches that
yielded two separate lists of title-abstract records. Both authors screened these records and applied
inclusion criteria previously agreed upon. Copies of full-text articles for title-abstract records coded as
‘provisionally eligible” were retrieved, and an independently duplicate screening of full-text articles was then
performed. Any disagreements were identified and discussed between the authors until consensus was
reached, and a final list of included full text articles was complete for each section.

The quality and risk of bias of the included studies was assessed with two quality tools. For studies pertaining
the sections on diseases and mortality a quality-grading scheme was developed adapted from the guidelines
of the USA’s National Institutes of Health Y. For studies pertaining the section on overweight a quality-
grading scheme was adapted from the approach of the World Cancer Research Fund International (WCRF)

(1213) (see Appendix C for details regarding these tools).

Data analysis and evidence judgement

For the included systematic reviews and meta-analyses in the WholEUGrain umbrella review, the following
predefined information and data were extracted and consolidated into overview tables. These data included:
study characteristics (type, number, country of origin); exposure (whole grains or whole-grain food products
—see Box 3.1); outcomes; type of analyses and sub-analyses performed; total number of cases or
participants in intervention arms; summary of risk measures pertaining disease/mortality/overweight

parameter; and heterogeneity measures.




Heterogeneity was considered low when accounting for less than 30% of the variability in point estimates,
medium-level for 30-50%, and high for statistically significant levels above 50% variability, in accordance to
the WCRF’s Continuous Update Project (CUP) approach %

Results for the studies retrieved through the WholEUGrain umbrella review were gathered and consolidated,
and compared to the previously retrieved meta-analyses and expert reports on the different themes, and
evaluated in the light of the evidence quality and conciliation with possible explanatory mechanisms. The
overall evidence judgement was based on the criteria listed by the WCRF’s CUP project in their Third Expert
Report "% A summary of these criteria is available in Appendix D.

3.3. CARDIOVASCULAR DISEASES

Background

Cardiovascular diseases (CVDs) are a group of ailments related to the heart and blood vessels. The most
common are coronary heart disease (CHD)?, and cerebrovascular disease (commonly known as stroke).
Other types include heart failure, peripheral artery disease, rheumatic heart disease, congenital heart
disease, deep vein thrombosis and pulmonary embolism 4. CVDs are the leading cause of death globally. In
2016, an estimated 17.9 million people died from CVDs worldwide. 85% of those deaths were due to heart
attack and stroke 4,

The most important behavioural risk factors of CVDs are unhealthy diet patterns, physical inactivity, tobacco,
and excessive alcohol consumption ¥, and an estimated 80% of all cardiovascular diseases could be
prevented [**!.

It is well established that a diet high in saturated fat, trans-fatty acids, and salt, combined with a low intake
of fruits, vegetables, and fish increases the risk of cardiovascular diseases [**. Research focus on the
preventive effects of whole-grain intake is rather more recent.

Epidemiological evidence of whole grains and CVDs

The evidence presented here is based on:

1. Asystematic literature review and meta-analysis by Aune and colleagues, that includes a summary of
evidence gathered until April 3, 2016 ©'.

2. The WholEUGrain umbrella review including data from systematic reviews and meta-analyses of
prospective cohorts, conducted for the period April 4, 2016 through February 2020. For a detailed
description of search terms and inclusion criteria see Appendix B.

The flow chart of the search and selection of studies for the CVD section of the WholEUGrain umbrella
review is presented in Figure 3.3.1. A total of four new relevant publications were retrieved for this section,
of which two were good quality systematic reviews that included meta-analyses ”*® and two were
systematic reviews alone of fair quality **?%. A descriptive overview of the included studies is available in
Table E.1 in Appendix E.

2 Also referred to as coronary artery disease (CAD) or ischaemic heart disease [80].
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18 potentially relevant
publications identified

10 excluded on the basis of title and
abstract

Y

8 papersretrieved and
assessed in duplicate for
inclusion

4 articles identified by
searching reference lists of
the papers assessed for
inclusion and the Cochrane

library

8 excluded after full text analysis:

-1 repetition of latest know SLR &
meta-analysis (Aune et al. 2016)
-4 non-systematic reviews
-1 book chapter
-1did not access CVD events, only
biomarkers
-1 review of RCTs, not cohorts

4 new publicationsincluded

Figure 3.3.1 — Flow chart of the search for the CVD section in the WholEUGrain umbrella review.

Cardiovascular disease (overall risk)

The meta-analysis by Aune and colleagues confirmed conclusions of previous studies, showing that a high
intake of whole grains is associated with a lower risk of overall CVD (relative risk (RR) 0.84; 95% confidence
interval (Cl) 0.80-0.87]; 25,436 cases from 9 cohorts), with no heterogeneity . The summary RR for 90 g
whole-grain products/day (3 servings) confirmed this association (RR 0.78; 95% Cl 0.73-0.85; 26,243 cases
from 10 cohorts), and even though the strongest association was observed for an intake up to 50 g whole-
grain products/day (Pron-iinearity < 0.001, 9 cohorts), higher intakes up to 200 g whole-grain products/day (6.5
servings) were also associated with lower risk, with medium heterogeneity [©.

The WholEUGrain umbrella review identified two new references reviewing relevant data for overall risk of
CVD 819 One good quality meta-analysis showed an inverse association between the highest intake of
whole grains and the risk of CVD, without heterogeneity *®. This association was further confirmed by a
dose-response analysis that showed a 2% decrease in risk per 15 g whole-grain products a day (Table 3.3.1),
and very low, non-significant heterogeneity 8. However, it should be noted that results from this meta-
analysis are based on data from only three prospective studies, two of which already incur in the previous
review by Aune and colleagues (2016), as shown in figure 3.3.2. Hence, the similarity of results is explained
by the repetition of data sources.

33



Table 3.3.1 — Summary of findings from the included meta-analyses in the CVD section.

High vs. low analysis Dose-response analysis
No. of No. of RR |2 Phet Dose No. of No. of RR |2 Phet
cohorts | cases (95% Cl) value WG- cohorts | cases (95% Cl) value
products
(g/day)
Reynolds 3 4,357 0.89 0% | 0.684 15 3 4,357 0.98 15% 0.948
2019 (28] (0.81-0.98) (0.96-0.99)
Aune 9 25,436 0.84 0% | 0.48 90 10 26,243 0.78 40% 0.09
2016 16 (0.80-0.87) (0.73-0.85)

RR: relative risk; Cl: confidence interval; 12: heterogeneity; Phet: significance value for the heterogeneity level; WG-products: whole-grain products.

Furthermore, one fair quality systematic review was identified, that describes results from studies with
different types of outcomes, spanning between markers of metabolic risk to incidence and outcomes of CVD.
Of the 20 articles included in the review 17 found a significant inverse association between whole-grain
intake and at least one CVD-related outcome *°!. However, data stems from a mix of both prospective
cohorts and cross-sectional studies, and no dose-response meta-analyses were conducted.

Reynolds et al.
2019

Aune et al.
2016

Wang 2016
Huang 2015

Johnsen 2015
Wu (NHS-1) 2015
Wu (HPFS) 2015
Buil-Cosiales 2014

Sonestedt 2015

Buil-Cosiales 2016

Fitzgerald 2012

Jacobs 2007
Sahyoun 2006

Figure 3.3.2 — Prospective cohort studies included in the meta-analyses of data for cardiovascular diseases.

Coronary heart disease

The meta-analysis by Aune and colleagues confirmed conclusions of previous studies, showing that a high
intake of whole grains is associated with a lower risk of CHD (RR 0.79; 95% Cl 0.73-0.86; 6,713 cases from 6
cohorts) ®!. The summary relative risk for 90 g whole-grain products/day confirmed this association (RR 0.81;
95% Cl 0.75-0.87; 7,068 cases from 7 cohorts), and even though the strongest inverse association was found
from 0 to 90 g of whole-grain products per day (3 servings), the inverse association was also found for up to
210 g/day (7 servings) (Pron-inearity < 0.0001, 7 studies) ®'. The heterogeneity was low for these analyses.

The WholEUGrain umbrella review identified three new references reviewing relevant data /*°!. Two good
quality meta-analyses showed inverse associations between the highest intake of whole grains and the risk
of CHD %8 This association was further confirmed by dose-response analyses, that showed a decrease in
risk of CHD for each additional 15-30 g whole-grain products per day "¢ (Table 3.3.2), and there was also
evidence of a non-linear dose-response association in one of the studies *”. The risk of CHD decreased by

34



17% with increasing intake of whole grains up to ~100 g whole-grain products/day (Pron-iinearity < 0.001, 5
studies) *”). Heterogeneity was high in one of the meta-analysis *¥, but low to medium for the other 7.

Table 3.3.2 — Summary of findings from the included meta-analyses in the CHD section.

High vs. low analysis Dose-response analysis
No. of No.of | RR |2 Phet Dose No. of No.of | RR |2 Phet
cohorts cases (95% Cl) value WG- cohorts cases (95% Cl) value
products
(g/day)
Reynolds 6 7,697 0.80 79% <0.001 15 6 6,587 0.93 67% <0.001
2019 (18] (0.70-0.91) (0.89-0.98)
Bechthold 7 8,652 | 0.85 0% | 072 30 5 6,557 | 0.95 46% | 0.11
2019 1171 (0.81-0.90) (0.92-0.98)
Aune 6 6,713 0.79 0% 0.63 90 7 7,068 0.81 9% 0.36
2016 16 (0.73-0.86) (0.75-0.87)

RR: relative risk; Cl: confidence interval; 12: heterogeneity; Phet: significance value for the heterogeneity level; WG-products: whole-grain products.

However, it should be noted that data from the same four prospective cohorts is included in all the meta-
analyses summarized here, and data from one recent prospective cohort is included in two of them, as
shown in figure 3.3.3. Hence, the similarity of results might be driven by the use of some of the same data.

Bechtold et al.
2019

Aune et al.
2016

Sonestedt 2015

Wang 2016

Neelakantan 2016

Johnsen 2015
Jensen 2004

Jacobs 2007
Rautiainen 2012

Steffen 2003

Liu 1999
Helnaes 2016

Nettleton 2008

Reynolds et al.
2019

Figure 3.3.3 — Prospective cohort studies included in the meta-analyses of data for coronary heart disease.

One systematic review reported data from only one prospective study that found a lower risk of CHD
associated with a higher whole-grain intake **). However, the prospective study in case is also included both
in the WholEUGrain umbrella review and the review by Aune and colleagues (2016), hence not contributing
new data to the results already described.

Stroke

In the meta-analysis by Aune and colleagues, neither the high vs. low nor the dose-response analyses
showed a significant association with the risk of stroke [®/. However, the same study reported evidence of
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non-linearity between whole-grain intake and risk of stroke (p < 0.001) up to 120-150 g whole-grain

products/day ©.

Table 3.3.3 — Summary of findings from the included meta-analyses in the stroke section.

Reynolds
2019 (8]
Bechthold
2019 (7]
Deng
2017 (201 *
Aune
2016 [

High vs. low analysis

Dose-response analysis

No. of
cohorts

No. of RR |2 Phet Dose No. of No. of
cases (95% Cl) value WG- cohorts | cases
products
(g/day)
1,247 0.86 65% | 0.057 15 3 1,247
(0.61-1.21)
11,116 | 091 53% | 005 30 4 5,863
(0.82-1.02)
NR 0.83 NR NR - - -
(0.69-1.02)
1,885 0.87 32% | 021 90 6 2,337
(0.72-1.05)

RR
(95% Cl)

0.97
(0.92-1.02)

0.99
(0.95-1.03)

0.88
(0.75-1.03)

|2

70%

65%

56%

Phet
value

0.028

0.04

0.04

RR: relative risk; Cl: confidence interval; I2: heterogeneity; Prer: significance value for the heterogeneity level; WG-products: whole-grain products; NA:
not reported. * This is in fact the result for the MA performed by Mellen et al. (2008). Whole grain intake and cardiovascular disease: a meta-analysis.
Nutr Metab Cardiovasc Dis 18:283-290.

The WholEUGrain umbrella review identified three new references reviewing relevant data on strok

e [17,18,20] )

Two good quality meta-analyses showed a non-significant inverse association between the highest intake of

whole grains and the risk of stroke, with high heterogeneity between studies [*”*¢. This association was not

observed in neither the dose-response analyses (Table 3.3.3) nor the non-linear dose-response analyses.

However, it should be noted that data from three of the same prospective cohorts is included in both meta-

analyses identified by the WholEUGrain umbrella review and the meta-analysis by Aune and colleagues, as

shown in figure 3.3.4. Hence, the similarity of results might be driven by the use of some of the same data.

Bechtold et al.
2019

Aune et al.
2016

Hansen 2017

Muraki 2015

Wang 2016

Johnsen 2015 Sonestedt 2015

Jacobs 2007 Tektonidis 2015

Mizrahi 2009
Steffen 2003
Liu 2000

Reynolds et al.
2019

Figure 3.3.4 — Prospective cohort studies included in the meta-analyses of data for stroke.
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One systematic review reported the results of one meta-analysis? previously conducted by other authors,
that showed no association with the risk of stroke 2%

Heart failure
The review by Aune and colleagues from 2016 did not discuss the association between whole-grain intake
and heart failure.

The WholEUGrain umbrella review identified one reference reviewing relevant data *”!. This was a good
quality meta-analysis that showed an inverse association between the highest intake of whole grains and the
risk of heart failure, with low heterogeneity *”). This association was further confirmed by a dose-response
analysis, that showed a decrease in risk of heart failure for each additional 30 g of whole-grain products/day

(1 serving) without heterogeneity between the included studies (Table 3.3.4) 7).

Table 3.3.4 — Summary of findings from the included meta-analyses in the heart failure section.

High vs. low analysis Dose-response analysis
No. of No. of | RR |2 Phet Dose No. of No. of | RR |2 Phet
cohorts | cases (95% ClI) value WG- cohorts | cases | (95%Cl) value
products
(g/day)
Bechthold 5 6,455 0.91 35% 0.19 30 2 2,158 0.96 0% 0.36
2019 (17) (0.85-0.97) (0.95-0.97)

RR: relative risk; Cl: confidence interval; 12: heterogeneity; Phet: significance value for the heterogeneity level; WG-products: whole-grain products.

Mechanisms
There is a number of biologically probable mechanisms that can explain cardio-protective associations
observed with a higher whole-grain intake.

Fermentation of dietary fibre in the bowel

Whole grains and whole-grain products are rich in dietary fibre, which is fermented by the microbiota in the
bowel into short chain fatty acids (SCFAs) ?*??) Dietary fibre inhibits the reabsorption of bile acids in the gut,
which helps regulate cholesterol levels in the body 7). Of notice are B-glucans found in oats, a type of
soluble fibre particularly effective in reducing blood LDL-cholesterol, which may reduce the risk of CHD, and
are therefore appraised with an EU health claim 2%/, In addition, SCFAs inhibit cholesterol synthesis in the
liver, further contributing to a down-regulation of LDL-cholesterol levels in the body [©..

Antioxidant and anti-inflammatory properties

Whole grains are a good source of various bioactive compounds, like vitamins, minerals, phytoestrogens and
phenolic compounds, many of which have antioxidant properties 17?>?4 The antioxidant capacity of e.g.
phenolic compounds reduces the risk of several cardiovascular risk factors . Lower levels of
cardiovascular risk factors like hypertension, hypertriglyceridaemia, and lower concentrations of both total
and LDL-cholesterol have also been associated with higher whole-grain intake . Whole grains have further

b The meta-analysis in question had an “acceptable” quality score (5/11 on the AMSTAR-score).
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been associated with reduced levels of inflammatory markers and liver enzymes, which have been
associated with a lower risk of CVD as well ©®.

Glycaemic response

The high content of dietary fibre in whole grains regulates and improves the postprandial glycaemic
response, thus decreasing the development of insulin resistance, which is a risk factor for type 2 diabetes,
which in turn is a risk factor for CVD [®*78 A higher whole-grain intake has also been associated with higher
levels of the hormone adiponectin, which improves insulin sensitivity and reduces the level of low-grade
inflammation in the body °.

Adiposity requlation

An excessive accumulation of fat in the body increases the risk of CVDs in general ®\. The structure of whole
grains and their high dietary fibre content promote increased chewing and yield higher levels of satiation [*8.
Also, whole-grain foods typically have a lower energy density and help manage caloric intake ??. Previous
studies have also shown inverse associations between a high intake of whole grains and different adiposity
measures %2/, which could well be a direct effect of a high whole-grain intake since epidemiological evidence
most often has adjusted for body mass index (BMI), suggesting the association seen for whole grains is
independent of this adiposity measure [®. Additionally, an indirect effect of whole grains through the
displacement of unhealthy foods or drinks in the diet is also a possible explanation . For instance, Aune and
colleagues report that the inverse associations seen for CVD remain significant in studies that adjusted for
other known influential dietary components, like intake of red and processed meat, or sugar sweetened
beverages [°). However, we cannot exclude the possibility that high levels of whole-grain intake can also be
associated with better diet quality and an overall healthier lifestyle, which can contribute some confounding
to the results for whole grains alone %,

Conclusion —CVDs

The most comprehensive meta-analyses published in recent years confirm there is strong epidemiological
evidence that consumption of higher amounts of whole grains is associated with a lower risk of overall CVD
and CHD. The dose-response analyses further show that the biggest differences in risk are found for those
consuming at least one serving of whole grains (30 g whole-grain products/day) compared to those who
consumed none to very low doses, but with further risk reductions observable in those consuming up to
100-210 g whole-grain products/day (approximately 3-7 servings) "), Also, there is good evidence for the
mechanisms explaining this relationship in humans.

For heart failure not as much evidence is available so far, but one good quality meta-analysis with a high
number of cases indicates a possible risk reduction with a higher intake of whole grains *”. Further research
including data from more good-quality prospective studies is needed in order to substantiate these results.
For stroke the evidence is not clear, possibly due to a small number of studies conducted.
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3.4. TYPE 2 DIABETES

Background

Type 2 diabetes (diabetes mellitus) is a metabolic disorder generally characterized by insulin resistance, a
condition in which the body does not fully respond to insulin 1?°\. Due to the impaired insulin response, blood
glucose levels continue to rise, releasing even more insulin. In some cases this eventually exhausts the

pancreas and insulin production falls significantly, causing even higher blood sugar levels (hyperglycaemia)
[26]

Type 2 diabetes is the most common type of diabetes, and accounts for approximately 90% of all diabetes
cases [?!. The prevalence of type 2 diabetes has risen severely since 1980. In 2019, an estimated 463 million
adults worldwide lived with diabetes (both type 1 and type 2), and this number is projected to increase by
25% in 2030 1. Over time, this disease can cause damage to the heart, blood vessels, eyes, kidneys, and
nerves. Adults with diabetes have two to three times higher risk of suffering heart attacks and stroke %, and
diabetes also increases the risk of cancer 9.

The most important behavioural risk factors of type 2 diabetes are unhealthy diet patterns, physical
inactivity, excessive body fatness, and tobacco BY, and up to an estimated 80% of type 2 diabetes cases
could be prevented through healthy diet and regular physical activity 1?°.

A diet rich in dietary fibre from fruits, vegetables, and whole grains, as well as low intakes of saturated fat,
and added sugar, is recommended for the prevention of type 2 diabetes [?°. Research focus on the
preventive effects of whole-grain intake independent of dietary fibre is not altogether new.

Epidemiological evidence of whole grains and type 2 diabetes

The evidence presented here is based on:

3. A systematic literature review conducted under the scope of the Cochrane collaboration, that includes a
summary of evidence gathered until May 2006 7.

4. The WholEUGrain umbrella review including data from systematic reviews and meta-analyses of
prospective cohorts, conducted for the period May 2006 through February 2020. For a detailed
description of search terms and inclusion criteria see Appendix B.

The flow chart of the search and selection of studies for the type 2 diabetes section of the WholEUGrain
umbrella review is presented in Figure 3.4.1. A total of six new relevant publications were retrieved for this
section, of which five were systematic reviews that included meta-analyses: two of good quality *®3%, and
three of fair quality #333%. The sixth study was a systematic review alone of fair quality . A descriptive
overview of the included studies is available in Table E.2 in Appendix E. A summary of findings from the
included meta-analyses is presented in Table 3.4.1.

The Cochrane collaboration systematic review reported that five prospective cohort studies consistently
found that a high intake of whole grains was associated with lower risk of type 2 diabetes ). However, the
reviewers considered the evidence to be of week quality, and did not perform dose-response analyses with
the available data.
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12 potentially relevant
articles identified

6 articles identified by
manual search of reference [—————
lists

v

18 articles retrieved and

assessed in duplicate for
inclusion

12 articles excluded:

-5 non-systematic reviews
-1 book chapter

\ 4

-2 focus on mechanisms alone
-1 cohort
-3 funded by industry

6 articlesincluded

Figure 3.4.1 — Flow chart of the search for the type 2 diabetes WholEUGrain umbrella review.

Table 3.4.1 — Summary of findings from the included meta-analyses in the type 2 diabetes section.

High vs. low analysis Dose-response analysis
No. of No. of RR |2 Phet Dose No. of No. of RR |2 Phet
cohorts cases (95% Cl) value WG- cohorts cases (95% Cl) value
products
(g/day)
de Munter -- -- -- -- - 40 6 10,944 0.79 68% | 0.009
2007 331 (0.72-0.87)
Ye 2012 B4 6 NR 0.74 0% 0.44 - - - -- - -
(0.69-0.80)
Aune 2013 9 19,105 0.74 0% 0.43 90 10 19,829 0.68 82% | <0.0001
8] (0.71-0.78) (0.58-0.81)
5 13,857 0.69 58%  0.05
(0.60-0.80)
Adjusted
for BMI
0.53 88% <0.001
(0.41-0.69)
No BMI
adjustment
Schwing- 13 29,633 0.77 86% <0.00001 30 12 22,267 0.87 91% | <0.00001
shackl 2017 (0.71-0.84) (0.82-0.93)
[36]
Reynolds 8 14,686 0.67 82% <0.001 15 7 13,147 0.88 89% | <0.001
2019 28] (0.58-0.78) (0.81-0.95)

RR: relative risk; Cl: confidence interval; I2: heterogeneity; Pnet: significance value for the heterogeneity level; WG-products: whole-grain products; NR: not
reported.
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The WholEUGrain umbrella review identified 5 meta-analyses that show a significant lower risk of type 2
diabetes (21% to 33%) with the highest levels of whole-grain intake 8333436 with 2 of them finding no
heterogeneity for these results 3%, while the most recent meta-analyses did find considerable
heterogeneity (18333 These results were further confirmed by dose-response analyses performed in 4 of the
meta-analyses [18333¢ spanning from a 12% lower risk for an intake of 15 g whole-grain products/day (half
serving) & up to a 32% lower risk for an intake of 90 g whole-grain products/day (3 servings) . The
heterogeneity was high for all dose-response results found #8333 There was also evidence of a non-linear
dose-response association with inverse associations (25% to 28%) up to 50-60 g whole-grain products/day
(25% lower risk with Pron-inearity < 0.001, n=12 cohorts 1¢; 28% lower risk with Pron-iinearity < 0.0001, n=10
cohorts ) in two references of good quality.

The WholEUGrain umbrella review also identified one systematic review of fair quality, that did not conduct
a meta-analysis B>, This review reports that the results of six prospective cohorts indicate a consistent
inverse association between consumption of mixtures of whole grains and bran (five cohorts) or whole
grains alone (one cohort) and the risk of type 2 diabetes *°!. These results are in line with the findings of the
meta-analyses included in the WholEUGrain umbrella review.

The WholEUGrain project reviewed studies that had identified additional prospective cohorts and datasets
to the ones included in the Cochrane collaboration review, hence adding to the body of evidence regarding
whole grains and the risk of type 2 diabetes. At the same time, it should be noted that data reviewed stems
from many of the same prospective cohort studies, and several overlaps exist for all the meta-analyses (see
Table E.3 in Appendix E). Hence, the similarity of results between the different meta-analyses might be
driven by the use of much of the same data.

Mechanisms
There is a number of biologically probable mechanisms that can explain the type 2 diabetes-protective
associations observed with a higher whole-grain intake.

Glycaemic response

The high content of soluble dietary fibre, found especially in oats and rye, regulates and improves the
postprandial glycaemic response, thus decreasing the development of insulin resistance, which is a risk
factor for type 2 diabetes 8171834 A higher whole-grain intake has also been associated with higher levels
of the hormone adiponectin, which improves insulin sensitivity and reduces the level of low-grade
inflammation in the body [*.

Antioxidant and anti-inflammatory properties

Whole grains are a good source of various bioactive compounds, like vitamins, minerals, phytoestrogens and
phenolic compounds, many of which have antioxidant properties 17222434 and there is evidence suggesting
the pathogenesis of diabetes could be associated with increased oxidative stress . Whole grains have
further been associated with reduced levels of inflammatory markers and liver enzymes, that decrease the
risk of type 2 diabetes as well &
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Adiposity requlation

An excessive accumulation of fat in the body increases the risk of type 2 diabetes. The structure of whole
grains and their high dietary fibre content promote increased chewing and yield higher levels of satiation [*8.
In addition, whole-grain foods typically have a higher volume but lower energy density and help manage
caloric intake 22 Previous studies have also shown inverse associations between a high intake of whole
grains and different adiposity measures, including risk of weight gain over time 1?2/, which could well be a
direct effect of a high whole-grain intake since epidemiological evidence most often has adjusted for body
mass index (BMI), suggesting the association seen for whole grains is independent of this adiposity measure
(681 Furthermore, the greater content of dietary fibre in whole grains reduces the rate of gastric emptying
and increases faecal weight, which in turn may contribute to a lower risk of weight gain #%. Additionally, an
indirect effect of whole grains through the displacement of unhealthy foods or drinks in the diet is also a
possible explanation . However, we cannot exclude the possibility that high levels of whole-grain intake can
also be associated with better diet quality and an overall healthier lifestyle, which can contribute some
confounding to the results for whole grains alone 9!,

Conclusion — type 2 diabetes

The most comprehensive meta-analyses published in recent years confirm there is strong epidemiological
evidence that consumption of higher amounts of whole grains is associated with a lower risk of type 2
diabetes. Dose-response analyses further confirm this association, showing a significant lower risk for those
consuming at least half a serving of whole grains (15 g whole-grain products/day) compared to those who
consumed none to very low doses. Further risk reductions were observable in those consuming upto 90 g
whole-grain products/day (3 servings). In addition, there is fairly good evidence for the mechanisms
explaining this relationship in humans.

The current body of evidence for whole grains and the risk of type 2 diabetes builds up on data from a large
number of prospective studies. However, it should be noted that the consistency of results found in the
included meta-analyses might be driven by a repetition of data from several of the same prospective
cohorts.

3.5. CANCER

Background
Cancer is the common generic name for a large group of diseases characterized by the transformation of
normal cells into tumour cells in a tissue or organ that grow rapidly and can invade neighbouring organs or

even spread to other parts of the body 7.

Cancer is the second leading cause of mortality worldwide 7, and responsible for 20% of deaths in the
European region . In Europe 3.9 million new cancer cases were registered in 2018, and cancers of the
lung, breast and colorectum are the most common in this region B°'. However, an estimated 40% of all
cancer cases in Europe are attributable to potentially modifiable risk factors %, and could potentially be
prevented.
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It has previously been established that a high intake of dietary fibre is associated with a lower risk colorectal
cancer *! but only more recently has there been a more specific research focus on the preventive effects of
whole-grain intake alone P! In addition to dietary fibre, whole grains are also rich in bioactive compounds
(see Chapter 2) that may pose cancer preventive effects.

Epidemiological evidence of whole grains and cancer

The evidence presented here is based on:

5. The systematic literature review and meta-analysis by the World Cancer Research Fund’s Continuous
Update Project (CUP report), that includes a summary of evidence gathered until April 2015 4%,

6. The WholEUGrain umbrella review including data from systematic reviews and meta-analyses of
prospective cohorts, conducted for the period May 1, 2015 through February 2020. For a detailed
description of search terms and inclusion criteria see Appendix B.

The flow chart of the search and selection of studies for the WholEUGrain project cancer section is
presented in Figure 3.5.1.

A total of five relevant publications were retrieved for this section, of which four were systematic reviews
that included meta-analyses *8244344 and one was a systematic review alone ??. Of these, one was of good
quality 8, and four were of fair quality 22?4344 A descriptive overview of the included studies is available in
Table E.4 in Appendix E.

The results reported by these recent publications show that data regarding the intake of whole grains and its
potential preventive effects for some types of cancer continues to emerge and add to previously available
data. However, the available data is still limited to just a few cohorts, and the meta-analyses we found
included a mix of data from both prospective cohorts and case-control studies.

Breast and female reproductive cancers
The WCRF’'s CUP reports did not discuss the association between whole-grain intake and breast and female
reproductive cancers, since there were either too few studies providing relevant data, or the available data

was either too inconsistent or of too low quality 4>,

For breast cancer, the WholEUGrain umbrella review identified two references reviewing relevant data
(22.24]c A systematic review conducted in 2016 identified three prospective cohort studies, but no significant
associations between whole-grain intake and risk of breast cancer were found 2%

The evidence reviewed by a systematic review and meta-analysis published in 2018 indicates a preventive
effect of a higher intake of whole grains, and a dose-response analysis found a statistically significant 17
percent decrease in risk of breast cancer per 50 grams increase in whole grains® consumed per day (relative
risk [RR] 0.83; 95% Cl 0.73-0.93]; 4,757 cases from 3 cohorts, and 978 cases from 3 case-control studies) 4.
However, the heterogeneity for this analysis was high (1> = 70.5%), probably due to the mix of results from

both cohorts and case-control studies. Furthermore, when separate analyses were conducted for cohort and

¢ The systematic review by Schwingshackl et al. (2017) is mainly focused on the preventive effects of the Mediterranean Diet. In this
study, a meta-analysis was conducted with data from a sub-group of nine studies (seven cohorts and two case-control studies)
reporting specifically on the intake of whole grains 1431,

91t was unclear whether this result is reported as 50 g of pure whole grains (ingredients) or as 50 g of whole-grain products.

43



case-control studies, the results were non-significant for the meta-analysis of cohort studies (see Table
3.5.1). This indicates that the inverse associations obtained are mainly driven by results from case-control
studies, which are more prone to bias than cohort studies (e.g. recall bias). Hence, further data from cohort
studies is needed, before firm conclusions regarding the preventive potential of whole-grain intake for
breast cancer can be established.

18 potentially relevant
publications identified

10 excluded on the basis of title and

abstract

A 4

8 papers retrieved and
assessed in duplicate for
inclusion

4 articles identified by
searching reference lists of
the papers assessed for
inclusion and the Cochrane
library

8 excluded after full text analysis:

-1 repetition of latest know SLR &
meta-analysis (Auneet al. 2016)

»| -4 non-systematic reviews

-1 book chapter

-1did not access CVD events, only
biomarkers

-1 review of RCTs, not cohorts

4 new publicationsincluded

Figure 3.5.1 — Flow chart of the search for the cancer section of the WholEUGrain umbrella review.

For endometrial cancer, the WholEUGrain umbrella review identified a systematic review from 2016

including 2 prospective cohort studies (382 cases from an American cohort, and 217 cases from a Danish
cohort), but no significant associations between whole-grain intake and risk of endometrial cancer were
found 22,

The WholEUGrain umbrella review did not identify references that reviewed the association between whole-
grain intake and risk of other female reproductive cancers, like ovarian or cervical cancers.

Genitourinary cancers
The WCRF’'s CUP report did not discuss the association between whole-grain intake and genitourinary
cancers, since there were too few studies providing relevant data, or the available data was either too

inconsistent or of too low quality *>°°-%2,
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Table 3.5.1 — Summary of findings from the included meta-analyses regarding breast cancer.

High vs. low analysis Dose-response analysis
No. of No. of RR |2 Phet Dose No. of No.of | RR |2 Phet
studies cases (95% Cl) value WG- studies cases (95% Cl) value
products
(g/day)
Xiao 4 cohorts 5,734 0.96 66.7% 0.029 - - - - -~ -~
2018 [24] (0.82-1.14)
5,855 0.69 58.2% 0.026 — - . _ - _
case- (0.56-0.87)
control
11 11,589 0.84 63.8% 0.002 50 * 63 5,735 0.83 70% 0.005
(4 cohorts (0.74-0.96) cohorts + (0.73-0.93)
+ 3 case-
7 case- control)
Highest vs. lowest
control)
0.85 66.6% 0.001 — - - - _ -
(0.76-0.95)
Intermediate vs. lowest
0.90 0% 0.525 — - - _ _ -
(0.86-0.95)

RR: relative risk; Cl: confidence interval; I: heterogeneity; Pret value: significance value for heterogeneity; WG-products: whole-grain products. *It is
unclear whether this result is reported as 50 g of pure whole grains (ingredients) or as 50 g of whole-grain products.

The WholEUGrain umbrella review identified one reference that reviewed the evidence for kidney cancer
(renal cell carcinoma). This systematic review from 2016 identified one prospective study that found a
statistically significant 16% lower risk of renal cell carcinoma for participants in the highest vs. lowest quintile
of whole-grain consumption (hazard ratio [HR] 0.84; 95% Cl 0.73-0.98, p = 0.05; 1,816 cases) 1%\

The same review identified three prospective cohort studies evaluating the risk of prostate cancer in relation
to whole grains. Two of the studies reported null associations, and one study found a 13% higher risk of
prostate cancer with a higher consumption of whole grains (RR/HR 1.13; 95% CI 1.03-1.24, p = 0.001; 5,112
cases) 2. The evidence reviewed by a systematic review and meta-analysis published in 2019 found a 10%
increase in the risk of prostate cancer for participants in the highest vs. lowest quintile of whole-grain
consumption (RR 1.10; 95% Cl 1.02-1.19; 7,010 cases) 1*® (see Table 3.5.2). However, this good quality
review pinpoints that the certainty of such results is low so far, due to the limited number of cohorts
included 8,

None of the identified references from the WholEUGrain umbrella review had gathered evidence for neither
bladder cancer nor cancers of the testicle and penis.

Table 3.5.2 — Summary of findings from the included meta-analyses regarding prostate cancer.

Highest vs. lowest Dose-response analysis
No. of No.of | RR |2 Phet Dose No. of No.of | RR |2 Phet
studies cases (95% Cl) value WG- studies cases (95% Cl) value
products
(g/day)
Reynolds 3 7,010 @ 1.10 0% 0.497 - - - - - -
2019 [18] cohorts (1.02-1.19)

RR: relative risk; Cl: confidence interval; I>: heterogeneity; Pner value: significance value for heterogeneity WG-products: whole-grain products.
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Gastrointestinal cancers

The WCRF’'s CUP report did not discuss the association between whole-grain intake and the majority of
gastrointestinal cancers, since there were too few studies providing relevant data, or the available data was
either too inconsistent or of too low quality *>°3=7). For the WCRF’s CUP report results on the association
between whole-grain intake and colorectal cancer see further below.

The WholEUGrain umbrella review identified one systematic review reporting evidence for a protective

effect of whole grains on upper aerodigestive tract cancers (oesophagus and stomach cancers), but data was
[22]

provided for one cohort alone (n=169 cases)

For pancreatic cancer, the WholEUGrain umbrella review identified one systematic review and meta-

analysis. The evidence reviewed indicates a preventive effect of a higher intake of whole grains 4. However,
when separate analyses were conducted for cohort and case-control studies, the results were non-significant
for the meta-analysis of the only cohort study included “*! (see Table 3.5.3). This indicates that the positive
results obtained are mainly driven by results from case-control studies, and the need for further data from
cohort studies, before firm conclusions regarding the preventive potential of whole grains for pancreatic
cancer can be established.

The WholEUGrain umbrella review identified one systematic review reporting no statistically significant
association between whole grains and small intestine cancer, but the evidence is built solely upon the results

of one prospective cohort 1?2,

The WholEUGrain umbrella review did not retrieve any references reviewing evidence for cancers of the
liver, spleen, gallbladder nor anus.

In 2018, the latest review of the association between whole-grain intake and cancer risk by the WCRF's CUP
report concluded there is strong evidence that whole grains decrease the risk of colorectal cancer . The

meta-analysis performed under the scope of the CUP report showed a significant 17% decrease in risk per 90
g of whole-grain products/day (RR 0.83; 95% CI 0.78-0.89; 8,320 cases) with low heterogeneity ©°'.

The WholEUGrain umbrella review identified one systematic review reporting evidence regarding colorectal
cancer. This study reports a statistically significant 6%-53% reduction in colorectal cancer risk in 4 out of 7
prospective cohorts with higher intake of whole grain %2/, A systematic review and meta-analysis from 2019
showed a statistically significant reduction (13%) in colorectal cancer risk for participants in the highest vs.
lowest quintile of whole grain consumption (RR 0.87; 95% CI 0.79-0.96; 8,803 cases), but the quality of the
evidence was considered low by the study’s authors 18,

However, it should be noted that data from the cohorts included in these studies is already included in the
WCRF’s CUP report >4°1. Hence, no new evidence for the relation between whole grain intake and colorectal
cancer risk was found through the WholEUGrain umbrella review.
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Table 3.5.3 — Summary of findings from the included meta-analyses regarding gastrointestinal cancers.

High vs. low analysis Dose-response analysis
No. of No.of | RR |2 Phet Dose No. of No.of | RR |2 Phet
studies cases (95% Cl) value WG- studies cases (95% Cl) value
products
(g/day)
Colorectal cancer Highest vs. lowest
Reynolds 7 8,803 0.87 51.8% 0.053 15 8 6,056 0.97 45% | 0.009
2019 18] cohorts (0.79-0.96) (0.95-0.99)
CUP 13 8,081 0.922 NA NA 90 6 8,320 0.83 18% | 0.295
Colorectal | cohorts (0.84-1.00) (0.78-0.89)

SLR 2016
[5]

Pancreatic cancer

Lei 2016 1 cohort = 163 OR:1.23 NA NA - . - - .
[44] (0.73-2.05)
4 2,385 OR:0.72 0% 0.872 - - - - .
case- (0.60-0.85)
control
5(1 2,548 OR: 0.76 11.7% 0.339 - - - - .
cohort + (0.64-0.91)
4 case-
control)

RR: relative risk; Cl: confidence interval; I: heterogeneity; Prer value: significance value for heterogeneity; WG-products: whole-grain products; NR: not

reported; OR: odds ratio.

Head and neck cancers
The WCRF’'s CUP report did not discuss the association between whole-grain intake and head and neck
cancers, since there were too few studies providing relevant data, or the available data was either too

inconsistent or of too low quality [#>°8>9,

The WholEUGrain umbrella review identified one systematic review reporting evidence suggestive of a
protective effect of whole grains on head and neck cancers, but data stems from only two cohorts (2,036
cases), and results were not significant for men 2.

Hematologic cancers
The WCRF’'s CUP report did not discuss the association between whole-grain intake and hematologic
cancers, since there were too few studies providing relevant data, or the available data was either too

inconsistent or of too low quality 1+,

The WholEUGrain umbrella review identified one systematic review that included one prospective cohort

study focusing on the preventive effects of whole grains for hematologic cancers, but a null association was

reported for non-Hodgkin’s lymphoma 2%

Total cancer
For total cancer, the evidence reviewed under the scope of the WholEUGrain umbrella review indicates a

preventive effect of a higher intake of whole grains, based on a meta-analysis of 7 cohort studies (number of

cases not reported) and 2 case-control studies (652 cases) “*!. Once more, the results are from a meta-
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analysis where data from both cohort studies and case-control studies are pooled, but no separate analyses
were performed, and the number of cases from cohort studies was not reported, making it difficult to assess
what type of data might drive the results obtained. Also, the data comes from cohorts reporting several
types of cancer, and as such we are not able to assess whether data from cohorts reporting more common
cancer types (e.g. colorectal or breast cancer) are the driver for these results. Hence, we need further good
quality data and analyses from a larger number of cohorts before firm conclusions can be established.

Table 3.5.4 — Summary of findings from the included meta-analyses for total cancer.

High vs. low analysis Dose-response analysis
No. of No. of | RR |2 Phet Dose No. of No.of | RR |2 Phet
studies cases (95% Cl) value WG- studies cases (95% Cl) value
products
(g/day)
Schwingshackl | 9 NA 0.91 31% | NR -- -- -- -- -- --
2017 [43] (7 cohorts (0.87-0.95)
+ 2 case-

control)
RR: relative risk; Cl: confidence interval; I2: heterogeneity; Prer value: significance value for heterogeneity; WG-products: whole-grain products; NA:

not available; NR: not reported.

Mechanisms

There is a number of biologically probable mechanisms through which the consumption of whole grains may
contribute to a decreased risk of cancer development. Overall, we agree with the WCRF’s assessment ) that
there is plausible mechanistic evidence for a preventive effect of whole grains on colorectal cancer. Possible
mechanistic pathways related to other forms of cancer are also briefly described, but the data is limited.

Dietary fibre content and fermentation in the bowel

Whole grains and whole-grain products are rich in dietary fibre, which is fermented by the microbiota in the
bowel into SCFAs ?*22_SCFAs like butyrate have shown anti-proliferative effects in experimental studies,
which could explain their contribution for the prevention of colorectal cancer 2. Furthermore, SCFAs
influence the metabolism of both glucose and lipids, and stimulate the production of gut hormones (like
peptide-tyrosine-tyrosine and GLP-1) that increase gastrointestinal transit time and increase faecal bulk
(65,18.21.22] This reduces the interaction time of faecal mutagens with the colon mucosa, and reduces the
production of secondary bile acids, which in turn reduces cell proliferation and the chance of mutations 24
Dietary fibre can also bind and dilute carcinogens, as well as remove damaged cells from the digestive tract
(622241 Additionally, dietary fibre can bind oestrogens in the colon increasing the faecal excretion of these

components, which might contribute to a reduction of risk for breast cancer 4.

Glycaemic response

Whole grains improve the glycaemic response, and this decreases the development of insulin resistance,
which is a risk factor for colorectal cancer !. Also, an association between higher levels of serum insulin and
breast cancer has been observed in epidemiological studies 4.

Bioactive compounds

Whole grains are a good source of various bioactive compounds, many of which have plausible
anticarcinogenic properties . These include vitamins (e.g. vitamin C, vitamin E, and B-carotene) and
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minerals (e.g. selenium, zinc, copper, and manganese) are components of enzymes with antioxidant
functions, for instance by preventing the formation of carcinogens or blocking interactions between
carcinogens and the cells ?>?%. Other bioactive compounds include essential non-nutrients like lignans,
phytoestrogens, and phenolic compounds, that also act as antioxidants, inhibit cell proliferation and

angiogenesise, and even induce cell apoptosis§ 24,

Hormone requlation

Whole grains may also play a role in hormone regulation. For instance, phytoestrogens (e.g. lignans and
isoflavones) regulate the production and metabolism of sex hormones, which results in a reduction of
circulating oestrogen levels, inhibition of tumour initiation and growth, and a reduction in early markers of
risk for mammary and colon carcinogenesis 22/, Whole grains have also been associated with reduced levels

of inflammatory markers and liver enzymes, which in turn are associated with a lower risk of cancer [®24.

Adiposity requlation

An excessive accumulation of fat in the body increases the risk for several cancer forms. Whole grains might
play a role in the regulation of adiposity, hereby contributing to an indirect reduction in the risk of adiposity-
related cancers 2. The structure of whole grains and their high dietary fibre content promote increased
chewing and yield higher levels of satiation *®. Also, whole-grain foods typically have a lower energy density
and help manage caloric intake ??. Previous studies have also shown inverse associations between a high
intake of whole grains and different adiposity measures 1?2\,

Conclusion — cancer

Based on the current body of evidence for whole grains and the risk of cancer, there is strong evidence of a
protective role of whole grains for colorectal cancer based both on the WCRF’s conclusion and the
WholEUGrain umbrella review. This conclusion is based on consistent data from several prospective cohort
studies that show a statistically significant and clear dose-response relationship showing a decreased risk of
cancer with increased consumption of whole grains, with low heterogeneity. Also, there is robust evidence
for the mechanisms explaining this relationship in humans.

There is, so far, not enough data to draw conclusions regarding a potential protective effect of whole grains
and the risk of other types of cancer.

3.6. MORTALITY

Background

The establishment of nutrition guidelines and quantitative recommendations regarding the intake of whole
grains is guided by an evaluation of the health benefits and potential disease-preventive effects associated
with the consumption of whole grains. A potential risk reduction in all-cause mortality is an integral part of
such an evaluation, since it is closely intertwined with the previously reviewed risk reductions of disease

€ Angiogenesis is the process by which new blood vessels form from pre-existing vessels. It is a normal and vital process, e.g. in
growth and development, as well as in wound healing. However, it is also a crucial step in the transition of tumours from a benign to
a malignant character (811,

fProgrammed cell death.
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incidence of major NCDs like CVD, cancer, and type 2 diabetes. For instance, the Global Burden of Disease
(GBD) study estimated that a diet low in whole grains resulted in more than 260,000 avoidable deaths from
all causes in 2017 in the EU, of which a vast majority is due to CVDs ). Low whole-grain intake was, in this
study, considered the leading dietary risk factor for mortality in both Eastern and Western Europe, and was
surpassed only in Central Europe by a high intake of sodium ¢!,

Epidemiological evidence of whole grains and mortality

The evidence presented here is based on:

7. A systematic literature review and meta-analysis by Aune and colleagues, that includes a summary of
evidence gathered until April 3, 2016 ©.

8. The WholEUGrain umbrella review including data from systematic reviews and meta-analyses of
prospective cohorts, conducted for the period April 4, 2016 through February 2020. For a detailed
description of search terms and inclusion criteria see Appendix B.

The flow chart of the search and selection of studies for the WholEUGrain umbrella review is presented in
Figure 3.6.1.

11 potentially relevant
articles identified

3 articles identified by
manual search of _—
reference lists

A 4

14 articles retrieved and
assessed in duplicate for
inclusion

5 articles excluded:

-1 repetition of latest know SLR &
meta-analysis (Aune et al. 2016)
-2 duplicates

-1 non-relevant outcomes

-1 cohort

A 4

A\ 4

9 articlesincluded

Figure 3.6.1 — Flow chart of the search for the mortality section of the WholEUGrain umbrella review.

A total of nine new relevant systematic reviews including meta-analyses were retrieved for this section, eight
of which were of good quality 83261768 and one of fair quality *”!. A descriptive overview of the included
studies is available in Table E.5 in Appendix E. A summary of findings from the included meta-analyses is
presented in Table 3.6.1.
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Table 3.6.1 — Summary of findings from the included meta-analyses in the mortality section.

High vs. low analysis Dose-response analysis

No. of No. of RR |2 Phet Dose No. of No. of RR |2 Phet

cohorts deaths (95% Cl) value WG- cohorts deaths (95% Cl) value

products
(g/day)
Zong 2016 | 12 97,870 0.84 74% <0.001 70 8 84,984 0.78 NR NR
i61] (0.80-0.88) (0.74-0.82)
Chen 12 96,218 0.83 71% <0.001 50 10 100,653 | 0.78 94% <0.001
2016 [62] (0.80-0.88) (0.67-0.91)
Wei 2016 11 94,638 0.87 67% <0.001 90 9 92,647 0.81 79% <0.001
1631 (0.84-0.90) (0.76-0.85)
Li2016 64 | - - - - - 30 10 92,647 0.93 79% <0.001
(0.91-0.95)

Ma 2016 10 91,591 0.82 77% <0.001 30 10 99,224 0.93 92% <0.001
1651 (0.78-0.87) (0.89-0.97)
Benisi- 11 92,288 0.87 57% 0.006 90 5 79,831 0.83 56% <0.001
Kohansal (0.84-0.91) (0.79-0.88)
2016 €6l
Schwing- 19 121,141 | 0.88 91% <0.001 30 11 94,128 0.92 80% <0.001
shackl (0.84-0.92) (0.89-0.95)
2017 32
Zhang 9 84,464 0.84 47% 0.055 28 9 84,464 0.91 NR NR
2018 671 (0.81-0.88) (0.90-0.93)
Reynolds 9 99,224 0.81 97% <0.001 15 7 88,348 0.94 80% <0.001
2019 18] (0.72-0.90) (0.92-0.95)
Aune 9 89,534 0.82 83% <0.001 90 11 100,726 | 0.83 83% <0.001
2016 6 (0.77-0.88) (0.77-0.90)

RR: relative risk; Cl: confidence interval; 12: heterogeneity; Pret Value: significance level for heterogeneity; WG-products: whole-grain
products; NR: not reported.

The systematic literature review and meta-analysis by Aune and colleagues reported a 17% lower risk for all-
cause mortality for a whole-grain intake of 90 g whole-grain products/day (3 servings), with high
heterogeneity [®\. The authors further found a significant non-linear risk reduction, with steeper reductions in
risk observed at lower intakes, but the highest risk reduction of 30% was observed for an intake of 225 g
whole-grain products/day (7,5 servings) ©.

The WholEUGrain umbrella review identified eight meta-analyses that compared a high versus a low whole-
grain intake. All 8 meta-analyses showed a consistent and significant lower all-cause mortality (12% to 19%)
with the highest versus the lowest levels of whole-grain intake, with moderate heterogeneity for the results
of 1 study [®”, but high heterogeneity for the remaining 7 studies (183261636566 These findings were further
confirmed by all 9 dose-response analyses performed 1#3261°%7] ‘spanning from a 6% lower risk for a whole-
grain intake of 15 g whole-grain products/day (half serving) &, up to a 17-19% lower risk for a whole-grain
intake of 90 g whole-grain products/day (3 servings) [>¢®. The heterogeneity was high for nearly all dose-
response results, albeit not reported for 2 of the studies (see Table 3.6.1).

Seven of the included meta-analyses reported results for non-linear dose-response calculations. One
reference found no evidence of a non-linear relation [°®". The remaining 6 studies reported evidence of a
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non-linear dose-response association with lower mortality risk 18326264671 with as much as 25-42% lower risk

of mortality for intakes of 100-168 g whole-grain products/day in 2 studies 3267,

These findings are in line with the results from Aune and colleagues (2016). However, it should be noted that
data from included in the meta-analyses retrieved under the scope of the WholEUGrain project review
above stems from many of the same prospective cohort studies, and several overlaps exist for all the meta-
analyses, as well as with the meta-analysis by Aune and colleagues (see Table E.6 in Appendix 6). Hence, the
similarity of results between the different meta-analyses might be driven by the use of much of the same
data.

Conclusion — mortality

The WholEUGrain umbrella review gathered good quality and comprehensive meta-analyses published in
recent years that confirm previous results showing there is strong evidence that a high whole-grain intake is
associated with a lower risk of overall mortality. Dose-response analyses further confirm the robustness of
this association, showing that the highest benefit was found for an increase from no intake to low intake
levels. Looking at higher intakes of up to 5.5 servings/day (165 grams of whole-grain products), there was
still an association, although not as strong, which is very much in line with the results previously reported by
Aune and colleagues (2016), and confirming that added benefits are observed for higher intakes of whole
grains.

The current body of evidence for whole grains and the risk of all-cause mortality builds up on data from a
large number of prospective studies. However, it should be noted that the consistency of results found might
be driven by a repetition of data from several of the same prospective cohorts.

3.7. OVERWEIGHT

Background

Overweight and obesity are defined by an excessive accumulation of fat in the body that may impair health
I Overweight and obesity pose one of the greatest public health challenges of the 21% century, as they
cause several physical disabilities and psychological problems, but also because these conditions significantly
increase the risk of developing serious NCDs, like cancer, CVDs, and type 2 diabetes [¢%.

The prevalence of overweight and obesity in the WHO European Region has been steadily increasing over
the last 4 decades, with an average of 39% for overweight among adults in 1975 rising to 59% in 2016
(range: 45-67%) [%°. For obesity the average rose from 10% in 1975 to 23% in 2016 (range: 14-32%) "%,
Overweight and obesity among children in the WHO European Region is unequally distributed between and
within countries and population groups. But although a decrease in the prevalence of both overweight and
obesity was documented between 2007 and 2017 among school children 6-9 years old in some countries
(e.g. Greece, Italy, Portugal and Slovenia), several other countries report opposite trends 7%

Thus, prevention of overweight and obesity is paramount, and a multitude of strategies must be considered

to help maintain a healthy weight among both adults and children.
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An important contributor to weight gain is a long-term imbalance between energy intake and energy
expenditure. A diet characterized by a low intake of high-energy-dense foods (e.g. sugar-sweetened
beverages and highly processed foods) and a high intake of fruit, vegetables and whole-grain products (low-
energy-dense foods) is known to counteract such an energy imbalance, and to be associated with lower risk
of weight gain over time 72,

It has long been hypothesized that a high whole-grain intake might play a crucial role in the maintenance of a
stable weight and lower adiposity measures (e.g. BMI, body fat mass, waist circumference), but overall
evidence seems inconsistent.

The latest review of the association between whole-grain intake and risk of weight gain performed by the
World Cancer Research Fund International found there is limited but suggestive evidence that whole grains
decrease the risk of weight gain .

Epidemiological and trial-based evidence for whole grains and overweight

The evidence presented here is based on:
1. The systematic literature review by the World Cancer Research Fund’s Continuous Update Project
(CUP report), that includes a summary of evidence gathered until August 2016 /.
2. The WholEUGrain umbrella review including reviews of data from both prospective cohorts and
randomised controlled trials (RCTs), conducted for the period September 2016 through December
2020. For a detailed description of search terms and inclusion criteria see Appendix B.

The flow chart of the search for the overweight section is presented in Figure 3.7.1.

A total of seven new relevant publications were retrieved in this literature search, of which three were good
quality systematic reviews that included meta-analyses #2*73 one was a systematic review alone of good
quality /4, one was an umbrella review of meta-analyses of fair quality >, and two were fair quality
systematic reviews that included meta-analyses ®””. A short description of characteristics of the included
studies is available in Table E.7 in Appendix E.

The results presented concern evidence regarding effects and associations observed for adults, unless
otherwise described.

Weight changes

The CUP report identified 2 meta-analyses of RCTs evaluating the effect of whole-grain intake in weight
changes. One reported a protective effect, and the other a negative effect, but none was statistically
significant ).
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17 potentially relevant
articles identified

1 article identified by
manualsearch of | ———
reference lists

A 4

18 articles retrieved and
assessed in duplicate for
inclusion

11 articles excluded:

-5irrelevant outcome measures
-4 no specific analyses for WG or
"|WG-products, or analyses of
broader dietary patterns

-1 non-sytematic review

-1 datafrom cross-sectional
studies

7 articlesincluded

Figure 3.7.1 — Flow chart of the search for the overweight section of the WholEUGrain umbrella review.

The WholEUgrain umbrella review identified five systematic reviews including meta-analyses of RCTs
assessing the effect of whole-grain intake on weight changes (see Table 3.7.1). Two meta-analyses showed
significant but very small reductions in body weight (under 0.65 kg) for intervention groups with a high
intake of whole-grain products with medium heterogeneity 7% while 3 meta-analyses reported minimal
but non-significant reductions in body weight (under 0.1 kg) 12%7>77!.

Table 3.7.1 — Summary of findings from the included meta-analyses of RCTs evaluating body weight
changes.

High vs. low analysis

No. of RCTs No. of subjects RR (95% Cl) |2 Phet
in the MA value
Wang 2020 [76) 19 Int. = 767 + Cont. = 763 MD = - 0.50 kg (-0.74, -0.25) 35% 0.07
Sadeghi 2020 (21] 19 T=1,698 WMD =-0.09 (-0.26, 0.07) 0% 0.99
Maki 2019 771 9 Int. =472 + Cont. = 501 SMD =-0.049 kg (-0.297, 0.199) 71.5% 0.698
Reynolds 2019 (18] | 11 Int. = 498 + Cont. = 421 MD =-0.62 kg (-1.19, -0.05) 50% 0.03
McRae 2017 75 26 T=2,060 WMD =-0.06 kg (-0.09, 0.20) 0% 0.45
Pol et al. 2013

RCT: randomised controlled trial; MA: meta-analysis; Int.: intervention arm; Cont.: control arm; T: total population; RR:
relative risk; Cl: confidence interval; 12: heterogeneity; Pret value: significance value for heterogeneity; MD: mean
difference; WMD: weighted mean difference; SMD: standardized mean difference.

The CUP report also reviewed results of two prospective cohorts, of which one reported significant inverse

trends for odds of weight gain when comparing the highest and lowest categories of whole-grain intake. The
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other cohort found a non-significant lower relative risk of overweight among participants consuming more
than 30 g per day (one serving) of whole-grain cereal when compared to participants who rarely or never
consumed it .

The WholEUgrain umbrella review identified three reviews of prospective studies assessing risk of weight
gain over time (see Table 3.7.2). One meta-analysis found a 