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Preface

A varied, well-balanced and generally healthy diet has a very important influence on the health
of the Swiss population. However, the definition of a standardized "healthy diet" is difficult and
depends on various factors, such as the quality and type of individual food components, their
quantity and the distribution within the menu. Furthermore, the definition of a "healthy diet"
differs between various population groups - depending on age, weight and state of health, as
well as accompanying diseases. For example, the consumption of a piece of chocolate can
be considered healthy. However, as Paracelus already described in 1538 ("All things are poi-
son, and nothing is without poison; only the dose makes a thing not be a poison"), chocolate
also has a similar dosage/effect ratio as most foods, such as meat, coffee and many more.
This complex issue raises the question of how to provide the Swiss population with generally
valid recommendations for a healthy diet, which can be implemented in everyday life and
reflect the latest findings from scientific studies. This is the objective of the Swiss Food Pyra-
mid which provides recommendations for a balanced diet for healthy adults and illustrates in
a simple and understandable way how much of which food group is needed.

The first food pyramid was published in 1998 by the former Swiss Association for Nutrition
(SVE, now Swiss Society for Nutrition), modelled on the American food pyramid of the United
States Department of Agriculture of 1992. In order to take account of new scientific findings
and evolving design expectations, the food pyramid was revised twice in 2005 and 2011. In
recent years, new findings from epidemiological studies have been summarised in the form
of systematic reviews and meta-analyses, prompting the Federal Nutrition Commission (EEK)
to mandate a further revision of the scientific basis for the food pyramid under the leadership
of Prof Luc Tappy and eight other authors. The revision focuses on the evaluation of the
current recommendations from the point of view of the prevention of non-communicable dis-
eases. The different levels of the pyramid were revised, based on selected food groups such
as fluids, incl. coffee, fruit and vegetables, sweetened beverages, starch-containing products,
dairy products, vegetable proteins, fats and oils and nuts. Some new findings have emerged,
such as the preventive role of nuts, hence the recommendation to reclassify them at the level
of fruits and vegetables.

Many people in Switzerland are motivated to follow a healthy diet, i.e. a diet that will keep
them healthy. This FCN (EEK) report summarises current scientific knowledge and is intended
to provide the basis for a revision of the nutritional recommendations, which can be translated
into a revised food pyramid, as an aid to making healthy dietary choices. The pyramid should
provide valuable nutritional recommendations in simple form. Furthermore, the pyramid
should offer objective information to interested readers about the potential health benefits and
risks of individual food groups. In this way the pyramid can be a tool in fulfilling one of the
goals of the Federal Nutrition Strategy, i.e. to increase the nutritional competence of the pop-
ulation.

Beatrice Baumer

President of the FCN (2016-2019), ZHAW, Department Life Sciences and Facility Manage-
ment, 8820 Wadenswil

& Philipp Schiitz

Designated president of the FCN (from 2020), Medizinische Universitatsklinik Kantonsspital
Aarau

Bern, December 2019
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1 Introduction

Noncommunicable diseases (NCDs), such as cardiovascular diseases, type 2 diabetes melli-
tus, or cancers are highly prevalent in Switzerland as in most countries worldwide. These
NCDs not only strain affected individuals and their relatives, but also have also important
consequences on work productivity and overall economy, and represent a major burden on
our health care system. It is well documented that a wide range of factors, including genetic,
environmental, and life style factors determines the risk of developing NCDs. Among the latter
protective behavioural factors are abstention from smoking, maintaining an adequate level of
physical activity and body weight and ensuring an adequate intake of foods and essential
nutrients. This implies that the incidence and prevalence of NCDs may be significantly re-
duced, and the age at which NCDs develop may be significantly delayed by interventions
aimed at improving the lifestyle at population level. The main primary prevention intervention
at nutritional level relies on the Swiss Food pyramid as a tool to inform the generally healthy
adult population of what constitutes a healthy food pattern. The pyramid depicts recom-
mended food intakes based on the frequency of consumption of basic food groups, e.g. bev-
erages, fruits and vegetables, grain, potatoes and pulses, etc., and was last updated in 2016.
The Federal Commission for Nutrition (FCN) was asked by the Swiss Federal Food Safety
and Veterinary Office (FSVO) to reappraise the scientific evidence linking consumption of
foods from specific food groups to NCDs, and to assess whether changes to the Swiss Food
Pyramid are warranted based on recent scientific evidence.

There is strong evidence that nutritional factors are closely linked to the development of
NCDs, and international and national food agencies continuously monitor scientific progress
made in this field and periodically revise specific dietary guidelines. Several recent FCN re-
ports have thus addressed the relationships that exist between red meat intake
(https://www.blv.admin.ch/blv/de/home/das-blv/organisation/kommissionen/eek/gesundheit-
liche-aspekte-des-fleischkonsums.html), or dietary fats intake (https://www.blv.ad-
min.ch/blv/de/home/das-blv/organisation/kommissionen/eek/fette-in-der-ernaehrung1.html)
and health. Each year new scientific evidence on the association between nutrition and health
is published. Publications encompass a broad range of approaches, including studies aimed
at assessing the mechanisms underlying foods biological effects, surveys documenting the
level of intakes of foods in the populations, observational studies assessing the relationship
which exists between the consumption of specific food classes or nutrients and risk of NCDs,
and clinical trials documenting the effects of controlled changes in food intake on health out-
comes. The FCN has therefore mandated a group of experts to recover and analyse the re-
cent scientific literature (from 2012 to 2017) pertaining to the relationships between consump-
tion of each food groups represented on the Swiss Food Pyramid and the risk for NCDs, and
to formulate the scientific basis linking dietary guidelines for each food groups and NCDs. The
mandate was explicitly limited to effects on NCDs and NCDs risk markers, and did not extend
to dietary macro- or micronutrients deficiencies.
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2 Methods used to assess the relation-
ship between food groups’ consump-
tion and NCDs

Author: Luc Tappy

A working group constituted by Murielle Bochud, Sabine Rohrmann and Luc Tappy coordi-
nated the expertise. It was structured to address specific food groups represented in the cur-
rent Swiss Food Pyramid, i.e. fluids and beverages, fruits and vegetables; cereals and starchy
foods; dietary protein sources, including milk and dairy products, meat and fish, pulses and
vegetable proteins; and fats and nuts. An additional food group constituted of sweet and salted
snacks and industrial food was initially included to evaluate whether it was possible and rele-
vant to provide specific health-related information and or propose dietary guidelines regarding
these foods. It was however recognized that the scientific literature was both too scarce and
not recent enough to make a meaningful analysis, and this additional group was therefore not
included in the final recommendations.

Each of the 5 food groups was addressed in one specific chapter, which was written by one
or several experts.

For each food group or subgroup, the following elements were presented:

1. A generic definition of the food group, whenever possible referring to the Swiss food
legislation and a brief summary of its nutritional properties

2. Arecall of its present position in the Swiss Food Pyramid and current data on levels
of intake in the Swiss population or other comparable populations

3. A summary of the putative mechanisms linking foods from this group to NCDs
4. A review of literature 2012-2017
5. Recommendations from the chapter’s author (intake, further research etc.)

For the critical appraisal of recent scientific evidence, a complete de novo analysis of the
whole literature and the performance of independent meta-analyses, as performed by large
international or national food agencies could not be done within the time-frame and budget
allowed. The following strategy was therefore proposed. Only human data from prospective
cohort studies (PCSs) and randomized controlled trials (RCTs) were considered. Cross-sec-
tional epidemiological studies were exceptionally included if felt adequate. Ecological studies,
non-controlled clinical trials, narrative reviews, animal studies, and data available in non-peer-
reviewed medical literature (i.e.: theses, abstracts in congresses, grey literature) were not
considered relevant for the analysis. The literature search aimed at retrieving meta-analyses
of PCSs or RCTs, either published between 2012 and 2017 in peer reviewed medical journals
or produced and released by international/national food agencies in the same period. The
selected endpoints of these meta-analyses were incidence of specific NCDs (obesity, type 2
diabetes, cardiovascular diseases; cancers); mortality associated with NCDs; markers of risk
for NCDs; others as defined by experts. Information from these meta-analyses was extracted
and reported in tables. When no meta-analysis was available to address one specific ques-
tion, primary research reports of PCSs or RCTs were considered and their main findings was
summarized. Primary reports of PCS and RCTs which were too recent to be already included
in meta-analyses were also considered and their main findings were summarized in the results
section of the chapter. For meta-analyses, level of heterogeneity was taken into consideration.
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When available, meta-analyses with a low level of between-studies heterogeneity and provid-
ing a dose-response evaluation were favored. The experts and the working group considered
that RCTs provided information on effects of foods on NCDs incidence or NCDs-related out-
comes (progression, risk factors....), and that some RCTs or experimental controlled studies
provided plausible mechanisms linking foods consumption and NCDs. They also considered
that PCSs provided information on associations between foods’ consumption and NCDs inci-
dence or NCDs-related outcomes (progression, risk factors....)

To evaluate the levels of evidence, it was considered that randomized controlled trials (RCTs)
provided the highest level of evidence with respect to causality, but that observational studies,
when adequately conducted, provided valuable information on causality, in particular when
associations are strong and results replicated across different settings.

These methodological guidelines were applied when possible by each expert in charge of the
evaluation of one food group/subgroup; due to the fact that availability of published studies,
and type of studies available showed considerable variations between food groups/sub-
groups, experts were entitled to use alternate approaches as required, and mentioned specific
methods used in their report. For the meat, fish, egg and tofu food groups, the working group
considered that the association between red meat, resp. cured meat, and NCDs had been
comprehensively addressed in the 2014 FCN report, and that novel additional knowledge was
unlikely to alter the conclusion of this report; it was also felt that there was little novel scientific
evidence regarding fish and eggs consumption and NCDs. It was therefore decided to provide
a short summary of the present dietary guidelines as an introduction to the expert reports on
other protein-rich foods, i.e. milk and dairy products and pulses and vegetable proteins.

A summary of major findings for each food groups and recommendations was prepared by
the working group and was reviewed by the members of FCN. Final conclusions and recom-
mendations are summarized in the final chapter of this report, as well as in separate manage-
ment summaries.
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3

3.1

3141

3.1.2

Beverages

In general, beverages regroup all liquids consumed during the day, whether or not they con-
tain calories (water, coffee, tea, sodas, etc.), with the exception of milk, which is included in
the dairy products food groups.

Beverages are in general the main source of the nutrient “water”, which plays a major role in
fluid and mineral homeostasis. In addition to water intake from beverages, about 1500 ml of
water is consumed daily with foods or produced through the oxidation of macronutrients (i.e.
metabolic water, endogenic source). At the time being, the scientific evidence for specific rec-
ommendations for beverages is weak, in part because of a lack of international consensus on
the methods to be used to assess water intake and hydration status. Water balance is char-
acterized by dynamic complexity with constantly changing, vastly integrated regulatory mech-
anisms [1]. In this chapter, the topic of hydration will be briefly mentioned in chapter 3.1 (wa-
ter), other beverages discussed are sugar-sweetened beverages, including coffee (chapter
3.2) and juices (chapter 3.3), the latter two being included in this chapter.

General fluid intake, water
Authors: Murielle Bochud, Angeline Chatelan

Definition of water

Water of drinking quality is defined in the Swiss food legislation as either mineral water, i.e.
microbiologically irreproachable water from underground layers or deposits and is extracted
from a source accessible through one or more natural or artificial outlets, or as spring water.
This is water of subterranean origin which is marketed while preserving its original state.

Recommendations and intake data
Water has a special position as it can be seen both as a nutrient and as a food group. Most
data on recommended fluid intake are based on water as a hydrating nutrient.

Summary box recommendations and intake

WATER Definition Quantity
Daily recommendations current preferably in the form of sugar-free
Swiss Food Pyramid [2] drinks, e.g. tap/mineral water or fruit/herbal tea. 121

Beverages containing caffeine, such as coffee,

black and green tea, can contribute to liquid intake

Daily Intake in Switzerland [3]* Water 1.2L/1.2L/
Total / male / female 1.2L

"Data are mean values of two 24-hour recalls protocols, weighted and corrected for seasonality and weekdays.

Recommendations for water intake

Water requirement varies between individuals and depends on environmental conditions,
such as air temperature, humidity, as well as on physical activity. Recommendations for water
intake therefore need to specify to which conditions the recommendations apply.

Recommendations of adequate total fluid intake have been proposed by the European Food
Safety Authority (EFSA), with the publication of a scientific opinion of dietary reference values
for water in 2010. EFSA distinguishes “total water intake” (from beverages and foods) and
“total available water intake” (from beverages, foods and metabolically produced water) [4].
According to EFSA, the reference values for total water intake should include water from
drinking water, beverages of all kinds and from food moisture [4].
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The EFSA recommendation is based on a combination of observed water intakes in 13 Euro-
pean countries, with ranges of intake varying from 720 to 2621 mL/day [5]. Taking into account
(a) observed intakes in several European populations, (b) desirable urinary osmolarity levels,
as well as (c) desirable water volumes per energy unit consumed, the EFSA currently consid-
ers that adequate intake (Al) of water for adult women is 2.0 L/day (percentile 95 = 3.1 L/day)
and 2.5 L/day (percentile 95 = 4.0 L/day) for men, with similar Als for the elderly [4]. Pregnant
women should consume 300 mL/day of water in addition to what is recommended for non-
pregnant women and, for lactating women, additional 700 mL/day of water are recommended
[4]. These Als of water include water from beverages, water ingested with foods, and water
produced from the metabolism of macronutrients, and are intended for moderate environmen-
tal temperature and moderate physical activity levels (PAL 1.6) [4]. Als is 100-190 mL/kg/day
for infants between 0 and 6 months, 800-1000 mL/day for those between 7 and 12 months,
1100-1200 mL/day for children aged between 1 and 2 years, 1300 mL/day for those aged 2-
3 years; 1600 mL/day for those aged between 4-8 years.

Levels and characteristics of water intakes in the population

Total water intake substantially differs across countries and regions of the world. Average
water intake from beverages and foods among adult men and women were 2.3 L and 2.1 L
in France (NutriNet-Santé Dataset), 1.7 L and 1.6 L in Spain (ANIBES), 1.7 L and 1.7 L in ltaly
(INCAN-SCAI dataset), respectively [6]. In Ireland, total water intake was 2.3 L in men and
2.1 L in women, with lower intakes in elderly people as well as in people with low education,
physical inactivity and higher BMI [7]. In the UK National Diet and Nutrition Survey (NDNS
2000/2001) including 1724 adults aged 19 to 64 years, total water intake averaged 2.5 L in
men and 2.0 L in women [8]. In the first Swiss national nutrition survey, menuCH, mean [me-
dian] water intake from beverages and foods among 2000 adults aged 18 to 75 years, were
3.1 [3.0] L in men and 2.9 [2.8] L in women, with differences across linguistic regions (un-
published data). According to menuCH data, total water intake is higher in Switzerland than
reported in prior population-based surveys across Europe. Important differences across Swiss
regions also exist for 24-hour urine volume, with higher volumes in the German-speaking part
of Switzerland, as illustrated in the population-based SKIPOGH cohort including adults aged
18 to 90 years randomly selected from the general population of three Swiss regions, Lau-
sanne, Geneva and Bern [9—-14]. The regional differences observed in SKIPOGH, in both men
and women, may reflect cultural differences related to diet as well as different mixes of urban-
rural settings across these regions: Geneva is a primarily urban canton, whereas the canton
of Bern includes a large rural part. The Lausanne sample comes primarily from people living
in the city of Lausanne and, to a lesser extent, people living in settings that are more rural.
This confirms prior observations from the Swiss Survey on Salt, including data on 1300 par-
ticipants with 24-hour urine collections across the three main linguistic regions of Switzerland
[15].

Part of these country and regional differences likely reflects differences in methodology, but
the observation of relevant regional differences within Switzerland (i.e. using the same
method) suggests that total water intake also depends on the cultural context.

The amount of water in non-liquid foods strongly varies across food groups, ranging from 70-
80% for selected fruits and vegetables to 0% for oils and sugars [16]. Overall, food contributed
to 32% of total water intake in Spain, 38% in France and 45% in lItaly [6]. In another study, the
contribution of water from foods was 27% in UK (UK Nutritional Survey NDNS 2008/2009-
2011/2012) and 36% in France (French Nutritional Survey — CCAF 2013) [17].

The percentage of water consumption in the beverage category was 48% and 47% in French
women and men, respectively, 46% and 43% in Italian women and men, respectively and
46% and 41% in Spanish women and men, respectively [6]. Water hence represents, by far,
the largest proportion of total fluid intake, in these three European countries. In Spain, only
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13% men and 22% of women followed EFSA recommendations for adequate intake of 2.5 L
(men) and 2.0 L (women) total water intake, whereas the corresponding percentages were
11% and 24% in Italy and 30% and 51% in France [6]. Furthermore, 29% of men and 42% of
women followed the above 1 criterion for the ratio between total water intake and total energy
intake in Spain, whereas 13% of men and 27% of women in Italy, and 46% of men and 66%
of women in France fulfilled this criteria [6]. These results highlight the difficulty to follow EFSA
recommendations for water consumption among European adults as well as the important
differences in total water intake across European cultures.

Putative mechanisms linking water intake and NCDs

Physiology of water balance

Water intake is essential for life and for human health. In the adult human body, water repre-
sents 60% of body weight in men and about 50-55% in women [4]. In new-born children, water
represents 75% of body weight [4]. The water content of the body is distributed into the intra-
cellular and extracellular compartments. A balance needs to be achieved between water in-
puts and water losses for each compartment. The main sources of water inputs are water
intake (around 1000 mL from beverages), water content from foods (around 1200 mL) and
water metabolically produced in the human body (about 300 mL per day). Water losses may
occur in the kidney (urine [about 1500 mL per day, depending on fluid intakes]), the intestine
(faeces [about 100 mL per day]), the skin (sweat and perspiration) and the lung (evaporation
via respiration [about 900 mL per day]). Water homeostasis is regulated by multiple feedback
systems, including the hypothalamus, the hypophysis and the kidney [18]. Water balance is a
complex and highly dynamic process [1, 19]. Human beings must replenish water every day
by ingestion of beverages and foods. A tight regulation of the hydration status of the human
body is essential for life. Given the complexity of total body water turnover, it is clear that no
single biomarker of hydration status exists and that the ideal biomarker, or set of biomarkers,
depend on the question being asked [19]. Under steady-state conditions, hydration status can
be split into hypohydration, euhydration and hyperhydration [18, 20]. Yet, there is no interna-
tionally accepted laboratory method to define the hydration status of an individual [20]. Dehy-
dration occurs when water losses are greater than water intakes. Mild dehydration has been
defined as a 1% to 2% loss of body weight as a result of fluid loss [20]. A loss of 10% of body
water may be fatal. Reduction in body weight of 2 to 3% are considered to impair cognitive
performances [21], although the literature is inconsistent with some studies indicating that a
dehydration level of 1% may already affect cognitive performances [22], impair exercise per-
formance and increase the risk of kidney stones [23]. Fluid intake following dehydration was
found to improve exercise performance, whereas evidence for improved cognitive perfor-
mance was limited [24].

Mechanisms linking water intake and NCD’s

For many years, scientific studies in the field of water metabolism focused mainly on the ex-
tremes of severe dehydration and water intoxication [16]. There is growing evidence that
chronic mild hypo-hydration may influence multiple health outcomes, including the risk of com-
mon chronic diseases [1, 16] (see section 4). This field of study is however suffering from the
lack of consensus on a “gold standard” for hydration biomarkers [1, 16]. There is convincing
evidence that increased urine volume from increased fluid intake reduces the risk of kidney
stones [16, 25-27]. This probably results from diluted urine concentration and decreased urine
acidity. Vasopressin, the primary water-regulating hormone, influences glucose metabolism
in the liver (gluconeogenesis, glycogenolysis) and pancreas (insulin or glucagon production)
as well as NO-mediated vasodilation in vascular smooth muscle cells [1]. These latter biolog-
ical functions may explain a link between water intake and risk of cardiometabolic disorders.
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3.2

The association of water intake with body weight maintenance likely results from a combina-
tion of mechanisms: reduced total energy intake (e.g. if water replaces caloric beverages),
increased satiety, and/or reduced feeling of hunger [30].

Review of literature

Water intake and health outcomes

Identifying appropriate studies was made difficult by the ambiguity in use of terms “water”,
“fluids”, and “beverages”. In the following review, the terms are reported as used by the au-
thors. Water is increasingly being identified as playing a key role in chronic disease prevention
[16, 28], in particular for chronic kidney disease [29, 30], nephrolithiasis [29], cardiovascular
disease [31], obesity [32, 33] and type 2 diabetes [34]. High circulating vasopressin levels are
associated with higher risk of type 2 diabetes, metabolic syndrome, cardiovascular disease
and premature mortality in population-based observational studies [34]. Although the evi-
dence is still low, a systematic review found that increased water intake in adults on weight
losing diet or weight maintenance programs is associated with weight reduction [32]. Findings
are similar for children and adolescents [33]. Of note, there is, to date, no published major
long-term randomized controlled trial on the effect of increased water intake on health.

A recently published report found no association between total daily fluid intake and all-cause
and CVD mortality nor with rapid renal function decline in 1055 women aged 70 years or older
followed-up for 10 years [35]. High total water intake was not associated with improved sur-
vival after a median follow-up of 11 years in 25’000 participants to the NHANES 1988-1994
and 1999-2004 surveys [36].

Water intake and diet quality

In the French INCA2 survey, water drinking was associated with higher diet quality, when
considering mean adequacy ratios of several nutritional indices or the probability of adequate
intakes (PANDiet) [28]. The majority of French adults (72% of men and 46% of women) were
below the EFSA recommended adequate water intakes [28].

Recommendations

Daily water needs vary across individuals depending on climate, physical activity, diet and
cultural factors [37]. Total water intake data substantially vary from one population to the other,
both within and across countries. Part of these differences are clearly attributable to method-
ological issues [38]. Current recommendations for total water intake are based on Als in tem-
perate climates at moderate physical activity levels and not on estimated average requirement
(EAR) nor on Recommended Dietary Allowance (RDA) [38]. To date, recommendations for
water intakes have been established from population intake data and not from studies having
linked long-term water intake with health outcomes [37]. Given the limited amount of current
evidence linking total water intake to health outcomes, further data would be needed to guide
evidence-based recommendations on water intake. In particular, scientific evidence on the
levels of long-term water intake needed to reduce the risk of common chronic diseases is
currently limited.

Coffee
Author: Idris Guessous

Worldwide, coffee and tea are among the most widely consumed beverages and caffeine is
ubiquitous in beverages. In 2015, the European Food Safety Authority published a report on
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the effects of caffeine on health [39]. The report concluded that daily caffeine intakes from all
sources up to 400 mg per day do not raise safety concerns for adults in the general population.

The literature review focused on caffeine and coffee on health; it did not review the literature
on tea, caffeinated sugar-sweetened beverages, “energy drinks” or weight loss and sports
supplements.

Disentangling the effects of caffeine versus sugar in caffeinated sugar-sweetened beverages
is challenging and beyond the scope of this section. In addition, governmental recommenda-
tion on sugar-sweetened beverages intake is likely to be straightforward (e.g., “no intake” or
“as little as possible”), independently of the presence or not of caffeine. Finally, chapter 3.3
on sugar-sweetened beverages might cover, at least in part, the literature on caffeinated
sugar-sweetened beverages.

We performed a Medline literature search for human meta-analysis and critical reviews of
studies (interventional or observational studies) that evaluated the associations of caffeinated-
beverages, with specific focus on coffee, on major non-communicable diseases incidence and
outcomes. The review covered the 2014-2017 period. The search was started in 2014 to cover
the year preceding the publication of the 2015 European Food Safety Authority “Scientific
Opinion on the safety of caffeine” [39]. Studies were included if they focused on associations
with or effects of chronic caffeinated-beverages intake and non-communicable diseases
among adult men and non-pregnant women from the general population (“healthy general
population”). Articles focusing on gene-caffeine interaction, tea, and methylxanthines others
than caffeine were not included. When multiple meta-analyses on a given health outcome
were published, only the latest meta-analysis was generally included.

Finally, this review focused on associations between caffeinated beverages intake and
chronic diseases in adult men and non-pregnant women, from the general population; specific
associations in particular population subgroups (e.g., adults with disease or risk factors for
specific diseases, pregnant women, etc.) were not evaluated. Some of this information is how-
ever presented by other agencies/expert panels reports [39].

Current recommendations and intake data

Currently the recommendations are cautious, stating that “caffeinated drinks like coffee, black
and green tea can contribute to covering fluid needs”. Not specific serving sizes are given
(e.g. highest tolerable levels), nor are there any restrictions made for specific population
groups.

Several authorities have published scientific statements regarding the safety of caffeine. The
2015 European Food Safety Authority concluded that daily caffeine intakes from all sources
up to 400 mg per day do not raise safety concerns for adults in the general population, except
for pregnant women (200 mg per day). Although caffeine concentration might differ according
to the type of coffee preparation, one cup of coffee contains typically about 100mg of caffeine.
These recommendations are in line with those released by other food authorities (2012 Bel-
gium’s Superior Health Council [40], Health Canada [41] The European Food Safety Authority
concluded for example that any diuretic effects resulting from chronic caffeine consumption
are unlikely to have adverse health consequences for the healthy general population.

This review does not include the specific effects of tea on health. Different dietary guidelines
such as the 2015 Dutch food-based dietary guidelines have reviewed this topic. Green and
black tea and appeared to reduce blood pressure in interventional studies and the consump-
tion of tea was associated with a lower risk of stroke in cohort studies. The consumption of
black tea and green tea was also associated with a lower risk of type 2 diabetes. Based on
this evidence, the 2015 Dutch food-based dietary guidelines recommend up to three cups of
tea daily [42].
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Summary box recommendations and intake

COFFEE Definition Quantity
Daily recommendations current Beverages containing caffeine, such )
. . 1-2 L total, with coffee for
Swiss Food Pyramid [2] as coffee, black and green tea, can )
. L variety
contribute to liquid intake.
Daily Intake in Switzerland [3]* coffee 2.6 dl coffee / day, with re-
Total gional, gender and age-

based differences

"Data are mean values of two 24-hour recalls protocols, weighted and corrected for seasonality and weekdays

Putative mechanisms

Caffeine (1,3,7-Trimethylxanthine) is a purine alkaloid, with coffee being the major dietary
source (more than 70 %) [43]. Coffee bean extract is a complex mixture of thousands of
chemicals and includes potentially bioactive components such as caffeine, polyphenols (e.g.,
chlorogenic acid), fatty acid esters of diterpenoids (e.g. cafestol, kahweol) [44].

Several of these coffee components may affect health. For example, chlorogenic acids, the
most abundant polyphenols in coffee, are known to function as antioxidants and may improve
glucose metabolism and inhibit formation of advanced glycation end products [45] Two major
natural diterpenoids found in coffee, cafestol and kahweol, have been associated with an el-
evation of cholesterol [46]. In addition, caffeine can influence blood pressure and other factors
related to cardiovascular health via its impact on renal segmental tubular sodium handling,
smooth muscle relaxation, arterial stiffness and phosphodiesterase inhibition [47].

The acute and chronic effects of coffee or caffeine intake on non-communicable diseases are
different; this review focused only on the chronic effect of caffeinated-beverages. Caffeine is
metabolized by the liver CYP1A2 enzyme to paraxanthine (about 80 %), theobromine (about
12 %) and theophylline (about 4%); others (about 4%).

Review of literature
This review focusses on the effects of caffeine per se, not on that of its metabolites.

Mortality

Since the 2012 landmark publication showing that coffee consumption (caffeinated or decaf-
feinated) was inversely associated with total and cause-specific mortality [48], we identified
additional articles reporting on this association. Two meta-analyses were published in 2014
with more than 990,000 participants included in each of them. One meta-analysis reported a
nonlinear association between coffee consumption and mortality from all causes and cardio-
vascular disease (CVD) mortality; the largest risk reductions were observed with an intake of
4 cups/day for all-causes mortality (16% 95% CI 0.82, 0.87) and 3 cups/day for CVD mortality
(21% 95% CI1 0.74, 0.84) [49]. Coffee consumption was not associated with cancer mortality.
The other meta-analysis separated the associations of coffee and caffeine [50]. The relative
risk of death for the high versus low category of coffee consumption was 0.86 (95% CI 0.80,
0.92). The pooled relative risk for studies using = 2-4 cups/d as a cut-off for the high category
was similar to that for studies using = 5-9 cups/d as the cut-off. High consumption of decaf-
feinated coffee was also found to be associated with a lower risk of death.

Cardiovascular disease (including kidney diseases and metabolic diseases and the
metabolic syndrome)

The associations between caffeinated-beverages intake and CVD risk were investigated in
several observational studies and summarized in 13 meta-analyses since 2014. The sub-
domains include peripheral arterial disease (PAD), metabolic syndrome, coronary artery dis-
ease, stroke, hypertension or blood pressure, and CVD in general [51-63]. In general, caf-
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feinated-beverages intake was associated with lower risk of incident PAD, metabolic syn-
drome, hypertension, and stroke. Coffee consumption was associated with lower blood pres-
sure and higher estimated glomerular filtration rate (eGFR) [51, 61]. Coffee consumption was
not associated with increased risk of atrial fibrillation [64]. The ltalian-arm of the EPICOR
prospective study (EPICOR) found an increased risk of coronary heart disease [59], while
another prospective study found no association with cardiovascular events or coronary artery
calcium progression (although caffeine intake was marginally inversely associated with coro-
nary artery calcium progression) [54]. A 2014 meta-analysis of 36 prospective cohort studies
(1,279,804 participants included) found a nonlinear association between coffee consumption
and CVD risk; moderate coffee consumption was inversely significantly associated with CVD
risk, with the lowest CVD risk at 3 to 5 cups per day, and heavy coffee consumption was not
associated with elevated CVD risk [58]. Data on the separate associations with coffee and
caffeine were generally not provided.

Cancer

We identified several studies reporting the association between caffeinated-beverages con-
sumption and cancer, including 10 meta-analyses [65—74]. Studies included a very broad type
of cancers. In general, caffeinated-beverages consumption was associated with a lower risk
of gallbladder cancer [53], melanoma [75], brain tumor [76], colorectal cancer [77, 78], oral
cancer [69], breast cancer [79], liver cancer [80], endometrial cancer [71], and ovarian cancer
[81].

The lower risk of leukaemia among regular coffee consumers, initially reported by a few small-
sized studies, was not confirmed in a 2017 larger retrospective study on 2,422 subjects [82].
There was no significant association between coffee consumption and thyroid cancer risk [68].

A 2014 meta-analysis including about 480,000 participants found that a high (e.g., highest =
4 or 5 cups/day) caffeinated-beverages intake was associated with a significant reduced risk
of overall prostate cancer and with fatal and high-grade prostate cancer compared to no intake
[72].

A 2016 meta-analysis reported that every one-cup increase in daily caffeinated-beverage in-
take was associated with a 1% increase in pancreatic cancer risk [73]. Another meta-analysis
found a significantly increased risk of gastric cardia cancer associated with coffee consump-
tion (RR = 1.50, 95% CI: 1.09-2.07). However, these associations were no more observed
after adjusting for smoking or body mass index [67]. Caffeinated-beverage intake was asso-
ciated with an increased risk of lung cancer in a meta-analysis of 5 cohorts and 12 case-
control studies (N=120,000 participants) [74].

Using the data of the Prostate, Lung, Colorectal, and Ovarian (PLCO) cohort prospective
screening study (N=97334), investigators found that coffee intake was not associated with the
risk of all cancers combined [83].

The specific associations between coffee intake and caffeine-intake and cancer were reported
in 6 studies. Intake of caffeinated coffee was inversely associated with non-melanoma skin
risk, but there was no such association for intake of decaffeinated coffee [66]. In a prospective
study of about 10,000 participants in Israel, coffee consumption was associated with lower
odds of developing colorectal cancer and the inverse association was also observed for de-
caffeinated coffee consumption alone [78]. Thus, both coffee intake and decaffeinated intake
were associated with a reduced risk for colorectal cancer. No association between coffee or
decaffeinated coffee and bladder cancer risk was found [84]. No association between total,
caffeinated, or decaffeinated coffee intake and pancreatic cancer were found in a very large
cohort study conducted in the US [85]. In a very large meta-analysis (N=1,534,039 partici-
pants), the overall relative risk of endometrial cancer for caffeinated and decaffeinated coffee
were 0.66 (95% Cl: 0.52-0.84) and 0.77 (95% CI: 0.63-0.94), respectively. The risk decreased
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by 5% for every 1 cup per day of coffee intake, 7% for every 1 cup per day of caffeinated
coffee intake, 4% for every 1 cup per day of decaffeinated intake of coffee, and 4% for every
100mg of caffeine intake per day [71]. Higher caffeinated coffee intake was associated with
lower risk of postmenopausal breast cancer, while decaffeinated coffee intake was not [86].

Type 2 Diabetes

A meta-analysis of 28 prospective cohort studies on the association between coffee consump-
tion (caffeine versus decaffeinated) and type 2 diabetes risk was published in 2014 [87]. Com-
pared with no or occasional coffee consumption, the relative risk for type 2 diabetes was re-
duced to 0.92 (0.90-0.94), 0.85 (0.82-0.88), 0.79 (0.75-0.83), 0.75 (0.71-0.80), 0.71 (0.65-
0.76), and 0.67 (0.61-0.74) with daily intake of 1, 2, 3, 4, 5, and 6 cups/day, respectively. The
relative risk of type 2 diabetes for a 1 cup/day increase was 0.91 (0.89-0.94) for caffeinated
coffee and 0.94 (0.91-0.98) for decaffeinated coffee.

Interestingly, data from the Health Professionals Follow-Up Study (HPFS) and the Nurses'
Health Studies (NHS) showed that participants who increased their coffee consumption by
more than 1 cup/day over a 4-year period had an 11% (95% CI 3%, 18%) lower risk of devel-
oping type 2 diabetes during the subsequent 4 years, compared with those who made no
changes in consumption. Participants who decreased their coffee intake by more than 1
cup/day had a 17% (95% CI 8%, 26%) higher risk for type 2 diabetes [88].

Depression

A 2016 meta-analysis of 23 studies including more than 355,000 participants found that com-
pared to individuals with lower coffee consumption, those with higher intakes had pooled rel-
ative risk of depression of 0.76 (95% CI: 0.64, 0.91) [89]. Significant results were found only
for caffeinated-coffee consumption not decaffeinated coffee. Dose-response effects sug-
gested a nonlinear J-shaped relation between coffee consumption and risk of depression with
a peak of protective effect for 400mL/day.

Cognitive function

Data on the association between coffee consumption and cognitive decline and dementia are
available. Coffee consumption has been significantly associated with a lower risk of incident
dementia in a very large prospective cohort of 131,337 elderly adults in Japan [90]. However,
the most recent meta-analysis of 11 prospective studies reported that high coffee consump-
tion was not associated with cognitive decline or dementia (subgroup analyses suggested a
significant inverse association between highest coffee consumption and the risk for Alzheimer
disease [summary relative risk, 0.73; 95% CI, 0.55-0.97]) [91]. This null finding is in line with
a 2015 meta-analysis on dementia [92].

Conclusions / recommendations

This review of the literature published between 2014 and 2017 suggests that coffee consump-
tion is safe and may in fact exert protective effects against some non-communicable diseases.
While large interventional studies on the long-term health effects of coffee/caffeine are still
missing, data from very large prospective cohort studies with long follow-up are available.
Determining causality and identifying the bioactive components of coffee involved in health
effects (e.g. caffeine, chlorogenic acid, cafestol, kahweol, etc.) or association with other foods
commonly consumed with coffee (e.g. milk, etc.) is not possible from the current review of the
literature. Evidence from large observational studies is generally compatible with a protective
effect of coffee consumption, including decaffeinated coffee consumption, on many health
outcomes. A clear distinction between the health effects of caffeinated and decaffeinated cof-
fee is difficult based on the current data. Our update of the literature identified 17 studies that
included comparative data on the health effects of caffeinated and decaffeinated-coffee. Sim-
ilar decreased risk of overall mortality, colorectal cancer, endometrial cancer, type 2 diabetes,
and depression were reported for caffeinated and decaffeinated coffee. Caffeinated but not
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decaffeinated coffee was associated with decreased risk of cardiovascular disease, mela-
noma, non-melanoma skin, hepatocellular carcinoma, and postmenopausal breast cancer.
Overall however, evidence suggests that caffeine contributes to the beneficial effects of coffee
consumption on health.

Our review of literature showed that coffee consumption has been associated with lower mor-
tality (caffeine and decaffeinated coffee), lower overall risk of cardiovascular events, cancer,
and lower risk of type 2 diabetes. Yet, the data being observational and often limited, it is not
possible to unequivocally assert that coffee consumption causally protects from these out-
comes.

Data on cognitive function and depression are scarce, but coffee consumption appeared to
be associated with lower risk of depression whereas no clear association was found with cog-
nitive function.

In summary, it is reasonable to conclude that both caffeinated- and decaffeinated-coffee ap-
peared to be safe up to 4 cups a day for healthy men and non-pregnant women and that both
might provide some health benefits.

Sugar-sweetened beverages

Author: Luc Tappy

Introduction

The need for specific recommendations for sugar intake, including specific recommendations
for sugar-sweetened beverages (SSBs), has become of high importance in the present Swiss
and world-wide nutritional context. It has indeed been observed that consumption of refined
sugars has increased markedly since the 1960s, and that sugar intake exceeds 10-15% of
average total energy intake in many countries throughout the world [93-96]. It has further
been recognized that, in many countries, consumption of SSB make a major contribution to
total sugar intake [97—100]. In addition, it has been suggested that high sugar consumption
may play a prominent role in the pathogenesis of metabolic and cardiovascular diseases and
of cancers [101-103].

Definitions and scope

Sugars

Sugars are defined as mono and disaccharides i.e. glucose, fructose, galactose, lactose and
sucrose and maltose. They are naturally present in fruits and some vegetables, in honey, and
in dairy products, but the most important source of dietary sugars is sucrose from refined beet
or cane sugar. Since the 1970s, refined sucrose has been replaced in part by high fructose
corn syrup (HFCS), which is a mixture of glucose 58-45% and fructose (42-55%) industrially
prepared from cornstarch. Similar glucose-fructose syrups prepared from plant starch is also
consumed in some European countries under the name of “isoglucose”, or glucose-fructose
syrups. Sugar alcohols (polyols) such as sorbitol, xylitol, mannitol, and lactitol, are usually not
included in “sugars”.

Sugars naturally present in fruits and sucrose added to processed products yield chemically
identical molecules in the blood stream, yet consumption of fruits and of products containing
refined sugars, such as cookies, ice-creams, etc., have divergent association with health out-
comes, and hence need to be evaluated separately. Several definitions have been proposed
to specifically differentiate sugars in fruits from refined sugars added during food preparation:

e Added sugars initially proposed by U.S. Department of Agriculture (USDA), are defined
as sugars and syrups that are added to foods during processing or preparation
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(https://www.fda.gov/downloads/Food/GuidanceRegulation/GuidanceDocumentsRegula-
torylnformation/UCM535372.pdf). The definition covers all sugars not present initially, i.e.
not only refined sucrose, glucose, fructose, or glucose-fructose syrups, but also honey
and maple or agave syrups [104].

e Added sugars (Definition EFSA): the term “added sugars” refers to sucrose, fructose,
glucose, starch hydrolysates (glucose syrup, high-fructose syrup) and other isolated
sugar preparations used as such or added during food preparation and manufacturing. It
includes sugars present in honey, syrups, and fruit juices and fruit juice concentrates.”
(High Level Group on Nutrition and Physical Activity https://ec.eu-
ropa.eu/health//sites/health/files/nutrition_physical activity/docs/added sugars_en.pdf)

e Free sugars as proposed by WHO 2015 are defined as monosaccharides and disaccha-
rides added to foods and beverages by the manufacturer, cook or consumer, and sugars
naturally present in honey, syrups, fruit juices and fruit juice concentrates
(http://apps.who.int/iris/bitstream/10665/149782/1/9789241549028 eng.pdf?ua=1). With
this definition, lactose naturally present in milk and milk products is not considered as
free sugar, nor are sugars contained in intact fruit and vegetables.

e Extrinsic sugars: The UK Scientific Advisory Committee on Nutrition (SACN) reports
prior to 2015, and the initial 2015 draft report on carbohydrates, used the following defini-
tions: Intrinsic (non-milk) sugars are those sugars naturally incorporated into the cellular
structure of foods — mainly fruits and vegetables. Extrinsic (non-milk) sugars are those
sugars not contained within the cellular structure of a food — mainly added refined sugars
and fruit juices [105]. Note that lactose and other natural milk sugars are not included in
this definition of extrinsic sugars. The final report of SACN however adopted the WHO
free sugars definition.

The absence of one single, universal definition for sugars added during food processing is
an important confounding issue [104]. In addition, sugars added during food processing are
chemically similar to those naturally present in foods, and therefore no analytical procedure
allows to selectively measure their presence in industrial foods.

Sugar-sweetened beverages (SSBs)

SSBs are defined here as liquids that are sweetened with various forms of added sugars like
brown sugar, corn sweetener, corn syrup, dextrose, fructose, glucose, high-fructose corn
syrup, honey, lactose, malt syrup, maltose, molasses, raw sugar, and sucrose [106], as well
as beverages containing free sugars according to the WHO definition, examples are:

¢ Sodas and soft drinks
¢ Energy drinks and sport drinks
¢ Pure fruit juices and derivatives, e.g. nectars, smoothies, beverages containing juices as
well as other ingredients (e.g. teas, infusions)
¢ Vegetable juices, in particular when based on the sugar-richer types of vegetables (e.g.
carrots, beetroot)
o Milk-based drinks containing free sugars (as chocolate-flavored milk drinks for example)
¢ Tea and coffee with sugar, or sweetened beverages based on tea and coffee.
Fruit juices contain roughly the same amount of sugars as industrial sodas. Sugars from pure
fruit juices are considered as “free sugars” according to the WHO definition, but not as “added
sugars” according to the USDA definition.

One serving SSBs in the literature usually corresponds a 12 oz can, or 360 ml. Portion size is
not defined for all SSBs in Switzerland, but portion size is 200 ml for fruit juices and 250 ml
for milk. The free sugar content of usual SSBs ranges from 6 to 11 g/100 ml.
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Present position and recommendations in the Swiss Food Pyramid and intake data
SSBs are presently not specifically included in the Swiss food pyramid at the beverage level.
Present recommendations mention that consumption of the food group “beverages” should
provide 1-2 l/day, preferably in the form of unsweetened beverages, and that one 2dl un-
sweetened fruit or vegetable juice can replace one daily portion of fruit or vegetable.

Similarly, SSBs are not represented in most North-American and European food pyramids,
and no specific recommendation is given. However WHO [107] and USDA [106] specifically
recommend that added or free sugar intake be less than 10% total energy intake, and the
Scientific Advisory Committee on Nutrition (SACN) in UK [108] even recommend that free
sugar intake be less than 5% total energy.

The first national Swiss nutrition survey (“menuCH?”) reported that the average daily intake of
the adult population was 9% and 11% of total energy for added and free sugars respectively,
and hence exceeded the WHO recommendation in 56% of females and 55% of males. SSBs
consumption averaged 2.4 dl/day and accounted for 29% of total free sugars (fruit and vege-
table juices 13%, sodas and soft drinks 12%, dairy products (including yoghurt) 9%) [109].

Potential mechanisms linking SSBs to health outcomes
Several distinct mechanisms have been proposed to account for adverse health effects of
sugars and SSB:

o Free sugars can be fermented by oral bacteria, leading to a decrease in dental plaque
pH, and hence closely associated with the risk of dental caries [110].

e Sugar in SSB contains 50% fructose, some studies suggest this reduces satiating re-
sponses. SSBs containing fructose may therefore be associated with an impaired sup-
pression of food intake [111, 112].

e It has also been hypothesized that sugar consumption in form of SSBs, i.e. in liquid foods
may elicit less satiety as solid foods [113].

¢ The fructose component of sucrose or HFCS is highly lipogenic and hence may be as-
sociated with net fat synthesis, ectopic lipid deposition in the liver and muscle, abdominal
obesity, and alterations of lipoprotein metabolism even at neutral energy balance levels
[114].

e Most sodas, sport drinks and energy drinks contain sugars and artificial aromas, but are
devoid of other nutritional factors (micronutrients, dietary fibers, unless these are added).
As a consequence, a large proportion of total energy intake from these beverages may
lower dietary micronutrient density and lead to micronutrient deficiencies (“nutrient dilu-
tion”) [115, 116].
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Review of literature

3.3.5.1 Association with NCD

Cardiovascular diseases

One meta-analysis of prospective cohort studies (PCSs) reported a pooled relative risk (RR)
of hypertension of 1.12 (1.03-1.23) in subjects consuming sugar-sweetened soda vs non con-
sumers. This increased relative risk was observed for both males and females [117]. Two
other meta-analysis of PCS observed a dose- response increase in incidence of hypertension
of 8.2% and 8.0% for each daily 360 ml SSB consumed [118, 119]. Three meta-analyses of
PCSs observed an association between SSB intake and risk of coronary heart disease [119—
121]. One meta-analysis [120] reported an association between the risk of stroke and con-
sumption of SSBs, but another one did not [119].

Type 2 diabetes

Two meta-analysis of PCS reported that the relative risk of diabetes increased by 1.20% and
1.18% for each 330 ml serving SSB/day [122, 123]. In one of them, there was no association
for fruit juices [123].

Obesity and obesity risk factors

One meta-analysis reported a dose-response effect of SSBs consumption on body weight
gain in PCSs of children and adults. For adults, a 0.22 kg/year body weight gain was attributed
to each daily 360 ml SSB servings. For children, the increase in BMI /year was 0.06 kg/m2 for
each daily 360 ml serving SSB. This meta-analysis also included a separate analysis of ran-
domized controlled trials (RCTs); Interventions targeted to reduce SSBs intake in children
were associated with significant weight loss, while interventions involving an increased SSBs
intake in adults were associated with body weight gain [124]. A critical review of thirteen PCS,
RCTs and cross-sectional studies performed in children, adolescents, and adults however
concluded that the association between SSB and body weight became inconsistent when
SSB intake was adjusted for total energy intake [125].

Another meta-analysis reported a positive relationship between SSB intake and total food
energy intake in both children and adult, consistent with the hypothesis that SSB may favor
weight gain by driving total energy intake [126].

Regarding the hypothesis that SSBs may be particularly harmful because liquid calories would
fail to elicit satiety signals to the brain, we did not find any experimental study which specifi-
cally compared the effects of sugars ingested with solid vs liquid foods. However, several
studies documented that the ingestion of excess energy as drinks led to a partial compensa-
tion of calories intake (reviewed in [127]).

Cancer

Some early studies had proposed that SSBs consumption may be associated with the devel-
opment of colon cancer [128] or pancreatic cancer [129, 130]. These associations have how-
ever not been confirmed in other studies [131-133]. In a more general perspective, there has
been (and is still) considerable debate regarding associations between dietary sugar intake
and risk of cancer. Added sugar intake has been associated with the risk of colorectal, breast
and ovarian cancers in some studies, but the association may be due to other covariates,
such as obesity [134].

3.3.5.2 Micronutrients deficiency
One meta-analysis addressed the association between SSBs and dietary micronutrients’ in-
takes. It reported that SSB intake was associated with lower calcium (and lower milk) intake,
and mentioned also lower riboflavin, vitamin A and vitamin B12 intakes (although detailed
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data were not displayed) [126]. Similar observations were reported in a recent cross-sectional
evaluation of the UK National Diet and Nutrition Survey data [135].

Although not restricted to SSB, some studies reported significant micronutrient dilution with
increasing added sugar intake in Australian children [115] and Australian elderly subjects (24).
These reports however did not document cases of clinical micronutrient deficiency. Another
study did not find evidence for micronutrient dilution in response to high added sugar intakes
in elderly normal British subjects [136]. A systematic review (which did not assess specifically
SSBs, but sugars intake) published in 2007 concluded that the mean intakes of most micro-
nutrients were above reference nutrient intake irrespective of added sugar consumption, ex-
cept for very high consumers of sugars [137].

3.3.5.3 Are fruit juices different from other SSBs?
There is some controversy regarding whether the consumption of fruit juices has different
effects on health than that of other SSBs. We therefore performed an additional search of the
literature to retrieve meta-analyses and large PCSs having specifically addressed associa-
tions between fruit juice consumption and the risk of NCDs (including obesity).

Consumption of beverages, and the relative contribution of sodas, fruit juices and milk vary
widely across age groups and between countries. On average, intake of sodas worldwide
amounts to 0.58 servings per day, of milk to 0.57 servings per day, and of fruit juices to 0.16
servings per day. Consumption of fruit juices represents a relatively minor fraction of total
SSBs in most countries [98]. One critical review assessed the impact of fruit juices on body
weight of children [138]: it did not find evidence for an association between fruit juice con-
sumption and body weight gain. This analysis however adjusted fruit juice consumption to
total energy. (Note: The meta-analysis by Malik et al [124] on SSBs and body weight did not
adjust for energy intake, arguing that the effects of SSBs on body weight were linked to an
increased, total energy intake. For SSBs also, the association with body weight gain becomes
non-significant when intake is adjusted for energy intake [125].

One nested study from the PREDIMED study, performed on 1868 subjects [139], reported
that incidence of the metabolic syndrome over a 3.3 year period was higher in participants
consuming < 1 fruit juice per week than in those consuming > 5 fruit juices per week (OR 1.30,
Cl1 1.00-1.69). One pooled analysis of 3 large PCSs (Nurse Health studies | and Il, and Health
Professional Follow-up Study) reported that body weight increased by 0.36 kg (0.24-0.48) and
0.22kg (0.15-0.28) for each serving per day increment of SSBs and fruit juice respectively. It
did not made a distinction between 100% fruit juices and fruit juices with added sugar [140].

One meta-analysis specifically assessed the association between fruit juice consumption and
risk of type 2 diabetes. It reported that consumption of 100% fruit juice, was not associated
with an increased risk of type 2 diabetes [141]. In contrast, another meta-analysis [142] con-
cluded that risk of type 2 diabetes was moderately increased by 7% (1%-14%) for each serv-
ing of fruit juice.

One meta-analysis of 26 intervention studies addressed the effects of juice consumption on
plasma antioxidant status. It included both natural fruit and natural vegetable juices. Juice
consumption was associated with higher vitamin C concentration and lower malondialdehyde
concentration, but had no effect on superoxide dismutase and catalase levels, nor on total
plasma antioxidant capacity, although the amount of juice consumed in some studies was
very high (up to 1000 ml/day) [143]. The critical review by Crow on 100% fruit juice and obesity
also found limited evidence that fruit juices consumption was associated with higher intake of
dietary fibers, Vitamin C, Mg and K [138].

Finally, one meta-analysis reported that the consumption of carbonated beverages, sugar-
containing snacks, and acid fruit juices increased the occurrence of tooth erosion in children

Eidgendssisches Departement des Innern EDI | Eidgendssische Ernahrungskommission EEK 23



3.3.6

and adolescents [144]. Interestingly, consumption of milk and yoghurt was associated with
reduced erosion occurrence.

3.3.5.4 Is the consumption of artificially sweetened beverages (ASBs) associ-
ated with risk of NCDs?

A detailed analysis of the effects of ASBs on health was beyond the scope of this review. The
safety of artificial sweeteners has been recently reviewed by the French agency ANSES, and
their experts’ conclusions did not raise specific concern about these products. Nonetheless,
it was felt important to address whether ASBs would be a suitable alternative to SSBs. We
therefore made a non-exhaustive search of the meta-analyses addressing ASBs consumption
and risks of NCDs.

Two meta-analysis of PCSs reported that consumption of ASBs was significantly associated
with an increased risk of type 2 diabetes (pooled relative risks 1.13 (1.02-1.25) per 330 ml /d
and 1.25 (1.18-1.33) per 250 ml/d [122, 123]. One meta-analysis [120] reported an association
between the risk of stroke and consumption of ASBs. One nested study from the PREDIMED
study [139] reported that incidence of the metabolic syndrome over a 3.3 year period was
higher in participants consuming < 1 ASB per week than in those consuming > 5 ASBs per
week ( 1.74 ( 1.26-2.41)). One publication from the EPIC study reported that consumption
ASB consumption increased the risk of hepatocarcinoma by 6% for each one serving/day
increment [145].

Discussion and research gaps

PCSs report a strong association between SSB intake and obesity in adults and children. This
association is markedly weakened when SSB intake is adjusted for total energy intake. This
suggests that SSBs consumption promotes weight gain mainly by increasing total dietary en-
ergy intake. In support of this hypothesis, there is indeed an association between SSB intake
and total energy intake [126]. A relationship between SSBs and NCDs has further been by
two large American PCSs showing increased total mortality with high SSBs intake [146, 147].

The mechanisms by which SSBs increase total energy intake remain controversial. It is often
proposed that ingestion of “liquid calories” would not be sensed adequately (compared to solid
foods) by the homeostatic brain systems regulating food intake [113]. Direct evidence sup-
porting this hypothesis is lacking however. It has also been proposed that dietary sugars, and
hence SSBs, may inhibit less food intake due to the fructose component of sugar, which does
not stimulate the secretion of insulin or of gut satietogenic peptides and does not suppress
gastric ghrelin secretion [111]. A recent study however documented that increased fructose
intake markedly reduced the daily intake of other macronutrients [148, 149]. It appears there-
fore likely that other factors (thirst-triggered energy intake, hedonic tone of SSB, socio-cultural
factors, etc.) account for a SSB-induced increase in energy intake and body weight gain.

Although the association between SSB intake (not adjusted for total energy intake) and weight
gain is strong, how much SSBs actually contribute to the present epidemic of obesity remains
unknown. The meta-analysis by Malik et al observed a 0.22 kg body weight gain/serving
SSBlyear, suggesting a relatively modest effect on body weight even with long exposure. One
analysis of several US prospective cohort studies reported that SSB were one out of several
foods groups associated with body weight gain over time, and that other foods (potatoes,
cured meat, red meat) were also important contributors to overall weight gain [150]. In addi-
tion, RCTs assessing the effects of a reduction of SSB intake in overweight subjects failed to
observe major reductions in body weight [151, 152].The amount of weight lost was indeed
smaller than may have been expected from the reduction in SSBs calories.

PCSs show strong associations between SSB intake and cardiovascular diseases, and type
2 diabetes. For cardiovascular diseases, the association is robust with CHD and high blood
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pressure, but inconsistent for stroke. Here again, the effect may be dependent on total dietary
energy intake or on SSB-induced body weight gain.

There are presently few studies having assessed whether soft drinks and fruit juices have
different effects on health outcomes. There is limited evidence that fruit juices containing
added sugars have similar effects as other SSBs; few studies evaluated the effects of 100%
fruit juices, and report no effect of 100% fruit juice [138] no study observed that 100% fruit
juice consumption was associated with a lower risk for NCDs. This contrasts with the obser-
vation (chapter 4) that consumption of one fruit per day is already associated with a decreased
risk for several NCDs. This strongly argues against including fruit juices among fruit and veg-
etables in the Swiss food pyramid.

Many studies and some meta-analyses have reported that not only SSBs, but also ASB con-
sumption was associated with an increased risk of cardiovascular diseases. The reason for
this association is unknown. It is possible that it may be due to reverse causation, i.e. ASB
consumption being more likely to be consumed by obese subjects at increased risk of cardio-
metabolic diseases. It is also possible that not SSBs per se, but some associated dietary /like
style patterns are actually responsible for the development of NCDs. Based on these obser-
vations, and on pathophysiological hypotheses raising concerns about adverse effects of ar-
tificial sweeteners on body weight [153], one may however question whether ASBs are ade-
quate, safe alternatives to SSBs.

The concern that of SSBs consumption may be a cause of micronutrient deficiency is based
on the observation that high SSB consumption is associated with lower intake of other food
groups such as fruit and vegetable and whole grain, and with a lower micronutrient density of
the diet (in weight micronutrient per kcal, eg a low Ca/ kcal or Vit B6/kcal content of the overall
diet). There is however no evidence that this leads to inadequate micronutrients intakes (ie
with a daily intake of a specific micronutrient inferior to the defined lower level of intake) or
with actual micronutrients deficiency.

Another point to note is that the hypothesis of SSB-induced nutrient dilution (ie SSBs replac-
ing foods with higher nutritional quality in the diet) is in contradiction with the hypothesis that
liquid calories are not compensated by a reduction of other foods intake.

Recommendations

Sugar-sweetened beverages provide substantial energy under the form of glucose and fruc-
tose, which are non-essential nutritional elements. They may be instrumental in stimulating
excess energy intake because of their hedonic properties, and because their intake is not
specifically regulated by homeostatic neural circuits involved in body energy regulation, but
also by neural and endocrine circuits involved in hydration and fluid balance. Furthermore,
sodas and soft drinks provide energy but no vitamins, fibers, or micronutrients, while fruit
juices, compared to whole fruits, contain little amounts of fibers.

Consumption of sugar-sweetened beverages is robustly associated with risk of NCD An as-
sociation between 100% fruit juices and NCD is inconsistently observed. However, no study
demonstrates that the consumption of one fruit juice per day decreases NCD risk to the same
extent as consumption of one fruit does. The possible replacement of one serving of fruit or
vegetable by a fruit juice is not supported by studies showing that fruit juices and whole fruits
have comparable health benefits, and should be withdrawn.

Sugar-sweetened beverages, including 100% fruit juices, should be represented at the top
level of the Swiss food pyramid together with sweets, salty snacks and alcoholic beverages,
with the current recommendation of a moderate consumption.

There is presently no evidence that the consumption of artificially sweetened beverages is
associated with a lower risk of NCDs. At the opposite, there is emerging concern that it may
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have adverse health effects, through mechanisms which remain however hypothetical. Alter-
ations of food intake control by the brain [154] and changes in gut microbiota [155] may pos-
sibly be involved. Artificially sweetened beverages should not be recommended as substitutes
for sugar-sweetened beverages, and water should be the main source of fluid intake.

Fruit and vegetables intake and their
impact on chronic diseases

Author: Murielle Bochud

Introduction

Fruits and vegetables are generally low in energy density and are sources of several vitamins,
minerals, starches, and various phytochemicals considered to be beneficial for health. In the
2010 Global Burden of Disease study, diets low in fruits belonged to the most prominent die-
tary risk factors for death and disability-adjusted life years (DALYs) worldwide [156]. The com-
bination of dietary risk factors and physical inactivity was estimated to account for 10.0% (95%
uncertainly interval: 9.2—-10.8) of global DALYs in 2010 [156]. In the 2013 Global Burden of
Disease study, dietary risks (including low fruit intake, ranking 10", and low vegetables intake,
ranking 20™) accounted for 11.3 million deaths and 241.4 million DALYs worldwide and were
the most important burden of all clusters of risk assessed [157] . Diet low in fruit had the
highest burden (very close to the one of high sodium intake) of all dietary risk factors as-
sessed, whereas diets low in whole grains and vegetables were ranking third and fourth, re-
spectively [157]. In the 2015 Global Burden of Disease study, suboptimal diet remains, by far,
the strongest contributor to DALYs worldwide, for both men and women [158]. For diets low
in fruits and/or vegetables, most of the impact is on cardiovascular disease, in particular is-
chaemic heart disease, ischaemic and hemorrhagic strokes [158].

Definitions

In the Swiss legislation, fruits and vegetable are described in the food legislation: fruit is de-
fined as an unprocessed plant product. A distinction is made between the following types of
fruit: pome fruit, stone fruit, berries, citrus fruits, exotic fruits such as pineapples, bananas,
dates, figs and avocados; hard nuts or nuts. In the following “fruit” will be narrowed down to
sugar-containing products (in the frequent range of 8 to 18 % sugar / edible part). Nuts will be
treated separately (chapter 7.2), due to their higher fat content.

Vegetables are plants, or parts of plants that serve human nutrition. A distinction is made
between the following vegetable species: tuber and root vegetables, stem vegetables, leafy
vegetables, fruit vegetables, fresh legumes and pulses (unripe, the ripe and drier seeds of
legumes or pulses are described in chapter 6.3), allium plants, chicory plants, flower vegeta-
bles, algae, edible germinated seeds (seedlings). This description includes potatoes as a tu-
ber food. From a dietary point of view, potatoes are considered as a starchy food, and will
therefore not be included in the following considerations.

Current recommendations and intake data

The Swiss society of nutrition (www.sge-ssn.ch) currently recommends consuming 3 portions
of vegetables and 2 portions of fruit of varying color each day. One portion corresponds to
120 g. This amounts to 600 g of fruits and vegetables per day, and, as already mentioned in
chapter 3.3. It is suggested that one portion per day could be replaced by 2 dI of 100% pure
vegetable juice resp. fruit juice (without added sugar). Frozen fruits and vegetables are a
suitable replacement for fresh ones.
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In 1990, WHO suggested consuming more than 400 g of fruits and vegetables per day to
improve overall health and reduce the risk of certain non-communicable diseases (NCDs).
This led to the launch of 5-a-day campaigns in several countries (e.g. UK, France, Germany,
Switzerland). In the USA, the 5-a-day message was dropped in 2007 and replaced by “Fruit
and veggies-more matters”. In Australia, the “Go for 2+5” campaign was launched in 2005,
recommending two portions of fruit (150 g per portion) and 5 portions of vegetables (75 g per
portion) daily (total of 675 g of combined fruits and vegetables per day). The differences in
health policies across countries reflect, in part, the fact that, for selected relationships, the
level of evidence is not very strong. The evidence for a protective effect of fruits and vegeta-
bles on cardiovascular disease (CVD) appears to be quite robust. More uncertainty exists for
the relation with cancer.

The World Cancer Research Fund has the following public health recommendation [159]:
population average consumption of non-starchy vegetables and of fruits should be at least
600 g (21 oz) daily, with varying colors including red, green, yellow, white, purple and orange,
including tomato-based products and allium vegetables such as garlic. The WCRF has the
following recommendation: eat at least five portions/servings (at least 400 g) of a variety of
non-starchy vegetables and fruits every day.

Summary box recommendations and intake

Fruit and Vegetables Description and recommendations

Current daily recom- 5 portions per day of different colours, at least 3 portions should be vegetables
mendations current and 2 fruit. 1 portion = 120 g.

Swiss Food Pyramid One daily portion of fruit or vegetables can be replaced by 2 dl of vegetable or
[2] fruit juice (with no added sugar)

Daily Intake in Swit- See below

zerland [3]

Total

Current intake data for Switzerland

The first national nutrition survey (menuCH [3]) conducted in 2014-2015 included 2000 par-
ticipants across the three main linguistic regions of Switzerland and provides population-
based information on fruit and vegetables consumption in adults aged 18 to 75 years [3].
Data are based on two standardized non-consecutive 24-hour recalls. Only 3.3% (3.0% of
men and 3.6% of women) follow current national nutritional recommendations and report at
least 2 portions of fruit and 3 portions of vegetables per day. A substantial proportion of Swiss
adults consume less than one portion per day (15.8% of men and 10.3% of women). The
mean intakes of vegetables and fruit were 203 and 171 g per day, respectively [3].

Putative mechanisms

The association of NCDs with fruit and vegetable intakes has been studied at different levels,
including from a dietary pattern perspective: diets including a high intake of fruit and vegeta-
bles often also include whole cereals, and might be low in meat, sugary food items [160]. A
higher intake of fruit and vegetables can be correlated with a higher intake of fiber, specific
vitamins, minerals and phytochemicals, low energy density and high nutrient density. Most
studies (RCTs and / or observational studies) address some of these elements.

The molecular mechanisms linking fruit and vegetables intakes with health outcomes are un-
clear and current evidence is somewhat conflicting. Among the hypotheses, antioxidants and
polyphenols in fruit and vegetables (e.g. vitamin C, vitamin E, carotenoids and/or flavonoids)
might reduce cardiovascular risk via blood pressure reduction [161], decreased lipid oxidation
in arteries [162] and decreased endothelial dysfunction [163]. Also, fruit and vegetables are
rich in magnesium and potassium and may thereby reduce blood pressure [164, 165]. Fruit
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and vegetables are also good sources of dietary fiber, which may reduce insulin resistance
[166]. Yet, a few examples exist for which the results of observational studies conflicted with
those of experimental studies: (a) relation between vitamin C and coronary heart disease
[167]; (b) vitamin and antioxidant supplements and prevention of cardiovascular disease
[168]. For fruit and vegetables intakes, there is limited experimental evidence and most find-
ings come from large-scale population-based cohorts. There is no randomized controlled trial
(RCT) exploring the impact of an intervention modifying fruit and vegetables intake on the risk
of chronic diseases. Of note, the consumption of fruit and vegetables tends to be positively
correlated with other protective dietary risk factors, such as consumption of whole grains, and
negatively correlated with the consumption of harmful foods, such as processed meat [156].
This implies that the protective effect of fruit and vegetables may be under- or over-estimated
depending on the type of adjusted analyses conducted [156].

Review of literature

No randomized controlled trial exploring the impact of an intervention modifying fruit and/or
vegetables intake on the risk of chronic diseases (cardiovascular disease [CVD], cancer or
other types of common non-communicable diseases) was found [158]. In a Cochrane system-
atic review [169] including 10 interventions aiming at increasing fruit and vegetables intake
among adults with at least 3-month follow-up (randomized controlled trials, cluster-random-
ized trials and cross-over trials), with a total of 1730 participants, the advice lead to an in-
crease in fruit and vegetables consumption (with differing advices between trials) was asso-
ciated with reduced systolic blood pressure (-3.0 mmHg, 95% CI [-4.92 to -1.09], p=0.002; 2
studies/891 participants) but not with blood lipid levels. No clinical events were recorded in
the latter study [169].

A systematic review and meta-analysis of 8 trials, including 1026 participants, that assessed
the effect of increasing fruit and vegetables consumption on body weight, found a small, but
significant reduction in body weight of 540 g (95%CI: 40 g — 1050 g) at the end of the inter-
vention (duration ranging from 4 to 52 weeks) in the high fruit and vegetables arm, compared
to the low arm [170, 171].

All-cause mortality

In the most recent meta-analysis of prospective studies that used the NutriGrade scoring sys-
tem to grade study quality, high compared to low intakes were associated with reduced all-
cause mortality: 7% (95%CI: 5% — 10%) for vegetables (37 studies, 121’067 deaths) and 9%
(95%CI: 6% — 11%) for fruit (24 studies, 120’033 deaths)9. Each 100g/d increase in vegeta-
bles and fruit intake were associated with 4% (95%Cl: 2% — 5%) and 6% (95%ClI: 3% - 8%)
reductions in all-cause mortality, respectively, with significant heterogeneity across studies,
even after stratifying by sex and geographic location [172]. For both vegetables and fruit, the
dose-response relation was non-linear, with a significant mortality reduction with 200 g per
day of vegetables or fruits with no additional benefit at higher intakes.

In a systematic review and meta-analysis including data from 7 prospective cohort studies
(553’698 participants and 42’219 deaths), an increment of one serving of fruit and vegetables
per day was associated with 5% (95%CI: 2%-8%) lower relative risk of all-cause mortality; in
the latter study, a significant heterogeneity was observed across studies with evidence for a
non-linear dose-response relation including a ceiling effect at 5 servings per day (i.e. no ad-
ditional benefit observed beyond 5 servings per day 10; the relative risk for one serving per
day was 6% (95%ClI: 1%-8%) for fruit and 5% (95%CI: 1%-8%) for vegetables (data from 7
cohorts including 660’186 participants and 40’192 deaths) [173]. There was evidence for a
non-linear dose-response relation both for vegetables and fruits, with further benefit for in-
takes above approx. 200g of vegetables or fruits [173].

Eidgendssisches Departement des Innern EDI | Eidgendssische Ernahrungskommission EEK 28



The largest cohort, considered in this meta-analysis was EPIC, including 451,151 participants
aged 25 to 70 years from 10 European countries with a median follow-up of 12.8 years and
25’682 deaths. This study found that an upward shift of one quartile in the consumption of fruit
and vegetables (i.e. an increase of about 200 g/day/quartile) would prevent 2.68% of all
deaths [174]. The highest quartile of fruit and vegetables consumption (>569 g/day) was as-
sociated with a 11% reduced risk of death compared with the lowest quartile (<249 g/day)
[174]. In the EPIC cohort, a stronger negative association was observed for raw than for
cooked vegetables, this more in southern European countries than in northern ones and ad-
justment for total energy intake did not change the results [174]. In the EPIC cohort, the me-
dian daily intake of fruit, vegetables and combined were 194 g/day, 173 d/day and 388 g/day,
respectively, with large variations across countries (from 102 g/day in Sweden to 422 g/day
in Greece for vegetables; from 137 g/day in Norway to 335 g/day in Greece for fruit) [174]. In
EPIC, the benefit of combined fruit and vegetables consumption against all-cause mortality
showed a threshold at 400 g/day, with no additional benefit at higher consumption levels [174].
A limitation of population-based cohorts such as EPIC is that participants are likely to be more
health conscious than randomly chosen people from the general population [175]. The amount
and types of fruit and vegetables eaten by the health conscious people may differ from those
eaten by other people [175].

In the Health Survey for England (HSE) including 65’226 participants aged 35 years and over
(2001-2008, median follow-up of 7.7. years), representative of the non-institutionalised popu-
lation of England, combined fruit and vegetables consumption of at least 7 portions was as-
sociated with 33% (95%Cl: 22%-42%) decreased all-cause mortality compared to consuming
less than 1 portion (about 80 g or a handful), with a dose-response relation [175]. Eating 2, or
3, portions of fruit in the previous day was associated with 10% (95%CI: 2%-18%), or 16%
(95%CI: 7%-24%), decreased all-cause mortality compared to eating less than 1 portion [175].
Eating 3 or more portions of vegetables in the previous day was associated with 32% (95%Cl:
21%-42%) decreased all-cause mortality compared to eating less than 1 portion) [175]. All-
cause mortality was reduced by 16% (95%ClI: 12%-19%) for each portion of vegetables, by
13% (95%CI: 8%-18%) for each portion of salad, by 4% (95%CI: 2%-5%) for each portion of
fresh fruit [175]. By contrast, all-cause mortality was increased by 17% (95%CI: 7%-28%) for
each portion of frozen or canned fruit [175].

In an Australian population-based prospective cohort study including 150’969 adults aged
over 45 years (mean age 60 years at baseline, 55.2% women), with a mean follow-up of 6.2
years (6038 recorded deaths), baseline consumption of fruit and vegetables was associated
with reduced all-cause mortality, when comparing the highest with the lowest quartiles of in-
take: 10% (95%CI: 3% — 16%) for fruit and vegetables, 16% (95%CI: 7% - 24%) for fruit, 7%
(95%CI: 0% — 13%) for vegetables [176]. For fruit and vegetables combined, the lowest and
highest quartiles reported a mean of 2.44 and 10.27 servings per day, respectively; for fruit,
the corresponding means were 0.001 and 3.73 servings, respectively; for vegetables, 1.65
and 7.83 servings, respectively [176]. In this cohort, diet was assessed using a short validated
self-administered questionnaire, with servings defined as one medium piece or two small
pieces of fresh fruit, or one cup of diced or canned fruit pieces as well as half a cup of cooked
vegetables (including potatoes) or one cup of raw vegetables [176]. The protective effect of
self-reported fruit and vegetables intake appeared to be higher in women than in men, in
younger people than in the elderly [176].

In the Kadoorie prospective cohort, including 500'000 Chinese adults aged 30-79 years fol-
lowed-up for 7 years (17'894 deaths recorded), all-cause mortality was 27% (95%ClI : 24%-
30%) lower per daily portion of fresh fruit, with a clear dose-response relation and similar
effects in men and women [177]; this effect was driven, in large part, by reductions in mortality
from cardiovascular disease, chronic obstructive pulmonary disease and cancer of the diges-
tive tract [177].
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Cardiovascular disease mortality and incidence
Although recent data confirm the protective role of fruit and vegetables against cardiovascular
mortality, there is substantial heterogeneity in effect sizes across studies.

In a systematic review and meta-analysis of prospective cohort studies, an increment of one
serving of combined fruit and vegetables per day was associated with 4% (95%ClI: 1%-8%)
lower cardiovascular mortality, without significant heterogeneity across studies (data from 4
studies including 469’551 participants and 6893 cardiovascular deaths) [173]; the risk reduc-
tion per daily serving (defined as 779 for vegetables and 80g for fruit) was 5% (95%CI: 0%-
9%) for fruit consumption and 4% (95%CI: 1%-7%) for vegetables consumption, with signifi-
cant heterogeneity across studies (data from 6 studies including 677°674 participants and
9744 cardiovascular deaths) [173].

In the Kadoorie prospective cohort, including 500'000 Chinese adults aged 30-79 years fol-
lowed-up for 7 years (6’166 cardiovascular disease deaths recorded), one additional portion
of fresh fruit per day was associated with 39% (95%CI: 30%-47%) lower relative risk of cardi-
ovascular disease mortality, with a clear dose-response relation [177].

Among 451’665 participants to the Kadoorie cohort without a history of CVD at baseline, 5’173
cardiovascular deaths and 2’551 major coronary events (fatal and non-fatal) have been rec-
orded after 5-6 year follow-up [178]. Each additional portion of fresh fruit per day was associ-
ated with 37% (95%CI: 28%-44%) lower cardiovascular mortality and 30% (95%CI: 17%-
40%) lower risk of major coronary events [178]. Similar associations were observed in men
and women, across age groups, education levels, smoking status and BMI categories [178].
In this study, assuming that the association is causal, low consumption of fresh fruit could be
responsible for 16% (95%CI: 10%-23%) of cardiovascular deaths [178].

In the Health Survey for England (HSE) including 65’226 participants aged 35 years and over
(2001-2008, median follow-up of 7.7. years), representative of the non-institutionalised popu-
lation of England, combined fruit and vegetables consumption of at least 7 portions was as-
sociated with 31% (95%CI: 12%-47%) decreased cardiovascular mortality compared to
consuming less than 1 portion (about 80 g or a handful), with a dose-response relation [175].

In a meta-analysis including 937,665 participants and 18,047 patients with coronary heart
disease (CHD) from 23 prospective studies, low versus high intakes were associated with
reduced risk of CHD, as follows: 16% (95% CIl: 10% - 21%) for fruit and vegetables, 14%
(95% CI: 9% — 18%) for fruit, 13% (95% CI, 7% — 19%) for vegetables [179]. The significant
inverse association was found in Western populations, but not in Asian populations [179]. The
dose-response relation tended to be non-linear, with some data showing a levelling-off at ap-
prox. 600g fruits + vegetables [179].

In the Spanish SUN prospective open cohort (1999 — ongoing) including 17°007 University
graduates with mean age 38 years and 61% women, 112 cases of CVD (56 myocardial in-
farction, 33 strokes, 33 cardiovascular deaths) occurred during the median follow-up of 10.3
years [180]. Compared to participants in the lowest quintile of fruit consumption (median in-
take of 90 g/d), risk of CVD was reduced in those in the upper quintiles: 50% (95%Cl: 2%-
74%) for the third quintile (median intake of 280 g/d), 46% (95%CI: 0%-71%) for the fourth
quintile (median intake of 398 g/d), 49% (95%CI: 5%-73%) for the fifth quintile (median intake
of 653 g/d) [180]. This latter study includes highly educated young people, thereby limiting the
external validity of the findings. Intake of vegetables was not associated with risk of CVD in
this study [180].

In the PREDIMED multicentric randomized controlled trial aiming at assessing the protective
effects of a Mediterranean diet on CVD, 7216 men (55-80 years) and women (60-80 years)
at high cardiovascular risk (either type 2 diabetes or three cardiovascular risk factors) devel-
oped 342 composite CVD events (cardiovascular death, myocardial infarction and stroke)
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during a 7-year follow-up [181]. Eating 9 or more servings per day of fruit and vegetables (=
720 g/d) was associated with 40% (95%Cl: 4% - 60%) reduced risk of CVD [181]. Results for
fruit and vegetables, when assessed separately, were not significant although a tendency
toward a negative association was observed. An interesting feature of this study was the
yearly dietary assessment using validated food-frequency questionnaires that allowed ac-
counting for changes in diet during follow-up [181].

Stroke mortality and incidence

In a meta-analysis including 20 prospective cohort studies with 16’981 strokes among 760°'629
participants with mean follow-up durations ranging from 3 to 37 years, the highest category of
fruit and vegetables consumption was associated with a 21% (95%CI: 16% — 25%) reduction
in the risk of stroke compared to the lowest category, with a linear dose-response relation and
similar results for ischaemic and haemorrhagic strokes [182]. Each 200 g/day increase in fruit
and vegetables consumption was associated with a 32% (95%CI: 18% - 44%) and 11%
(95%CI: 2% - 19%) reduced risk of stroke, respectively [182].

In the Kadoorie prospective cohort, including 500'000 Chinese adults aged 30-79 years fol-
lowed-up for 7 years (2’351 haemorrhagic stroke and 585 ischaemic stroke deaths recorded),
one additional daily portion of fresh fruit was associated with 38% (95%Cl : 21% - 51%) lower
relative risk of haemorrhagic stroke mortality and with a non-significant 32% (95%CI : (-7%) -
57%) lower relative risk of ischaemic stroke mortality, with a clear dose-response relation
[177]. Among 451’665 participants to the Kadoorie cohort without a history of CVD at baseline,
14’579 ischaemic strokes and 3'523 intracerebral hemorrhages have been recorded after 5-
6 years of follow-up [178]. Compared to non-consumers, those who reported to consume fresh
fruit daily (18% of the cohort, whereas 95% were daily vegetable consumers) had 25%
(95%CI: 21% — 28%) lower risk of ischaemic stroke and 36% (95%CI: 26% - 44%) lower risk
of haemorrhagic stroke [178]. Each additional daily portion of fresh fruit was associated with
20% (95%Cl: 15% — 25%) lower risk of ischaemic stroke and 31% (95%CI: 19% - 41%) lower
risk of haemorrhagic stroke [178]. For ischaemic stroke, the association appeared to be
stronger in men, in highly educated people, in participants from urban areas and in those
drinking alcohol regularly [178].

Overweight, obesity and weight gain

In a meta-analysis including 17 prospective cohort studies including 563,277 participants, fruit
and vegetables intakes were inversely associated with risk of adiposity and weight improve-
ment. Yet the quality of the evidence was considered as low [183].

Type 2 diabetes

In a meta-analysis of prospective studies, high versus low intakes of fruit or vegetables were
associated with non-significant reduced risk of type 2 diabetes: 5% (95%CI: (-1% -11%) for
vegetables (13 studies with 63’299 type 2 diabetes cases) and 4% (95%CI: 0% - 7%) for fruit
(15 studies with 70°968 type 2 diabetes cases). For each 100 g/day increase in vegetables
or fruit intakes, the risk of type 2 diabetes was (non-significantly) reduced by 2% (95%Cl: 0%
- 4%) and 2% (95%Cl: 0% - 3%), respectively [184]. There was evidence of a non-linear
relation between vegetables or fruits and risk of type 2 diabetes [184], with lowest risks at
approx. 200 g fruits resp. vegetables.

In the Kadoorie prospective cohort, including 500'000 Chinese adults aged 30-79 years fol-
lowed-up for 7 years, risk of incident type 2 diabetes was 12% (95% CI: 5%-19%) lower per
daily portion of fresh fruit consumption [185].

Cardiovascular risk factors
Among 451’665 participants to the Kadoorie cohort without a history of CVD at baseline [178],
after 5-6 years of follow-up, fresh fruit consumption was inversely associated, in both men
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and women, with systolic blood pressure and blood glucose with a dose-response relation,
whereas the association with body mass index and waist circumference was positive.

Cancers

In 2007, the World Cancer Research Fund (WCRF) and the American Institute for Cancer
Research (AICR) comprehensively reviewed the relationship between diet and cancer risk
[186]. High intake of fruit and vegetables probably decreases the risk of cancers of the diges-
tive tract (mouth, larynx, pharynx, oesophagus, and stomach). The following conclusions have
been reached: (1) non-starchy vegetables probably decrease the risk of mouth, pharynx, lar-
ynx, oesophagus and stomach cancer; (2) fruit probably decrease the risk of mouth, pharynx,
larynx, oesophagus, stomach and lung cancer; (3) allium vegetables probably decrease the
risk of stomach cancer and garlic the risk of colorectal cancer. The likely beneficial effect of
fruit and vegetables could come from the fact that they are sources of beneficial molecules
and the following links have been made: foods containing folate likely protect against pan-
creas cancer, carotenoids against mouth, pharynx, larynx and lung cancers, beta-carotene
and vitamin C against oesophagus cancer, lycopene and selenium against prostate cancer.

The 2007 WCRF/AICR second expert report is now being continuously updated (Continuous
Update Project [CUP]) (http://www.wcrf.org/int/research-we-fund/continuous-update-project-
cup). The CUP, with more data available, has confirmed the conclusion of the WCRF/AICR
second expert report that there is currently no convincing evidence that fruit and vegetables
play a role on cancer etiology [186]. The association of fruit and vegetables intake and the
risk of colorectal [187], breast [188], pancreatic [189], bladder [190] and lung [191] cancer
was re-examined in the Continuous Update Project (CUP) and the results were quantitatively
summarised in meta-analyses (see below).

All cancers

In a systematic review and meta-analysis including data from 7 prospective cohort studies
(640°852 participants and 16’468 cancer deaths recorded), an increment of one serving of
fruit (defined as 80 g) per day was associated with 1% (95%CI: 0%-3%) lower cancer mortal-
ity, without significant heterogeneity across studies (-) [173]; an increment of one serving of
vegetables (defined as 77 g) per day was associated with 1% (95%Cl: (-1%)- (+3%)) lower
cancer mortality, without significant heterogeneity across studies (data from 8 prospective
cohorts including 16’510 cancer deaths from 642’123 participants) () [173]. An increment of
one serving of combined fruit and vegetables per day was associated with 3% (95%CI: (-3%)-
(+10%)) lower cancer mortality for each additional serving per day, without significant hetero-
geneity across studies (data from 2 prospective cohorts including 10’745 cancer deaths from
457’302 participants) [173].

In the Kadoorie prospective cohort, including 500'000 Chinese adults aged 30-79 years fol-
lowed-up for 7 years (6’796 cancer deaths recorded), one additional portion of fresh fruit per
day was associated with 16%(95%CI: 4%-26%) lower relative risk of cancer mortality, with a
dose-response relation [177].

In the Health Survey for England (HSE) including 65’226 participants aged 35 years and over
(2001-2008, median follow-up of 7.7 years), representative of the non-institutionalized popu-
lation of England, combined fruit and vegetable consumption of at least 7 portions was asso-
ciated with 25% (95%CI: 4%-41%) decreased cancer mortality compared to consuming less
1 portion (about 80 g or a handful) [175].

Bladder cancer
In two meta-analyses, fruit and vegetables consumption was not associated with the risk of
bladder cancer [190, 192].

Eidgendssisches Departement des Innern EDI | Eidgendssische Ernahrungskommission EEK 32



Breast cancer

In a systematic review and meta-analysis including data from 15 prospective studies, the re-
duction in breast cancer risk for the highest versus lowest intake was: 11% (95%Cl: 1% -
20%) for fruit and vegetables combined, 8% (95%CI: 2% - 14%) for fruit and 0% (95%CI: (-
6%) — 5%) for vegetables [188]. Hence, high intake of fruit, and fruit and vegetables combined,
but not vegetables alone, appears to be weakly associated with reduced risk of breast cancer
[188].

Colorectal cancer

In a meta-analysis including 19 prospective studies including over 1.5 million participants, the
following reduced risk of colorectal cancer for the highest versus lowest intakes were: 8%
(95%Cl: 1%-14%) for fruit and vegetables combined, 10% (95%CI: 2%-17%) for fruit, 9%
(95%CI: 4%-14%) for vegetables, with little heterogeneity across studies [187]. The possible
protective effect of fruit and vegetables intake appeared to be restricted to colon cancer [187].
Colorectal cancer risk decreased non-linearly with increasing intakes of fruit and vegetables
[187].

In the EPIC study (521’448 followed-up for 13 years, 3’370 colorectal cancer cases), a high
consumption of fruits and vegetables at baseline was weakly associated with lower risk of
colorectal cancer, with no consistent association for separate fruit and vegetables consump-
tions and no association with the risk of rectal cancer [193]. No clear association was found
beyond a follow-up of 10 years [193].

A recent publication of the WCRF Continuous Update Project concluded that current evidence
for a protective effect of vegetables on colorectal cancer risk was present, although weak, and
that no significant protective effect of fruit was observed: the reduced colorectal cancer risks
per 100 g/day increase in consumption were: 2% (95%CI: 1%-3%) for fruit and vegetables,
4% (95%Cl: 0%-7%) for fruit and 2% (95%CI: 1%-4%) for vegetables [194]. The authors
describe a significant non-linear relationship with higher risk of colorectal cancer for low in-
takes (< 300 g/day) of fruit and vegetables and no further reductions with intakes above 700
g/day [194].

In the Kadoorie prospective cohort, including 500'000 Chinese adults aged 30-79 years fol-
lowed-up for 7 years (474 colorectal cancer deaths recorded), one additional daily portion of
fresh fruit was associated with a statistically non-significant 35% (95%Cl: (-4%)—(+59%))
lower relative risk of colorectal cancer mortality [177].

Lung cancer

In a meta-analysis including 37 studies with more than 20’000 lung cancer cases, vegetable
intake (high vs low category) was associated with lower risk of lung cancer in both case-
control (39% [95%Cl: 30%-46%]) and cohort studies (12% [95%CI: 3%-19%]) [195]. Fruit in-
take (high vs low category) was associated with lower risk of lung cancer in both case-control
(23% [95%CI: 12%-33%]) and cohort studies (16% [95%Cl: 6%-25%]) [195]. Results were
heterogeneous across studies, independent of smoking status and associations tended to be
stronger in women [195]. In a recent meta-analysis including a slightly different set of studies,
there was evidence of a non-linear relationship for both fruit and vegetables with a plateau
reached at around 200 g/day [191]. In the large EPIC cohort (included in the meta-analyses),
a 100 g/day increase in fruit and vegetables intake was associated with a 6% (95%CI: 1%-
11%) reduction in lung cancer risk (521,468 participants aged 25—70 years, 1,830 incident
cases, 8.7 years of follow-up) [196]. In EPIC, there was some evidence of effect modification
by smoking (with a negative association in smokers and no association in never smokers) and
possibly residual confounding.

Oesophageal cancer

A meta-analysis of prospective studies (1°160’130 participants and 1057 cases from 6 studies)
concluded that citrus fruits may decrease the risk of esophageal and gastric cardia cancers,
but further studies are needed [197].
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In the Kadoorie prospective cohort, including 500'000 Chinese adults aged 30-79 years fol-
lowed-up for 7 years (801 oesophageal cancer deaths recorded), one additional daily portion
of fresh fruit was associated with 38%(95%CI : 5%-60%) lower relative risk of oesophageal
cancer mortality, with a clear dose-response relation [177].

Pancreatic cancer

In a pooled analysis of data from 14 cohort studies (North America), including 319’673 men
and 542'911 women with 2’212 pancreatic cases during a follow-up ranging from 7 to 20
years, intakes of fruit and vegetables, fruit alone or vegetables alone were not associated with
risk of pancreatic cancer, without evidence for heterogeneity across studies [189].

Stomach cancer

A meta-analysis including 24 studies (2.4 million participants, 6632 gastric cancer cases, me-
dian follow-up of 10 years) found the following risk reductions for high versus low consump-
tion: 10% (95%CI: 2% - 17%) for fruit and 4% (95%Cl: (-6%) — 12%) for vegetables [198].
These results suggest a protective effect of fruit, but not vegetables.

In the Kadoorie prospective cohort, including 500'000 Chinese adults aged 30-79 years fol-
lowed-up for 7 years (990 stomach cancer deaths recorded), one additional daily portion of
fresh fruit was associated with a non-significant 20%(95%Cl : (-10%)-(+42%) lower relative
risk of stomach cancer mortality, with a clear dose-response relation [177].

A meta-analysis including 5 prospective cohorts (follow-up between 4.5 years and 11 years),
found a 13% (95%ClI: 1% - 24%) reduced risk of gastric cancer for high intake of citrus fruit
with a dose-response relation [199]. The gastric cancer risk reduction per 100 g/day intake of
citrus fruit provided in this study is surprisingly large (40% [95%CI: 27%-56%]) and the results
should therefore be interpreted with caution [199].

Chronic obstructive pulmonary disease (COPD)

In the Swedish Kaluza cohort including 44 335 men, aged 45-79 years (1918 incident COPD
cases during the mean follow-up of 13.2 years), each additional serving in combined fruit and
vegetables intake decreased risk of COPD significantly by 8% (95% Cl 4% to 11%) in current
smokers and by 4% (95% CIl 0% to 7%) in ex-smokers, whereas no such effect was observed
in never-smokers [200].

In the Kadoorie prospective cohort, including 500'000 Chinese adults aged 30-79 years fol-
lowed-up for 7 years, mortality from COPD (n=1119 deaths) was 49% (95%CI : 27%-65%)
lower per additional portion of fresh fruit per day [177].

Final conclusions and recommendations

A majority of studies show a beneficial association between fruit and vegetables intake and
selected NCDs, as well as overall mortality. Putative causal mechanisms are unclear at this
stage. The studies do not all show a linear increase in benefits with an increase in intake, with
most studies showing maximal associations at intakes of approx. 200-300 g of vegetables per
day and 200-300 g of fruit per day. Beneficial effects of consumption up to two servings of
whole fruits and up to = three servings of vegetables/day are well supported by the current
literature, and the existing recommendations should be more specific. Available studies were
performed mainly with fresh products without specific details on the degree of processing. At
the time being, there is no clear evidence for recommending canned products.

These studies did not include fruit juices. Specific studies on this topic are reviewed in chapter
3.3.
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Cereals and starchy foods

Author: Luc Tappy

Introduction

The macronutrient composition of the diet has long been a major area of interest in public
health nutrition. More specifically, the relationship between dietary carbohydrate and health
outcomes has been the subject of many controversies in the past, and have recently become
an area of intense area of intense questioning and re-assessment. Dietary recommendations
in the 1980es mainly aimed at increasing total carbohydrate in order to reduce saturated fat
and cholesterol intake. However, several new health-related effects of carbohydrates have
been identified since then. First, dietary sugars intake has increased markedly, to represent
presently between 15 to 20% of total energy instead of the 10% recommended by most na-
tional and international agencies. Second, it has been recognized that health outcomes were
not only associated with the amount of sugars and starch intake, but also with the food classes
from which they were obtained. This led to some paradoxical observations, for instance that
total fructose intake was associated with adverse effects [201, 202], yet that consumption of
fruits (see chapter 6), which is a major source of dietary fructose, was associated with protec-
tive effects against non-communicable diseases (NCD). Along the same line, evidence has
steadily built to demonstrate that the intake of starchy foods from different food groups have
different health effects.

Definition of “cereals and starchy foods” and present level of intake

Starch represents the most important part of total dietary carbohydrate, and as such makes a
major contribution to overall energy intake. It is mainly consumed in form of foods presently
grouped as “grain, potatoes and pulses” in the Swiss food pyramid.

Cereals provide metabolizable energy as starch, but also contain variable amounts of pro-
teins. In addition, unrefined cereals contain soluble and insoluble dietary fibers and micronu-
trients. Whole wheat flour contains 72 g starch, 13 g protein, and 10g dietary fibers/100g
(protein:starch ratio = 0.18, fiber:starch ratio= 0.14. Fiber and micronutrients’ content however
decreases with refining. Tuberous legumes are starch-storing roots which contain little pro-
tein, and less fibers and micronutrients than cereals. Potatoes, which are by far the most
widely consumed tuberous legume in Switzerland, contains about 17g starch, 2 g protein
(protein:starch ratio = 0.12), and 2 g fibers (fiber:starch ratio = 0.12) / 100 g. Pulses provide
metabolizable energy as starch, but are also a major source of vegetable protein, and contain
important amounts of dietary fibers. This subclass of starchy foods is discussed in chapter 6
with other protein-rich foods.

Summary box current recommendations and intake

Grains, potatoes, Description and recommendations

pulses

Current daily recom- 3 portions per day. Cereals should preferably be whole grain. 1 portion = 75-125

mendations current g bread/pastry or 60—100 g pulses (dry weight) or 180-300 g potatoes, or 45-75

Swiss Food Pyramid g crisp bread/whole-grain crackers/ flakes/flour/pasta/rice/corn/other grains (dry

[2] weight).

Daily Intake in Swit- The recent Swiss nutrition survey “menuCH? reports that the average consumption

zerland [203]. of grains, potatoes and pulses is 2.4 servings per day, with minor differences ac-
cording to age, gender and geographical location. Bread, pasta, ice and potatoes
represent the main source of intake, while average daily pulse intake account for
4.1 g (ltalian-speaking part of Switzerland) to 11.9 g (German-speaking part of
Switzerland)
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Potential mechanisms linking cereals and starchy food intake to health outcomes
Postprandial hyperglycemia and hyperinsulinemia have been proposed to contribute to the
development of insulin resistance, pancreatic beta cell exhaustion, and the development of
type 2 diabetes. Hyperinsulinemia has also been proposed to play a pathogenic role in the
development of hypertension and of atherosclerosis. In addition, high carbohydrate diets are
also associated with high plasma triglyceride, low HDL cholesterol concentrations, and an
increase in small, dense LDL particles, compared to high fat diet, and these alterations of
blood lipids may be important factors in the development of atherosclerosis. It is also increas-
ingly recognized that postprandial hyperglycemia and hyperinsulinemia are frequently asso-
ciated with postprandial hypertriglyceridemia, mainly due to accumulation of low-density, TG-
rich chylomicrons- and VLDL- remnants, and that this may constitute a powerful atherogenic
factor [204—206].

The ingestion of isocaloric amounts of starch exert variable postprandial glucose, insulin and
blood lipid responses according to the food source and pre-ingestion food processing. For
example: the same starch load will elicit a lower blood glucose response when eaten as brown
rice than as refined white rice, or as “al dente” than overcooked pasta [207]. Several mecha-
nisms may account for such between-foods variability:

e  Starch digestibility and biovailability

. Rate of starch digestion and of subsequent intestinal glucose absorption

. Dietary fiber:starch ratio, with dietary fibers (mainly soluble fibers) delaying intestinal
transit time.

Several criteria have been proposed to predict the postprandial metabolic responses and long

term health effects of carbohydrate-containing foods.

1. Glycemic index (Gl) of foods and glycemic load (GL) of the diet: The Gl of carbohydrate
containing foods is defined as the ratio of its postprandial incremental glycemic response
to that of isocaloric amounts of pure glucose [204]. Gls of a large range of foods can be
retrieved from online database, such as http://www.glycemicin-
dex.com/foodSearch.php?num=2659&ak=detail.

Gl varies according to the food’s fiber content (legumes and unrefined cereals have a
high fiber content and a low Gl), to the degree of cooking (longer cooking time increase
Gl), and to the ripeness of fruits.

The effects of foods on postprandial blood glucose depends on both their Gl and the
amount of food consumed, which implies that some studies calculate a GL, ie the amount
of carbohydrate consumed from a carbohydrate-containing food multiplied by its Gl;
these parameters provide a better estimate on glycemic responses, but is not independ-
ent of total energy. In addition, the presence of fructose in a food decreases its Gl, but
there is concern that fructose may exert adverse effects of its own [114].

2. Degree of grain refining. Much literature has documented that consumption of unrefined
cereals are associated with low levels of blood glucose and lipids and with beneficial
health outcomes. Since unrefined cereals include products ranging from partially refined
flour to completely unprocessed grains, and since beneficial effects are mostly observed
with unrefined products, authors have proposed that “whole grain products” may be the
healthiest source of dietary carbohydrate. Whole grains are generally defined as the in-
tact, ground, cracked or flaked kernel of cereals after the removal of inedible parts such
as the hull and husk. Whole grain can be processed as long as the grain components
(endosperm, germ and bran) are present in the same relative proportions as they exist
in the intact grain [208]. There is presently no unanimously accepted definition for whole
grain, however [209].
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3. Food’s fiber content. Since postprandial metabolic responses are largely conditioned by
the dietary fiber component of foods, dietary fiber intake may be used as a “proxy” index
for carbohydrate quality. Dietary fiber intake however reflects consumption of starchy,
fiber rich foods (unrefined cereals, some starchy vegetables (some tuberous vegetables,
legumes,) and of sugar-rich fruits and vegetables. It does not take into account the spe-
cific effects of soluble vs insoluble fibers, nor the effects of food processing or meal prep-
aration.

Review of literature

Methods

Documentation of the associations between types of cereals and other starchy foods and
health outcomes covers a broad range of clinical outcomes, which have been addressed by
a very large number of studies. The Scientific Advisory Committee on Nutrition, U.K. (SACN)
has recently carried out an extensive analysis of the literature available, and the present anal-
ysis is largely based on its report [108]. In addition, we extracted meta-analysis published
between 2012 and 2017, and which assessed the association between either whole grains
intake or diet GI/GL on one hand and total mortality, obesity, type 2 diabetes mellitus, cardio-
vascular diseases (total, coronary heart disease, stroke, hypertension), or cancer on the other
hand. We also included meta-analyses assessing the health outcomes associated with total
dietary fiber intake if they also provided a sub-analysis by food classes. The extracted meta-
analysis and their main conclusions are summarized in tables 5.1-5.4.

Results

Total dietary starch intake

We first took into consideration that both the total amount of dietary carbohydrate and the type
of carbohydrate consumed might be relevant for human health. Current recommended dietary
intake is set at 50-55% by the European Food Safety Agency (EFSA) [210] and by many
national food agencies. It has however been observed that high carbohydrate diets were as-
sociated with high blood triglyceride and low HDL cholesterol concentration, and that these
effects may increase cardiovascular and metabolic risk [211]. We therefore searched for evi-
dence linking total dietary starch intake and health outcomes. This question has been ad-
dressed in the SACN report on carbohydrate, [108]. The SACN expert panel systematically
assessed the associations between total dietary starch content and health related outcomes.
Of 7 cohort studies that presented evidence on total starch intake and incidence of coronary
heart disease [212—218],only one of them one [217] observed that total starch intake was
associated with greater incidence of coronary events in men, but not in women. Based on the
analysis of 4 cohort studies [219-222], the SACN also found no association between starch
intake and the incidence of type 2 diabetes. Their report also concluded that the consumption
of refined grains was not associated with cardiovascular and type 2 diabetes incidence [108],
but that the consumption of white rice was positively associated with adverse cardiometabolic
health outcomes (RR 1.11, 95% CI 1.08, 1.14 for each 1589 serving/day increase). Average
daily rice intake in Switzerland is 62.5-73.9 g, ie much lower than daily intakes associated with
possible adverse health effects [108].

Association according to specific foods (whole grain vs refined cereals; low Gl vs
high GlI; dietary fiber content)

We next searched for evidence linking specific starchy foods and health outcomes. For this
purpose, we relied on critical reviews and meta-analyses having directly or indirectly assessed
the associations between whole grain vs refined cereals consumption, low vs high Gl foods
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consumption, or between low vs high total dietary fiber intake on one hand, and the risk of
cardiovascular and metabolic diseases, of cancers, and total mortality on the other hand. The
main observations are summarized in supplementary tables S5.1-S5.4. As a further source of
summary information, the SACN report on carbohydrate includes an exhaustive compilation
of prospective cohort studies and detailed meta-analyses pertaining to a large list of health-
related issues [108].

Cardiovascular risk

¢ by whole grain intake: the meta-analysis by Aune et al [223] reported a dose-depend-
ent association between whole grain consumption and a reduced incidence of coronary
heart disease (5 studies; RR 0.84 (0.77-0.92) per 90g intake/day) and cardiovascular
diseases (2 studies; RR =0. 87 (0.78-0.97)); there was no significant association with
stroke incidence however. The meta-analysis by Mellen et al, [224] compared health
outcomes in individuals with highest (> or= 2.5 serving/day) vs lowest (< 0.2 serving/day)
quantiles of whole grain consumption. They reported lower incidences of cardiovascular
disease in the highest quantiles in general adult populations (7 studies), in males only (2
studies), and in females only (2 studies) cohorts. The difference between high and low
consumers regarding the incidence of stroke was much less pronounced and of border-
line significance. Interestingly, these authors also compared low vs highly refined grain
consumption, and did not observe any effect on cardiovascular incidence.

e by diet GI/GL: the meta-analysis by Mirrahimi et al. [225] reported a lower incidence of
cardiovascular diseases in subjects consuming a low Gl vs high Gl foods(Gl: RR=1.11
(95% confidence interval [CI] 0.99 to 1.24) ; GL: RR=1.27 (95% CI 1.09 to 1.49). One
meta-analysis by Evens et al, reported a dose-response reduction in systolic and dias-
tolic blood pressure with decreasing Gl.

. by dietary fiber intake: one meta-analysis by Threapleton et al, [226]reported a dose-
dependent reduction association between total daily fiber intake and the risk of coronary
heart diseases (RR 0.91 (0.87-0.94) per 7 g fiber intake per day). Sub-analysis by food
groups indicated that fiber from cereals, fruits, and vegetables, were inversely associated
with cardiovascular risk. Another meta-analysis by the same authors reported also a
dose-dependent reduction in the risk of stroke [227].

Type 2 diabetes risk

e by whole grain intake: the meta-analysis by Aune et al, [223] reported a dose-depend-
ent reduction in the risk of type 2 diabetes with increasing whole grain consumption (RR
0.68 (0.58-0.81) per 3 servings/day); a sub-analysis confirmed this association for whole
grain consumed as bread, breakfast cereals, wheat bran and brown rice. The same meta-
analysis reported an increased risk with consumption of white rice.

e Dby diet GI/GL: the meta-analysis of Greenwood et al, [228] reported an increase risk of
developing type 2 diabetes with each 5-unit increase in the total dietary Gl (RR 1.08
(1.03-1.15). In contrast, the SACN meta-analysis of five prospective cohort studies ob-
served no significant association between Gl and incidence of cardiovascular disease
events. A meta-analysis of prospective studies by Mirrahimi et al, [225]reported that a
high dietary Gl or GL was significantly associated with coronary heart disease risk in
women, but not in men.

Obesity
Effects of starchy foods on food intake

Several studies have addressed potential relationships between starchy food intake and
body weight.
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c1) relationship of dietary GI/GL with total energy intake:

Several mechanistic studies tested the hypothesis that ingestion of foods with high Gl would
elicit a lower satiety and be associated with higher energy intake at subsequent meals. These
studies, performed on small number of subjects, and hence with little statistical power, did not
observe significant impact of diet Gl on subsequent food intake [229-231].

c2) effects of dietary GI/GL intervention studies on body weight:

Two RCTs compared the effects of a high vs low GI diet on body weight over periods of 6
months and 18 months and did not observe any significant difference [232, 233]. Finally, a
large multicentric European study (DIOGENES) compared the effects on body weight of five
different dietary conditions: a low-protein and low-Gl diet; a low-protein and high-Gl diet; a
high-protein and low-Gl diet; a high-protein and high-Gl diet; a control diet. Each dietary con-
dition was applied at the end of a weight loss program, and the primary outcome of the study
was the weight loss maintenance after 26 weeks. The analysis performed on the 938 subjects
having entered the study showed that 0.95 kg (95% CI, 0.33 - 1.57) less weight was re-gained
with the low Gl diets than with the high GI diets. [234, 235].

c3) PCS studies with association between whole grain intake and body weight
changes:

One meta-analysis of three prospective cohort studies documented that whole grain con-
sumption was associated with less body weight gain over time (+1.64 kg over 8-13 y in those
consuming 48-80 g 3-5 serving/d vs 1+1.27 kg in non-consumers, p<0.001). [236].

The literature addressing effects of starchy foods on body weight is by nature complex and
possibly affected by important bias. The SACN report concludes that the relationships be-
tween starchy foods intake (type of starch, fibers, Gl) is presently insufficient [108].

Gastro-intestinal and breast cancers
o by diet GI/GL: One meta-analysis by Mullie et al, [237] reported an increase in breast
cancer risk with increasing diet Gl (RR 1.05 (1.00-1.10).

¢ Dby total dietary fiber intake: a meta-analysis by Aune et al, [238] reported a dose-de-
pendent reduction in the risk of colon cancer with increasing dietary fiber intake (RR 0.90
(0.86-0.94) per 10 g daily dietary fiber intake ; a sub-analysis indicated that risk reduction
was mainly associated with whole grain and cereal fibers consumption. The SACN meta-
analysis [108] reported strong associations between dietary fiber intake and risk of colo-
rectal cancers. A meta-analysis by Zhang et al, [239] reported a strong association be-
tween dietary fiber intake and gastric cancer (RR 056 (0.45-0.71) per 10g daily dietary
fiber intake). The meta-analysis of Aune et al, [238] reported a significant association be-
tween dietary fiber intake and risk of breast cancer (RR 0.95 (0.91-0.98) per 10 g daily
dietary fiber intake. Another meta-analysis by Schlesinger et al, [240] further concluded
that this association was particularly valid for estrogen-receptor negative breast cancer in
postmenopausal women.

Mortality

¢ by whole grain intake: the meta-analysis by Aune et al, [223] reported a dose-dependent
reduction in all causes mortality and in mortality associated with coronary heart diseases,
cardiovascular diseases, cancer, and non-cardiovascular, non-cancer causes with in-
creasing whole grain consumption (RR per 90g whole grain intake/day: 0.83 (0.77-0.90).
A meta-analysis by Chen et al [241] reported a dose dependent reduction in total mortality
(RR/50g intake per day: 0.78 (0.67-0.91), mortality from cancer (RR:0.82 (0.69-0.96)), and
mortality from cardiovascular diseases (RR: 0.70 (0.61-0.79)) with increasing intake of
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whole grain products. For cardiovascular diseases, the reduction was significant for coro-
nary heart disease, but not for stroke. Two large prospective cohort studies also reported
that whole grain consumption was associated with lower total and CVD mortality in U.S.
men and women [242].

¢ Dby dietary fiber intake: a meta-analysis by Kim et al [243] reported a reduced all-causes
mortality (RR: 0.89 (0.85-0.92)) per 10 g. daily dietary fiber intake); this association was
mainly due to cereal and vegetable fiber intake.

Discussion and research gaps

The assessment of cereals and starchy foods’ health effects is presently incomplete, and at
best partially conclusive for several reasons. First there are large variations in overall macro-
nutrient composition and in physical-chemical structure (starch structure, swelling character-
istics, interaction with digestive enzymes), both between food groups and between individual
foods within the same food group [244, 245]. Second, many of the mechanisms by which
starchy foods modulate risk factors for NCD remain poorly understood. Over recent years,
there has been growing interest in gut microbiota-host interaction, and the research of how
microbial metabolites may modulate human metabolism is presently very active. Many obser-
vations point to a role of gut microbiota in the pathogenesis of NCD [246], and further research
is needed to assess the effects of various types of starchy foods on gut microbiota. There is
also increasing awareness that nutrient’ and metabolite receptors (bitter and sweet taste re-
ceptors, receptors of bile acids) are expressed throughout the small and large intestine [247],
and even on some cells located outside the digestive tract (pancreatic beta cells, some neu-
rons etc.. These receptors modulate important metabolic processes such as glucose absorp-
tion, insulin secretion or gastric emptying. How dietary fiber content and starch digestibility of
starchy foods impact on the activity of these receptors may be key to some of their health
effects.

Conclusions and recommendations

Cereals and starchy foods are important constituents of our diet, and provide digestible car-
bohydrate energy, dietary fibers, and micronutrients. The recommendation to consume three
serving of this class of food per day appears valid given that recommended total carbohydrate
intake is of approximately 50% (45-60%) total daily energy [108], and consumption of free
sugar should be as low as possible [107, 108].

There is strong evidence that consumption of whole grains, minimally processed or processed
in a way that the components (endosperm, germ and bran) are present in the same relative
proportions as they exist in the intact grain [208] is associated with decreased risk of cardio-
vascular diseases and type 2 diabetes. There is also strong evidence that consumption of
whole grains is associated with decreased mortality from cardiovascular diseases, from can-
cer, and from non-cardiovascular, non-cancer cause.

Assessing health effects of cereals and starchy foods from whole dietary fiber content equally
indicate that a high dietary fiber intake is associated with lower risk for cardiovascular dis-
eases, type 2 diabetes, gastro-intestinal and breast cancer, and with lower mortality from all
causes, cardiovascular diseases and cancer; some of these studies further show specific as-
sociations between cereal fibers and health outcomes.

Assessing health effects of the diet from GI/GL showed inconsistent associations with health
outcomes.

There is insufficient information to provide a specific recommendation regarding the number
of whole grain serving to be consumed on a daily basis. We therefore propose to recommend
that three daily serving of cereal and starchy foods be consumed daily, and that as many as
possible should be from whole grain.
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Pulses are an important source of carbohydrate and as such are presently represented at the
same level as cereals and other starchy foods. It is however a major source of dietary protein
as well, and replacing part of animal protein intake with pulses may have beneficial health
effects (see chapter 6.2). It is therefore recommended that pulses be replaced with meat, fish
and eggs in the Swiss food pyramid.

Protein sources

Meat, fish and eggs

Author: Clara Benzi Schmid

Introduction

An adequate intake of high quality protein is an absolute nutritional requirement in order to
ensure sufficient provision of essential amino acids. Although protein is present in small quan-
tities in most foods, the fourth level of the Swiss food pyramid regroups dairy products, meat,
fish, eggs, and tofu and foods, which are our main sources of dietary protein intake. The
relationship between milk and dairy product intakes and NCD has been specifically re-as-
sessed, and results are presented in chapter 6-2. The other foods present in this food group
are currently meat, fish, eggs, and tofu as a representative of proteins of plant origin.

Pulses (including tofu), which represent a major source of vegetable protein, are presently
included at the third level together with grains and potatoes. The scientific evidence specifi-
cally linking vegetable protein intake and risk of NCD has been assessed and reported in
chapter 6-3.

The scientific evidence linking meat consumption and risk of NCDs has been recently re-
viewed in an FCN report [248], and those regarding fish consumption have been revised by
several national food agencies and scientific bodies. It has therefore been estimated that re-
assessment of the scientific literature regarding these foods was not warranted at the present
moment. Finally, the literature specifically addressing eggs is currently too scarce to run a
specific analysis. In this chapter, we only briefly recall the recent guidelines from the World
Cancer Research Fund International (WCRF), the American Institute for Cancer Research
(AICR), and the French ANSES regarding meat and fish.

Definitions
From a nutritional point of view, evidence shows that it might be important to distinguish be-
tween:

¢ red meat from mammals such as beef (including calf), goat, pork, mutton (including lamb)
or horse,

¢ white meat from poultry and domesticated rabbits,

e processed meat (smoked, salted and / or and containing other additives, in particular pre-
servatives) [249],

o fatty fishes, often deep sea fish (e.g. salmon, tuna, herring, swordfish) with high long-chain
n-3 fatty acid (EPA and DHA) and vitamin D content

¢ and low-fat fishes, often lake fish in Switzerland (e.g. trout, perch, pike) sea food.
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Current recommendations and intake data
The current Swiss food recommends one serving of an additional portion of another high-
protein food item per day, without differentiating between the various protein sources.

Summary box current recommendations and intake

Meat, Fish, Eggs & Tofu Description and recommendations

Current daily recommenda- In addition [to 3 portions of dairy products] 1 daily portion of another pro-

tions current Swiss Food tein-rich food (e.g. meat, poultry, fish, eggs, tofu, quorn, seitan, cheese or
Pyramid [2] fresh cheese [quark]). Alternate between these sources of protein. 1 por-

tion = 100-120 g meat /poultry/ fish/ tofu/quorn/seitan (fresh weight) or 2-3
eggs or 30 g semi/hard cheese or 60 g soft cheese or 150-200 g fresh
cheese (quark) /cottage cheese.

Daily Intake in Switzerland See below

(3]

The average consumption of meat in the adult Swiss population is estimated at 111 g/day, of
which 67 g/d unprocessed meat (including 27 g/day poultry) and 44 g/day processed meat. It
tends to decrease with age (129 g/day for people 18-34y, 110 g/day for people 35-49y,
103 g/d for people 50-64 y and 88 g/d for people 65-75 y) [250].

The weighted mean daily intakes for fish and seafood were of 21g but varied between the
linguistic areas: 18 g (German-speaking), 29 g (French-speaking), 34 g (ltalian-speaking)
[251].

Potential mechanisms linking meat, fish and eggs consumption and NCDs

Red meat contains heme-iron that contributes to the production of carcinogenic N-nitroso
compounds by colonic bacteria. Heme-iron also contributes to the production of pro-inflam-
matory cytokines, free radicals and other carcinogen substances [252]. Furthermore, an over-
supply of heme-iron is be considered as a potentially atherogenic and diabetogenic [248] fac-
tor due to the oxidative stress that it generates. Red meat also contains choline and phospha-
tidylcholine as well as creatinine, which may be involved in the formation of the atherogenic
compound Trimethyl-amin-N-Oxide (TMAOQO) in the colon [248]. Finally, high-temperature
cooking of red meat causes the formation of heterocyclic amines and polycyclic aromatic hy-
drocarbons. These substances may promote colon carcinogenesis, in particular in genetically
prone subjects (e.g. subjects with Cytochrome p450 1A2 and N-acetyltransferase 2°%isoforms)
[248].

Although few studies have specifically assessed the associations between white meat con-
sumption and NCDs, the present consensus is that this type of meat has a neutral effect on
the NCDs risk [42].

Additional potential mechanisms for processed meat could be found in its content in preserv-
atives used for the processing such as salt, nitrite and nitrate. Nitrate and nitrite may be di-
rectly involved in carcinogenesis [253]. Furthermore, nitrate and nitrite can react with amino
acid products and/or heme iron to form N-nitroso compounds. Furthermore, depending on the
fuel used to produce the smoke, smoked meat may contain carcinogenic and mutagenic sub-
stances [253].

In contrast, there is an inverse relationship between fish consumption and NCDs, and more
specifically with cardiovascular diseases. This may be related to the high content of n-3-long
chain polyunsaturated fatty acids (LC-PUFA) -in fatty fish [254]. Dietary LC-PUFAs exert fa-
vorable cardiovascular effects, have antiarythmic properties, decreased blood triglyceride
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concentration, and have also anti-inflammatory and anti-hypertensive effects [252]. The ben-
eficial effects of fish consumption may however be counterbalanced by the fact that consum-
ing a high amount of fish, and, in particular fatty fish, was associated with toxicological risks:
fatty fish may contain a high level of contaminants such as PCBs (salmons) and methylmer-
cury (tuna, swordfish). Considering these risks and benefits, the Dutch dietary guidelines 2015
and ANSES 2016 recommended respectively one serving size (100 g) of fish per week,
preferably oily fish and 1-2 servings per week (from which one oily fish) [42, 255].

Review of recent recommendations for meat, fish and eggs

Red meat / processed meat

The FCN report [248] concluded that consumption of red meat and processed meat was as-
sociated with an increased all-causes mortality, an increased risk of cardiovascular diseases,
and a moderate risk of weight gain (the latter without any plausible biological mechanisms,
however).

The French ANSES concluded that there is a positive association between red meat con-
sumption and the risk of cardiovascular diseases incidence [248, 252]. The risks of IHD and/or
stroke significantly increased by 10-15 % for an increment of 100 g daily intake of either red
meat alone or red meat and processed meat together. For an increment of 50g/d of processed
meat the risk increased by 40% [252]. The French ANSES therefore concluded that there is
a probable association between CVD and mortality and consumption of red meat and/or pro-
cessed meat [252].

Considering type 2 diabetes, the FCN report concluded to a positive association between red
meat and processed meat consumption and risk of developing the disease. Although there
remain uncertainties regarding the threshold for such effect, 100 g/day red meat and 50 g/day
processed meat were considered to be associated with a significantly increased risk (+ 20%
and 50% respectively) [248]. The ANSES report also concluded to a probable association
between red and processed meat consumption and risk of type 2 diabetes [252].

The WCRF/AICR updated scientific evidence linking meat consumption and cancer in 2018
[256].They reported that the consumption of red meat was associated with the risk of colorec-
tal cancer [249]. They also reported an association between processed meat and the onset
of colorectal cancer [249]. A daily consumption of 100 g of red meat significantly increased
the risk of colorectal cancer by about 12% [249]. A daily consumption of 50 g of processed
meat increases the risk of colorectal from 15-20% [249]. The ANSES found convincing evi-
dence for such an association but noticed a certain inconstancy among studies [252]. It also
observed that the relative risk found in individual studies decreased markedly over the past
decade (from +29% to 14%) [252]. Concerning increased risks for other cancers, the
WCREF/AICR experts concluded to an association for red meat consumption (100 g/d) and
lung and pancreas cancers but evidence suggesting this is limited [256]. Processed meat
consumption (50 g/d) was also associated with risk of esophageal and gastric cancers, but
evidence suggesting this is limited [256]. There is an association suggesting an increased risk
for nasopharyngeal cancer at a consumption of 100 and 30 g/week for red meat and pro-
cessed meat respectively [256].

White meat
Although there are few studies specifically assessing health effects/associations with white
meat, the consensus is nonetheless that this type of meat has a neutral effect on the NCDs.

Fish
There are insufficient studies to establish a positive, neutral or negative association relating
the weight gain with fish consumption [252].
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The Sixth Joint Task Force of the European Society of Cardiology and Other Societies on
Cardiovascular Disease Prevention in Clinical Practice concluded that eating fish at least
once a week results in a 16% and a 6% reduction in the risk of IHD and stroke respectively
by comparison with eating less fish, resp. less than once per week [257]. The ANSES experts
concluded that a consumption of fish (once a week) probably decreased the risk of stroke
[252]

Regarding associations between fish consumption and colorectal cancer, the evidence that
consumption of fish decreases the risk of colorectal cancer is limited, according the WCRF
and AIRC [258]. An inverse association is observable for men, but not for women [259]. The
French ANSES did not conclude to an association [252].

WCREF and AIRC experts concluded that a consumption of at least 20 g/d fish was associated
with decreased risk of liver cancer [260].

Considering Trimethylamin-N-Oxide, studies reported geographical disparities. While con-
suming fish shows a positive association in the Western countries with risk of type 2 diabetes,
in the U.S.A, fish consumption has a protective effect against the type 2 diabetes [252]. In
Europe, the situation is not so clear because data are limited and highly heterogeneous [252].
The cooking method (frying) could have an influence on the peroxidation of this LC-PUFA
producing a pro-inflammatory process [252].

Conclusions and recommendations

A well-balanced diet must include a variety of protein sources, meat, fish, eggs are some of
the possible options, alongside milk and dairy (chapter 6.2) and proteins of plant origin (chap-
ter 6.3).

The 2014 FCN report on meat concluded that consumption of unprocessed red meat and
processed was associated with an increased risk of NCDs, and more specifically of cardio-
vascular diseases, type 2 diabetes and cancer. This conclusion remains supported by the
recent scientific literature, and several nutritional agencies recently made specific recommen-
dations.

For unprocessed red meat, WCRF and AICR recommend a maximal consumption of three
portions of red meat per week. Three portions is equivalent to about 350 to 500 grams cooked
weight in total [261]. Other valuable protein sources may be consumed to meet to nutritional
requirements and to substitute the consumption of red meat (e.g. egg, poultry and fish (1-2
x/week) [261].

For processed meat, WCRF/AICR recommend consuming very little, if any, processed meat
[261]. ANSES recommend a maximal consumption of 25g/d of processed meat [255]. For fish:
ANSES recommends consuming fish one to two times per week (1 portion = 100 g). It further
specifies that consumption of fatty, deep sea fish should be limited to one serving per week
to avoid excessive exposure to toxicological compounds present in these type of fishes, and
that the second weekly fish serving should be from another type of fish [262].

WCRF/AICR do not make any recommendation for fish regarding cancer prevention. How-
ever, it mentions recommendations for the prevention of other NCDs ( one to two times per
week, one of which should be a fatty fish) [261].

These recommendations correspond to the current Swiss recommendations, however more
attention should be paid to a diversification of protein sources, including proteins of plant origin
etc. This pyramid level should be revised as soon as more data is available for proteins from
alternative sources (e.g. insects, bio-engineered meat, other novel food items derived from
cellular agriculture).
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Milk and dairy products

Authors: Barbara Walther, with contributions of Alexandra Schmid, Doreen Gille, Guy Ver-
geres

Definition

Swiss law (,Verordnung des EDI tber Lebensmittel tierischer Herkunft® [VLtH] of 16 Decem-
ber 2016 [263]) defines several food items as dairy products. Besides milk, there is yoghurt,
cheese, kefir, buttermilk, cream, butter and milk powder.

Milk

According to Swiss law (Art. 32 Abs. 2 VLtH) milk is the product of the milking of one or more
mammals that are milked regularly. Only the following mammals may provide milk for human
consumption: domesticated bovids (Bovidae), deer (Cervidae), camelids (Camelidae), pigs
(Suidae) and horses (Equidae) (Art. 2a VLtH). “Milk” without further specification has to come
from cows. Otherwise, the animal species has to be indicated (e.g. sheep milk, goat milk)
(Art.36 VLtH).

In Switzerland whole or full-fat milk (“Vollmilch”) contains at least 3.5% fat (Art. 33 VLtH). In
semi-skimmed milk (“halbentrahmte Milch”) the fat content is between 1.5 and 1.8%, in re-
duced fat milk (“teilentrahmte Milch”) the fat content is between 0.5 and 3.5% and skimmed
milk (“Magermilch”) contains less than 0.5%.

Yoghurt

According to Art. 45 VLtH yoghurt is produced by fermenting milk with the microorganisms
Lactobacillus delbrueckii ssp. bulgaricus und Streptococcus thermophilus. There have to be
at least 108 cfu/g of the microorganisms in the end product. Regarding fat content, the same
levels as in milk are used: (regular yoghurt: 23.5% fat, reduced fat yoghurt: >0.5 and <3.5%
fat, low-fat/skim yoghurt: <0.5% fat).

Cheese

Cheese is a food derived from milk that is produced by separating the solid curds from liquid
whey with the help of rennet or other coagulating substances or processes. Depending on the
product, it can be further processed or ripened (Art. 50 VLtH). Cheese can be classified by
firmness and by fat content. According to Art. 52 Abs. 2 VLtH there are four firmness types
based on the moisture content of fat free cheese: soft, semi-hard, hard and extra hard. Art.
52 Abs. 1 VLtH categorizes cheese based on the fat content in dry matter in double cream
cheese (>650 g/kg), cream cheese (550-649 g/kg), full-fat cheese (450-549 g/kg), three-quar-
ter fat cheese (350-449 g/kg), semi-fat cheese (250-349 g/kg), quarter-fat cheese (150-249
g/kg) and low-fat cheese (<150 g/kg).

Nutritional characteristics of milk and dairy products

Milk and dairy products provide macronutrients (protein, fat, carbohydrates) as well as many
vitamins and minerals. The macronutrient composition varies according to the product. De-
pending on type, cheese contains less water, no or only small amounts of lactose, but more
protein and fat compared with milk or yoghurt on a weight/weight basis. Milk fat contains pre-
dominantly saturated but also mono- and polyunsaturated fatty acids including essential lino-
leic and a-linolenic acid. Additionally, milk fat provides trans fatty acids (mainly vaccenic acid)
and conjugated linoleic acid (CLA). There is a large seasonal variation in the fatty acid com-
position of milk fat with higher amounts of unsaturated and trans fatty acids as well as CLA
during summer [264, 265]. Milk and dairy products contain high-quality protein providing all
essential amino acids in an optimal composition.
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The mineral fraction of milk and dairy products encompasses the macroelements Ca, Mg,
Na, K, P, Cl and the microelements Fe, Cu, |, Zn, Se and Mn. The predominant mineral in
milk is Ca (about 1200 mg/l in cow’s milk) [264, 266]. The vitamin fraction of milk and dairy
products is composed of the lipophilic vitamins A, D, E and K as well as the hydrophilic vita-
mins B, B2, Bs, B12, C, niacin, pantothenic acid, biotin and folate [266].

The fermentation of milk can lead to an enrichment of new compounds in the food product
such as some B vitamins including folate, riboflavin and B12 or vitamin K2 (menachinone),
which are synthesized from various non-vitamin precursors by certain bacteria in fermented
dairy food [267]. Fermented dairy products are also ideal vehicles for the delivery of mi-
crobes/probiotics to the human GIT. Fermentation-associated microorganisms might alter the
intestinal composition or function of the autochthonous microbiota in the GIT. However, the
magnitude of these changes and importance to probiotic efficacy is currently a point of con-
tention [268]. Furthermore, live microorganisms in fermented dairy foods such as yoghurt help
lactose-intolerant persons to digest lactose [269]. Finally, fermentation improves digestibility,
in particular for proteins [270].

General comments on the studies analysed

In this report, we concentrate on the dairy products indicated in the fourth level of the Swiss
food pyramid. That means that we do not specifically look at the evidence for butter (see
chapter fat and oils), cream or ice cream consumption. However, depending on the study
these products may be included in the total dairy group. Some studies include butter, ice
cream, sherbet, milkshakes, smoothies or/and custard or even porridge in total dairy group,
others do not. These variations may influence study findings.

Randomized controlled trials usually concentrate on a specific, well-defined product or a com-
bination of products. Observational studies (prospective cohort, case-control or cross-sec-
tional studies) generally include several dairy foods. The exact fat content of the included low-
fat dairy foods is not specified. Low-fat dairy groups often encompass all products with a re-
duced fat content (reduced fat, semi-skimmed and skimmed products). Besides plain milk,
studies of observational nature may also have included flavoured and sweetened milk prod-
ucts. Consumption amount is normally assessed in servings per time unit (day, week, month
etc). Depending on the study, one serving corresponds to between 125 and 250 ml milk. It is
also the same with yoghurt. Observational studies usually do not differentiate between plain
and fruit/sweetened yoghurt or between regular and reduced-fat products. Yoghurt consump-
tion is usually assessed in servings. Depending on the location (country) of the study serving
size varies between 100 g and 230 g yoghurt.

Cheese intake in observational studies mostly consists of regular (full-fat) cheese. Portion
size in the studies depends on type of cheese. One serving of ripened cheese normally cor-
responds to 20 - 50 g depending on study and country.

When available, we present findings for subgroups like whole-fat, low-fat or fermented dairy
products or dairy categories such as milk, yoghurt and cheese. We did not evaluate the evi-
dence regarding health effects of probiotic products as this is beyond the scope of this report.

Recommendations and intake data

In Switzerland, milk and most dairy products (yoghurt, kefir, buttermilk and all sorts of cheese
[curd, cottage, soft, semi-soft and hard cheese]) are located on the fourth level of the Swiss
food pyramid together with other protein rich foods [2].
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Summary box: current recommendations and estimated levels of intake in the Swiss population

|Definition

Quantity

Daily recommendations cur-
rent Swiss Food Pyramid [2]

Food level:
Milk and dairy products

3 portions per day, 1 portion =200m|
milk, or

=150-200g yoghurt/curd/cottage cheese
other fermented dairy product, or

=30g hard or semi-hard cheese, or
=60g soft cheese

Other recommendations
[271]

Optimal level of intake (opti-
mal range of intake)

Milk (not further classified)

435 g (350-520) per day

Daily Intake in Switzerland
(31"
Total / male / female

Milk / milk drinks
Yoghurt
Hard / semi-hard cheese

14dI/1.1dlI/1.1dl
52.69/50.49/54.89

26.79/30.2g/233g
131g/156g/105g
10.69/9.3g/11.8g

"An extra portion of curd or cheese may be consumed as additional protein source in alternation with meat, poultry, fish, eggs
or alternative plant protein sources

*Data are mean values of two 24-hour recalls protocols, weighted and corrected for seasonality and weekdays.

Comparable recommendations are found worldwide: most countries recommend between 1 and 3 servings per day [272].

Soft cheese

Cream and spread cheese

6.2.4 Results

6.2.4.1 Dairy and cardiovascular diseases - Review of meta-analyses and pro-
spective cohort studies

Dairy intake and risk of cardio-vascular diseases (CVD)

Eight meta-analyses of prospective cohort studies investigated the associations of total dairy,
cheese, yoghurt, milk, high-fat and low-fat dairy as well as fermented dairy products on CVD
risk in the last 5 years [273-280]. Four of them reported a significant inverse association be-
tween total dairy intake or milk intake and CVD risk, while three reported no significant asso-
ciation. One meta-analysis found an inverse association between cheese intake and CVD risk
(maximal risk reduction with 40 g/d cheese [279] and five reported no association. There was
no association between yoghurt intake and CVD risk (three meta-analyses). When associa-
tions with dairy products were assessed according to their fat content, there was no associa-
tion between high fat dairy products intake and CVD risk (four meta-analysis), while two meta-
analyses showed an inverse association and two meta-analysis no association between low-
fat dairy intake and CVD risk. Drouin-Chartier et al. [281] summarized the results of all relevant
meta-analyses published so far, and came to the conclusion that there is no association of
total dairy, cheese and yoghurt with CVD risk with scientific evidence of moderate to high-
quality. They considered that the quality of evidence for high-fat dairy, low-fat dairy, milk and
fermented dairy products was not sufficient to draw relevant conclusions.

Dairy intake and risk of coronary heart disease (CHD)/coronary artery disease (CAD)

Five meta-analyses of prospective cohort studies investigating the associations between total
dairy, cheese, yoghurt, milk, high-fat and low-fat dairy/cheeses, and fermented dairy products
intake and CHD risk were published during the last 5 years [273, 275, 278-280]. For total
dairy, yoghurt, milk, high-fat and low-fat dairy no or not significant associations were found in
terms of CHD risk. Interestingly, three of four meta-analysis reported that cheese intake was
inversely associated with CHD risk (risk reduction 2-18%). Dose-response analyses of milk
consumption revealed no significant association with CHD risk [273]. Drouin-Chartier et al.
[281] reported that total dairy, high-fat dairy and low-fat dairy intake were not associated with
CAD risk (high evidence). No associations were found between CAD and intakes of milk,
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cheese, and yoghurt with moderate evidence. Also, trans-fatty acids from ruminant sources
were not associated with CAD risk [282]. In their view, it is not possible to make a statement
of associations between CAD and fermented dairy products, as evidence is very limited [281].

Dairy intake and risk of stroke

Seven meta-analyses of prospective cohort studies investigated the associations of total
dairy, cheese, yoghurt, milk, high-fat and low-fat dairy/milk as well as fermented dairy products
on CHD risk in the last 5 years [275, 278, 279, 281, 283-285]. An inverse association with
stroke risk was found for total dairy (five of six meta-analyses), low-fat dairy (five of six meta-
analyses) and cheese (three of four meta-analyses) whereas milk, fermented dairy and yo-
ghurt showed no associations. For high-fat dairy associations were inconsistent: two meta-
analyses identified an inverse association and three meta-analyses no association. Four
dose-response analyses of milk, cheese and total dairy revealed that the highest stroke risk
reduction was associated with >1.5 servings dairy products/day (-9%), 0.5-1.5 servings
cheese/day (-14%) and 200 mL milk per day (-18%) [273]. One study found no associations
with increasing milk intake [284]. The intake of total dairy, low-fat dairy, cheese, and fermented
dairy products may be associated with a reduced stroke risk. The consumption of regular and
high-fat dairy, yoghurt and milk showed mostly no association with stroke risk. The evidence
of all findings is moderate [281].

Dairy intake and risk of myocardial infarction

There was no meta-analysis published in the last 5 years that specifically investigated the
association of dairy intake and the risk of myocardial infarction. However, a prospective cohort
study in 98’529 Danish adults found no association between milk intake and risk of ischaemic
heart disease and myocardial infarction [286].

Dairy intake and risk of hypertension

Two meta-analyses of prospective cohort studies investigated the association between dairy
products and hypertension risk in the last 5 years [276, 277]. Both meta-analyses identified a
small but significant inverse association between total dairy, low-fat dairy and milk and the
risk of hypertension. Full-fat dairy, yoghurt and cheese were not associated with the risk of
hypertension.

Dose-dependent dairy intake and risks of CVD, coronary heart diseases (CHD) and
stroke

Some meta-analyses of prospective cohort studies investigated the associations of increased
or decreased dairy intake on CVD, CHD and stroke. The highest reduction of stroke risk was
found for an intake of 125 g milk (14% risk reduction) and above 25 g cheese per day [283].
Another meta-analysis found a non-linear dose-response relationship for milk consumption
with stroke risk (100-700 mL milk/d, no information about fat content) with a maximal risk
reduction of 18% at about 200 mL/d [284]. Dairy intake (per 200 g/d) as well as milk intake
(per 244 g/d) showed no association with CVD and CHD risk. For total fermented dairy prod-
ucts (per 20 g/d) and cheese (per 10 g/d) there was also no association with risk of CHD but
the risk of CVD was marginally reduced [287].

An overview of the associations between dairy product consumption and risk of CVD, CHD
and stroke based on the evaluated meta-analyses of prospective cohort studies is given in
table 1.

6.2.4.2 Review of randomized controlled trials (RCTs)
An increase of low-fat and high-fat dairy consumption was not associated with risk factors of
CVD in RCTs [288]. Fermented dairy products showed inverse associations with blood pres-
sure [289-291], serum triglycerides and low-density lipoproteins (LDL) [292, 293] — the effects
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are small but significant. An amelioration of these parameters may contribute to the prevention
of CVD.

6.2.4.3 Dairy and metabolic disease

Eleven meta-analyses and 22 individual studies (9 clinical trials and 13 studies of observa-
tional nature) published in the last 5 years were included in the evaluation of the effect of milk
and dairy products in regard to overweight/obesity, type 2 diabetes and metabolic syndrome.
The meta-analyses included between 883 and 579'832 male and female subjects at the age
=18 years with a follow-up duration from 9 months to 30 years in the prospective cohort stud-
ies. The characteristics of the included studies are presented in Table S2 in supplementary
material.

Metabolic syndrome (MetS)

Two meta-analyses [294, 295], both compiling data of prospective cohort studies and also of
cross-sectional studies (separately evaluated), investigated the association of milk and dairy
products consumption and MetS in male and female adults. Both found a significantly de-
creased (about 14%) relative risk of MetS incidence for the highest category of milk and dairy
consumption compared to the lowest category based on the prospective cohort studies. There
was no heterogeneity between studies and no evidence of publication bias. The inverse as-
sociation between total dairy consumption and MetS was more pronounced in the separately
compiled cross-sectional studies but those are of lower quality than prospective cohort studies
[294, 295]. Also, evidence from cross-sectional studies suggests that milk and cheese, but
not yoghurt, may decrease the incidence of metabolic MetS [294].

An additional small prospective cohort study in male and female adults reported a similar but
non-significant inverse association between total dairy and MetS [296]. Two additional cross-
sectional studies in Korea and Brazil also showed an inverse association between dairy and
calcium intake, respectively, and MetS [297, 298].

Overall, the available studies suggest an inverse association between dairy intake and MetS
but data is limited and the quality of the evidence is moderate [281].

Obesity

One meta-analysis [299] compiled data of prospective cohort studies in male and female
adults that investigated the association of dairy products consumption with obesity and body
weight changes. There was no significant association between servings of full-fat or low-fat
dairy and annual body weight changes. However, an inverse association was observed be-
tween changes of body weight and each serving’s increase of yoghurt and a positive associ-
ation for each serving’s increase of cheese. Additionally, the highest category of total dairy
intake was significantly associated with a reduced risk of abdominal obesity and risk of over-
weight compared to the lowest intake [299]. Four meta-analyses [288, 300-302] compiled
data of randomized controlled trials concerning the impact of dairy intake on body weight and
body composition. Three of them suggest that an increased dairy intake may have a modest
beneficial effect on body weight, fat mass and lean body mass when combined with an en-
ergy-reduced diet. No effect of dairy products intake was found when diet was not energy
reduced [300-302]. The fourth meta-analysis reported a modest weight gain with increased
intake of either whole or low-fat dairy food [288].

Several other randomized controlled trials [303—307] and one non-randomized controlled trial
[308] showed no beneficial effect on body weight with an increased amount of dairy products
in (energy restricted and energy non-restricted) diets. A cross sectional study in Ireland re-
ported significantly lower BMI and body fat mass associated with higher total dairy consump-
tion [309]. Another cross sectional study in Luxembourg indicated a significantly decreased
risk of obesity associated with total dairy intake [310]. On the other hand, an Australian cross
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sectional study found no association between total dairy intake and the risk of being over-
weight [311].

Overall, there is some evidence that increased dairy consumption has a modest beneficial
effect on weight loss when combined with energy-restricted diets but results are not con-
sistent. Epidemiologic studies suggest that total dairy intake is inversely associated with the
risk of overweight (moderate evidence).

Type 2 diabetes (T2D)

Four meta-analyses [312—315] were published in the last 5 years that compiled data of pro-
spective cohort studies with the aim to investigate the association of milk and dairy products
consumption with incidence of T2D. Two of the meta-analyses [312, 314] found an inverse
association between total dairy intake and the risk of T2D (about 11% risk reduction compar-
ing highest vs. lowest intake), the other two [313, 315] reported no association although all
were more or less based on the same studies. The meta-analyses indicate heterogeneity
between the studies but no publication-bias. However, there is evidence that different dairy
products may differ in their effect on T2D. Three of the meta-analyses [312, 314, 315] individ-
ually evaluated high-fat dairy, low-fat dairy, milk and cheese and all four meta-analyses sep-
arately evaluated yoghurt. No association with T2D risk was reported for high-fat dairy and
milk intake. Two of the three meta-analyses found a significantly decreased risk associated
with low-fat dairy products and with cheese intake (comparing highest vs. lowest consumption
and also per serving) but not the third meta-analysis [315]. Yoghurt was inversely associated
with T2D risk in all 4 meta-analyses (highest vs. lowest intake [312, 314], per serving of 244
g [313] or 80 g [315].

In one prospective cohort study, milk intake was not associated with the risk of T2D [316].
Three further prospective cohort studies investigated whether circulating blood biomarkers of
dairy fat (15:0, 17:0, t16:1n-7) were associated with T2D incidence [317-319]. All studies re-
ported significant inverse associations. Two cross-sectional studies comparing high with low
dairy products intake reported a significantly inverse association for T2D risk [320, 321]and a
third one associated plasma biomarkers for dairy fat intake with greater oral glucose tolerance
and insulin sensitivity [322]. Finally, 3 randomized crossover studies are not consistent in their
results regarding dairy intake and insulin sensitivity [323—-325].

Overall, the available studies suggest with high to moderate quality that there is no association
between high-fat dairy as well as milk and T2D. There is moderate evidence for an inverse
association of total dairy, low-fat dairy and cheese with T2D and high-quality evidence that
yoghurt is inversely associated with T2D risk [281]. Thus, a preventive effect on T2D depends
on the dairy subtype with yoghurt showing a more consistent benefit than other types of dairy
[326].

The following table summarizes the associations between dairy product intake and risk of
disease based on the evaluated meta-analyses of prospective cohort studies and individual
prospective cohort studies of the last 5 years.

Eidgendssisches Departement des Innern EDI | Eidgendssische Ernahrungskommission EEK 50



Table 1 Summary of the association between dairy product intake and risk of cardiovascular
and metabolic diseases based on meta-analyses of prospective cohort studies (adjusted from

[281])
CVD CAD/ Stroke MetS T2D Obesity
CHD

Total dairy - [ole] - - — —_
Regular / high-fat dairy o 00 o ? o o
Low-fat dairy - 0o - ? -

Milk ? o o - o]

Cheese 00 o - ? — —
Yoghurt o o o] ? I -
Fermented dairy ? ? o) ? o] ?

—/ — —= decreased risk with increased dairy intake (moderate / high quality of evidence)

o/ 0o= no association with dairy intake (moderate / high quality of evidence)

+ / ++=increased risk with increased dairy intake (moderate / high quality of evidence)

?= uncertain association (very low quality of evidence or no evidence, inconsistent evidence)

The quality of evidence is based on the GRADE grading system [327].

6.2.4.4 Dairy and cancer

Twenty-three meta-analyses, observational studies or systematic and non-systematic reviews
published in the last 5 years were included in the evaluation of the influence of milk and dairy
products on cancer risk and cancer mortality. In absence of clinical trials, we had to concen-
trate on the meta-analysis combining the results of prospective cohort and case-control stud-
ies to assess the association of dairy and cancer. Colorectal, prostate, pancreatic, gastric,
breast, lung, and ovarian cancer as well as total cancer mortality was the subject of one or
more meta-analyses, whereas reviews also considered cancer of other organs like bladder,
thyroid or kidney. The meta-analyses included over 200'000 up to over 2 Mio subjects at the
age of 0 to > 100 years with a follow up duration from 1 to 68 years (for study characteristics
see Table S3 in supplementary material). The risk was calculated for high vs. low dairy intake
and/or a dose response evaluation. Obviously prostate cancer was only analysed in men and
ovarian and breast cancer respectively only in women. The other cancer types always in-
cluded both genders.

Colorectal cancer

Three meta-analyses and one systematic review summarized the evidence for colorectal can-
cer risk [328-331]. (Non-fermented) Milk and total dairy products were associated with a sig-
nificant reduction in colon cancer risk (RR 0.83 (95% CI: 0.74-0.93)) resp. RR 0.81 (95% CI:
0.74-0.90)) whereas cheese (RR 0.96 (Cl 0.83—1.12)) and other dairy products were not as-
sociated. No association was found for rectal cancer risk independent on the dairy product
[328]. The results remain the same for high vs. low consumption and for dose response anal-
ysis. Ralston et al. [329] confirmed the finding of Aune et al. [328]and found no association
for fermented dairy products and colorectal cancer and a significant inverse association be-
tween the intake of non-fermented dairy products and the risk of colorectal cancer. The influ-
ence of fat content is inconclusive. A separate gender analysis showed no association in
women and an inverse association in men [329]. The review of Thorning et al. [330] concludes
in the same direction as the meta-analysis concerning the inverse association of milk and
dairy intake and colorectal cancer risk, but opposite to Ralston et al. [329] they found a more
robust result in women but men. The results of Fardet and Boire [331] showed no association
of regular/high consumption of milk and dairy products with colorectal cancer risk when all
studies were included and an inverse association when only meta-analyses were included.
The WCREF concluded 2017 in the continuous update project (CUP) report on colorectal can-
cer that an increased dairy product intake probably decreases colorectal cancer risk and that
the evidence is consistent for total dairy, milk and cheese [258].
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The quality of the included studies is moderate to good and the heterogeneity was low to
moderate.

Prostate cancer

Two meta-analyses and one review evaluated dairy consumption and the risk of prostate can-
cer [331-333]). High intake of dairy products, total milk, low-fat milk, yoghurt and cheese may
increase total prostate cancer risk. Whole milk was not associated [331, 332]. Diverging re-
sults for types of dairy products and sources of calcium suggest that other components of
dairy rather than fat and calcium may increase prostate cancer risk. The CUP prostate cancer
report of WHO published in 2014 concluded, that the evidence that a higher consumption of
dairy products increases the risk of prostate cancer is limited [333]. The 2007 Second Expert
Report of WHO rated the evidence that diets high in calcium increase risk of prostate cancer
to be strong but this rating has been downgraded to limited evidence in the CUP prostate
cancer report of 2014.

The quality of the included studies is moderate to good.

Pancreatic cancer

One meta- analysis and a review of meta-analyses conclude that there was no association
between total milk intake and pancreatic cancer risk comparing high vs. low consumption.
Similarly, intakes of low-fat milk, whole milk, cheese, cottage cheese and yoghurt were not
associated with pancreatic cancer risk [330, 334].

The quality of the included studies is moderate to good.

Gastric cancer

Three meta-analyses and a review of meta-analyses conclude that milk consumption was not
associated with gastric cancer risk independent of main or subgroup analysis [280, 331, 335,
336]. The results of prospective cohort studies, but not case-control studies, suggest that total
dairy might be associated with a reduction of gastric cancer risk [280] but not strongly protec-
tive [331, 335]. Sun et al. [336] reported a non-significant increased risk of gastric cancer
when high consumption of dairy products was compared to low consumption, but suggested
to verify these results in future well-designed prospective studies, because significant heter-
ogeneity of the case-control studies with a rather low quality score could bias the results.
Further investigations should also verify, whether the effect of dairy product consumption var-
ies by gastric cancer type.

Ovarian cancer

There is only one meta-analysis summarizing the results of 19 case-control studies suggest-
ing that low-fat/skim milk, whole milk, yoghurt and lactose intake is not associated with in-
creased risk of ovarian cancer [337]. A recent case-control study suggests that frequent intake
of most types of dairy products and increasing intake of lactose is associated with a modest
increased risk of ovarian cancer [338]. However, this is only one case-control study with 2100
subjects compared to 19 studies summarized in the meta-analysis of Liu et al. [337]. Also
Thorning et al. [330] reported in their review no association between milk and dairy intake and
ovarian cancer risk.

Breast cancer

High-level dairy consumption was associated with a significantly lower risk of breast cancer
[339]. Modest dairy consumption (400—600 g/d) was associated with a mildly lower risk of
breast cancer. A dose-response analysis revealed evidence of a linear relationship between
dairy consumption and risk of breast cancer, especially for yoghurt. High milk consumption
was not found to have a preventive effect on breast cancer compared to low milk consumption
[339]. These results were confirmed by the reviews of Thorning et al. [330] and Fardet and
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Boirie [331]. The WCRF concluded 2017 in the CUP report on breast cancer that there is
limited evidence that dairy products intake decreases premenopausal breast cancer risk
[340].

Lung cancer

The meta-analyses of Yang et al. and Yu et al. and the review of Thorning et al. [330, 341,
342] conclude that dairy product or calcium intake is not significantly associated with lung
cancer risk. The quality of these studies was moderate to good.

Other cancers (bladder, kidney)

Meta-analyses reported either no or an inverse effect between milk and dairy consumption
and risk of bladder cancer [330, 331] and no association with the risk of kidney cancer [331].
Because of the inconsistent results of the studies regarding bladder cancer, the evidence is
inconclusive.

The following table summarizes the associations between dairy product consumption and risk
of cancer based on the evaluated meta-analyses of prospective cohort studies and individual
prospective cohort studies from the last five years.

Table 2 Summary of the association between dairy product consumption and risk of cancer

Total dairy Milk Yoghurt Cheese
Colorectal cancer - - o —
Prostate cancer + + + +
Lung cancer o o o o
Breast cancer — o - ?
Pancreatic cancer o o o) o]
Gastric cancer ? o ? ?
Ovarian cancer o o o o
Bladder cancer ? ? ? ?
Kidney cancer o) o) ? ?
—/ — —=decreased risk with increased dairy intake (moderate / high quality of evidence)

o/ 0o= no association with dairy intake (moderate / high quality of evidence)

+ / ++= increased risk with increased dairy intake (moderate / high quality of evidence)

?= uncertain association (very low quality of evidence, no evidence, inconsistent evidence)
The quality of evidence is based on the GRADE grading system [327].

6.2.4.5 Mortality

Recently, a Swedish cohort study reported higher all-cause mortality associated with intakes
of non-fermented milk and butter but lower all-cause mortality associated with fermented milk
and cheese intake [343]. However, previous meta-analyses were not able to show a con-
sistent association between non-fermented or fermented milk consumption and mortality (can-
cer, CVD and all causes) [274, 344]. Larsson et al. [344] pointed out that there is substantial
heterogeneity among the studies probably due to large variations in the range of milk con-
sumption and types of milk/ dairy included as well as differences in the incorporated potential
confounders. The most recent meta-analyses observed no association for high compared to
low intake and for each additional serving of 200 g of dairy products with all-cause mortality
but also reported significant heterogeneity between the 27 included studies [172]. Subgroup
analysis showed no difference between low-fat and high-fat dairy products.
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6.2.5

Discussion

Overall, there is no evidence that increased intake of milk and dairy products is detrimental to
health. The only exception is a positive association between dairy products and risk of pros-
tate cancer but with limited evidence. The assembled studies indicate no association between
total dairy consumption and risk of CVD, CHD and most cancer and inverse associations
between total dairy intake and risk of stroke, MetS, T2D, overweight and colorectal and breast
cancer. For the main dairy product categories, there is moderate evidence that a high milk
consumption is inversely associated with the risk of hypertension, MetS, colorectal cancer
and T2D. An increased cheese intake is inversely associated with the risk of stroke and T2D,
and there is moderate to high evidence that yoghurt consumption is inversely associated with
the risk of T2D and breast cancer.

The French ANSES also states in a scientific report published end of 2016 [252] that dairy
products probably decrease the risk of T2D (especially yoghurt, cheese and low-fat dairy
products) and of colon cancer and may as well reduce the risk of CVD. Limited evidence
suggests they may be associated with an increased risk of prostate cancer [252].

The committee for the Dutch dietary guidelines 2015 [42] also concludes that the consumption
of milk and dairy products is associated with a lower risk of colorectal cancer and yoghurt
intake with a lower risk of type 2 diabetes. They did not find enough evidence to differentiate
between low-fat and high-fat dairy products [42].

The German Max Rubner-Institut, Federal Research Institute of Nutrition and Food, further
assessed the available evidence regarding milk and dairy products consumption and health
and came to similar results: epidemiologic studies suggest that the usual intake of milk and
dairy products is either not associated with disease risk, or is associated with decrease risk
(e.g. CVD, hypertension, type 2 diabetes), with the exception of prostate cancer [345].

Finally, in 2016, Mozaffarian published dietary priorities for cardiometabolic health based on
an extensive literature review [346]. Among other things he recommends to consume more
dairy products (2-3 servings/d), especially yoghurt and possibly cheese [346]. He states that
dairy products are a diverse class of foods with complex effects that vary between specific
product types. Long-term studies do not indicate any harmful effects in regard to cardiovas-
cular disease, type 2 diabetes and obesity but suggest potential benefits of dairy fat or high-
fat dairy foods such as cheese [346].

Dietary recommendations in some countries limit dairy consumption to low-fat or fat-reduced
dairy products because regular-fat dairy products are rich in cholesterol-raising saturated fatty
acids and provide more energy than low-fat products. However, evidence for this statement
is rather low as RCTs have reported mixed effects of reduced- and regular-fat dairy intake on
blood lipids [347]. The studies evaluated in this report indicated no association between reg-
ular- or high-fat dairy intake and the investigated NCD. Specifically, meta-analyses were not
able to show associations between increased CVD risk and the consumption of dairy products
with regular-/high-fat content. Furthermore, whole-fat dairy intake is not associated with over-
weight/obesity, studies suggest rather the inverse. However, there is moderate evidence that
low-fat dairy products are inversely associated with the risk of stroke, hypertension and type
2 diabetes. On the other hand, a subgroup analysis suggests an increased prostate cancer
risk for low-fat milk but not whole milk [332]. In regard to all-cause mortality, no difference
between low-fat and high-fat dairy products was observed [172]. Neither the committee Dutch
dietary guidelines [42] nor Mozaffarian [346] found evidence to support recommendations to
emphasize low-fat dairy. The latter recommends to leave the choice between low-fat vs.
whole-fat to personal preference. However, this should be considered in the context of total
fat resp. energy consumption.
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6.2.6

6.3

6.3.1

Most of the available information is based on prospective cohort studies. Although epidemio-
logical studies are valuable, they mainly indicate associations but cannot prove causality. The
quality of the presented epidemiologic studies varies. Risk associations are usually multivari-
able-adjusted. However, it is not impossible that the rather weak associations found may be
due to residual confounding. Meta-analyses of prospective cohort studies provide more pre-
cision but do not increase the validity of a finding as this stands and falls with the quality of
the included studies [348]. Furthermore, as mentioned in the introduction, observational stud-
ies in particular must be critically assessed, as they often do not distinguish between sweet-
ened / unsweetened or processed /unprocessed milk products.

A large amount of literature is available on fermented foods in health and disease prevention,
in particular in regard to dairy products [349]. This literature is characterized by a wealth of
data on bioactive components of fermented foods, including metabolites and bacteria, which
might beneficially contribute to a large range of physiological properties. However, this data
is not mirrored by the results of the meta-analyses presented in this report. This discrepancy
can be explained by a range of factors, including the complexity of the investigated food-
health interactions, the quality of the studies, and the real magnitude of the health benefits
offered by these products. Further research should specifically integrate the impact of fermen-
tation on risk factors in their study design, including the statistical approach. Such an approach
may provide better indication of the impact of fermented foods on health.

The assessed meta-analyses often document rather large heterogeneity. This is probably due
to diverging and over the years changing consumption patterns in regard to dairy products as
there is an extensive choice (various types of milk, cheese and yoghurt and other dairy prod-
ucts such as e.g. butter milk, kefir, curd, ice cream). Large-scale intervention studies and
randomized clinical trials are required to determine beneficial effects of the various types of
dairy products.

Conclusion and recommendations

The current Swiss recommendations regarding dairy products, i.e. the consumption of three
portions each day, are reasonable based on currently available information and scientific ev-
idence. Recommendations should not emphasize reduced-fat dairy products since there is no
evidence indicating that whole-fat products are detrimental to health. We suggest to add a
recommendation to diversify the consumption of dairy products, keeping in mind the overall
energy, fat and sugar intakes, with emphasis on smaller portions for high-fat resp. sugar-
sweetened dairy products.

Plant protein and legumes (pulses)
Author: Sabine Rohrmann

Definitions

Legumes can be considered a subcategory of vegetables. This group belongs to the faba-
ceae family and encompasses beans, lentils, peas, chickpeas, soybeans, and peanuts, but
also alfalfa, clover and lupin beans. From a nutritional point of view, several distinctions are
important.

The term “pulses” refers to crops harvested for the ripe dry seed. Pulses are rich in protein,
dietary fiber, and carbohydrates (e.g. “resistant starch”), and they are also important sources
of certain minerals (e.g. iron, zinc, and potassium) and vitamins, in particular B-vitamins such
as folate [350]. Ripe peanuts are however often studied together with nuts, and are discussed
in chapter 7.2. Unripe legumes such as green peas and green beans do not belong into this
group, but are rather considered vegetables, due to a nutritional composition more consistent
with vegetables, however due to their more elevated content of anti-nutritive components (e.g.
protease inhibitors, lectins), they should be cooked before consumption.
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Legumes are abundant in the essential amino acids lysine and threonine, which are typically
low in other plant-based protein sources, but low in other amino acids, including methionine,
tryptophan, and cysteine (see [351]). Because of the latter, legumes are often considered to
be of lower protein quality. However, if consumed in conjunction with other plant-based and/or
animal protein sources that contain the limiting essential amino acids they contribute to a diet
containing a high-quality protein mixture.

Soy and soy products such as tofu are traditionally consumed in many Asian societies but are
more and more frequently used and consumed in Western societies, because of increasing
vegetarian or vegan eating habits.

As for legumes mentioned above, plant protein in general has a lower concentration of some
essential amino acids. However, the combination of different food groups increases the pro-
tein quality. For example, the combination of cereals with legumes, milk with potatoes, or egg
with cereal products leads to a good protein quality.

Recommendations and intake data

Plant proteins do not form a specific food group, but can be found in numerous foods, some
of which are also described in other chapters. Based on an NHANES analysis of 2007-2010,
overall protein intake of US adults (mean + SE) was 82.3 + 0.8 g/day (98.6 + 1.1 g/day for
men and 67.0 + 0.7 g/day for women). Plant protein accounted for 30% of total protein intake
(28% in men, 32% in women) [352]. Thirty-one food categories contributed at least 1% plant
protein intake and together provided almost 73% of plant protein in the diet. Yeast breads and
rolls/buns were the top two plant protein food categories, providing nearly 18% of total plant
protein intake, 6% total protein and total energy intake; bean, peas and legumes were fifth
most important food group for plant proteins providing 2.9% of plant protein and 1.3% of total
protein intake. In an analysis of a non-representative US cohort study, major food contributors
to plant protein included bread, cereals, pasta, nuts, beans, and legumes [353].

In the Swiss food pyramid, legumes are categorized into the "Cereals" group, and it is recom-
mended to consume 3 portions of this group per day: 75-125 g bread/pastry (preferably whole
grain products), or 60—100 g legumes/pulses (dry weight), or 180-300 g potatoes, or 45-75
g crisp bread/whole-grain crackers/flakes/flour/pasta/rice/corn/other grains (dry weight).

With respect to protein intake, SGE currently recommends 1 serving of a protein-rich food per
day (meat, poultry, fish, eggs, tofu, quorn, seitan, cheese or cottage cheese; in addition to
three portions of dairy foods per day). No specific recommendations with respect to consump-
tion of plant protein is given besides the recommendation that consumers should switch be-
tween different protein sources, which are, with the exception of tofu, quorn and seitan solely
animal foods.

Summary box: current recommendations and estimated levels of intake in the Swiss population

||Definition ” Quantity
Daily recommendations current Food level: 3 portions of this group per day
Swiss Food Pyramid [2] Cereals, potatoes legumes (e.g. 1 portion corresponds to 60-100 g
legumes)
Milk products, meat, fish, egg, |[1 portion (100-120 g) of protein rich
tofu, seitan, quorn food source per day
Other recommendations [271] Op-|[Legumes 60 g per day (50-70 g)
timal level of intake (optimal range
of intake)
Daily Intake in Switzerland [3]* Legumes 59/419/59¢g
Total / male / female

*Data are mean values of two 24-hour recalls protocols, weighted and corrected for seasonality and weekdays.
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6.3.2

Review of the literature -legumes

Cardiovascular diseases (CVD)

Fourteen studies conducted on eleven cohorts and accounting for a total of 367°000 individu-
als and 18’475 cases of CVD (7451 CHD and 6336 stroke cases) were considered in a large
meta-analysis [354]. Compared with lower legume consumption, the highest intake was as-
sociated with a decreased risk of 10% in both CVD and CHD (relative risk [RR]: 0.90; 95%
confidence interval [CI] 0.84-0.97) with no or little evidence of heterogeneity and no publica-
tion bias. Null results were observed regarding legume consumption and stroke risk. No sub-
stantial confounding factors were evident in stratified analyses. This confirms results of a
meta-analysis by Afshin et al. [355].

Cancer

A recent WCRF/AICR systematic review concluded that the intake of legumes was not asso-
ciated with colorectal cancer risk [194]. A meta-analysis by Zhu et al. observed an inverse
association between legumes consumption and risk of total colorectal cancer, but not for colon
or rectal cancer separately [356]. In addition, the inverse association was only observed in
Asian, but not European or US studies.

In a review, DGE concluded that there was no association between soy consumption and risk
of breast cancer, colorectal cancer, stomach cancer, or cancers of the gastrointestinal tract
[357]. Two meta-analyses on bladder cancer revealed conflicting results (one inverse, one
null), and two of three meta-analysis on the association of soy consumption with lung cancer
observed inverse associations whereas one reported no association. There is, however, some
indication that effect on cancer risk might differ between Asian and Western populations: Dong
et al. [358] reported in their meta-analysis that protective effect of soy was only observed
among studies conducted in Asian (RR: 0.76, 95% CI: 0.65-0.86) but not in Western popula-
tions (RR: 0.97, 95% CI 0.87-1.06). This finding may be due to (a) different amount of soy
consumption between Asian and Western populations, (b) lifelong or early life exposure to
soy in Asian populations, and (c) the higher ability of Asian populations to produce equol,
which has a higher antioxidant activity than other isoflavones, from daizdzein than Western
populations [358].

Body weight

In a meta-analysis that included 21 trials with 940 participants observed that diets containing
dietary pulses (median intake of 132 g/d or ~1 serving/d) were associated with a significant
weight reduction of -0.34 kg (95% CI: -0.63, -0.04 kg; P = 0.03) compared with diets without
a dietary pulse intervention over a median duration of 6 wk. Interestingly, a statistically signif-
icant weight loss was observed in matched negative-energy-balance (weight loss) diets (P =
0.02) as well as in neutral-energy-balance (weight-maintaining) diets (P = 0.03). Heterogene-
ity between the studies was rather small, which allows for the conclusion that including dietary
pulses in a diet may be a beneficial weight-loss strategy [359].

Type 2 Diabetes

A meta-analysis that included two studies did not observe a statistically significant association
between legumes consumption and risk of type 2 diabetes [355]. A more recent one, by
Schwingshackl et al. [184] included 12 studies with 26,778 type-2 diabetes cases , but came
to the same conclusion: There was no statistically significant association for the highest ver-
sus lowest legume intake category (RR: 0.96; 95% CI 0.87-1.05, 12 = 85%) and for each
additional daily 50 g (RR: 1.00; 95% CI 0.92-1.09, 12 = 87%, n = 12 studies).

Mortality
A recent meta-analysis that included seventeen studies with 53,085 deaths compared high
with low intake of legumes (overall intake range: 6-166 g/d) [172]. An inverse association was
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observed for the highest compared with lowest legume intake categories (RR: 0.96; 95% CI
0.93-1.00; 12 = 48%; P-heterogeneity = 0.01), but not for each additional daily 50 g (RR: 0.96;
95% CI 0.90-1.01; 12 = 48%; P-heterogeneity = 0.09; n = 6). Interestingly, they observed an
inverse association for studies conducted in Asia and Australia, and studies with long-term
follow-up.

Review of the literature - Plant protein
Plant protein in general has less frequently been studied than consumption of legumes with
respect to the risk of chronic diseases.

Body weight

Protein quality has long been thought to be particularly important for children and adolescents,
and animal protein has been favored because of its higher nutritional value. In the HELENA
study, a cross-sectional study of 1804 randomly selected adolescents aged 12.5-17.5 years,
absolute plant protein intake was inversely associated with BMI z-scores and percent body
fat such that the authors concluded that plant protein intakes may play a role in preventing
obesity among European adolescents [360].

Type 2 diabetes

In the EPIC-Interact study, which included more than 12,000 type 2 diabetes cases, the inci-
dence of type 2 diabetes was higher in participants with high intake of total protein (Hazard
Ratio [HR]: 1.06 per 10 g; 95% CI 1.02-1.09, P(trend) < 0.001) and animal protein (HR: 1.05
per 10 g; 95% CI 1.02-1.08, P(trend) = 0.001) [361]. Plant protein intake was not associated
with type 2 diabetes (HR: 1.04 per 10 g; 95% CI 0.93-1.16, P(trend) = 0.098). In a meta-
analysis of 11 prospective studies, pooled RRs for the comparison of the highest with lowest
categories of total, animal, and plant protein intakes were 1.09 (95% CI 1.06-1.13), 1.19 (95%
Cl 1.11-1.28), and 0.95 (95% CI 0.89-1.02), respectively [362]. Associations between animal
protein intake and type 2 diabetes were similar across sex, geographic region, length of follow-
up, study quality, and method of expressing protein intake. An inverse association between
plant protein intake and type 2 diabetes was observed in women (RR: 0.93; 95% CI 0.85,
1.00) and in US populations (RR: 0.91; 95% CI 0.84-0.97).

In a meta-analysis of randomized clinical trials conducted among patients with type 2 diabe-
tes, diets emphasizing a replacement of animal with plant protein at a median level of about
35% of total protein per day lowered HbA1c¢ (mean difference = -0.15%; 95%-Cl -0.26, -0.05%;
9 trials), fasting glucose (mean difference = -0.53 mmol/L; 95%-CIl -0.92, -0.13 mmol/L; 10
trials) and fasting insulin concentrations (mean difference = -10.09 pmol/L; 95%-CI -17.31, -
2.86 pmol/L; 5 trials) compared with control arms [363]. Overall, the results indicate that re-
placing sources of animal with plant protein leads to modest improvements in glycemic control
in individuals with type 2 diabetes.

All-cause mortality

In an analysis of the Nurses' Health Study and the Health Professionals Follow-up Study,
consumption of plant protein by participants with at least 1 unhealthy lifestyle factor (smoking,
heavy alcohol intake, overweight or obesity, and physical inactivity) was associated with lower
all-cause mortality (HR: 0.90 per 3% energy increment; 95%Cl 0.86-0.95) and cardiovascular
mortality (HR: 0.88 per 3% energy increment; 95% CI 0.80-0.97) [353]. No statistically signif-
icant associations were seen in participants without unhealthy lifestyle factors. Replacing an-
imal protein of various origins with plant protein was associated with lower mortality. In partic-
ular, the HRs for all-cause mortality were 0.66 (95% CIl 0.59-0.75) when 3%of energy from
plant protein was substituted for an equivalent amount of protein from processed red meat,
0.88 (95% CI 0.84-0.92) from unprocessed red meat, and 0.81 (95% CI 0.75-0.88) from egg.

In an analysis of an observational study among diabetics, substitution of carbohydrates with
plant protein was associated with lower all-cause mortality risk (HR: 0.79 [95% CI 0.64-0.97]),
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whereas substitution with total or animal protein was not associated with (CVD) mortality risk
[364].

Discussion and research gap

Legumes are an important source of plant protein, in particular in combination with other
foods. Based on current evidence, there is some indication that consumption of legumes de-
creases the risk of some chronic diseases (coronary heart disease, lung cancer [soy prod-
ucts]), but results are sometimes inconsistent. For example, the inverse association between
soy consumption and breast cancer risk appears to be confined to Asian women.

An emerging research gap is the effect of Western-type soybean processing technologies and
the subsequent isoflavone content, which could be higher than the traditional Eastern soaking
processes [365]. Isoflavones at high intakes could have an endocrine disruptive effect.

With respect to consumption of plant protein, intervention studies point towards a protective
effect via glycemic control. Substituting animal with plant protein has shown some benefit with
respect to mortality. However, the number of studies so far is limited.

Although most epidemiological studies looking at health effects of legume consumption or
plant protein intake make an effort to control for confounding and try to elucidate the mecha-
nisms of their health effects, it currently appears to be unclear whether the effects of legumes
(and partly also plant protein) are due to specific components such as isoflavones, protein,
resistant starch, or fibers.

Recommendation

Based on the results, legumes should be given more weight in the pyramid. The positioning
of legumes in starchy foods is very questionable also due to their main ingredients. Pulses
(ripe dry seed) should be a component of protein-rich foods in the Swiss food pyramid, where
currently only tofu is mentioned. This should be modified, listing pulses and then possible
pulse-derived products such as tofu, tempeh, etc.). Unripe products such as green peas and
green beans should be clearly listed in the food group “fruit and vegetables”.

Other plant-protein based products, in particular some ready-to-cook meat analogues, which
are sometimes rich in salt and saturated fatty acids, are highly processed, and as will be
mentioned in chapter 8, this type of products has not yet been sufficiently investigated, cur-
rently there is no evidence which supports their recommendation.

Furthermore, "quorn", which is a trade name for a specific commercial product, should not be
mentioned in the recommendations, especially as there are no specific studies on this subject
and many similar products are currently being sold.

Fat-containing food

Oils and fats
Author: Ulrich Keller

Definition and scope

In an average diet, fats and oils cover approximately one third of total energy requirements
and are the most energy-dense nutrients. Due to the increase in prevalence of nutrition-re-
lated chronic diseases such as obesity, cardiovascular diseases and type 2 diabetes, the role
of fats and oils in the etiology, prevention and therapy of such diseases is of particular interest.
Not only the total intake but also the fatty acid composition is of great interest specifically in
relation to atherosclerotic diseases.
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Dietary fats and oils are present in visible form or they are contained in composite, processed
food products (“hidden fat”). Solid fats at room temperature are mostly of animal origin (ex-
ceptions are e.g. cocoa and coconut fat), and liquid oils at room temperature are usually of
plant origin (exceptions are e.g. fish oils). Dietary fats and oils contain fatty acids of various
chain lengths and degrees of saturation which exert different effects on the risk of non-com-
municable diseases.

The main focus of this review is to summarize epidemiological evidence on the association
between consumption of certain fats and oils (defined by their fatty acid composition) and
health outcomes. Earlier studies reported on the relationship between fat and oil consumption
and biomarkers such as serum lipids (see e.g. meta-analysis be Mensink et al [366]. This led
to the “Diet Heart” hypothesis, which placed a major emphasis on the relationship between
dietary fats, particularly saturated fats, serum lipids and cardiovascular disease. However,
due to the complexity of the relationship between lipoproteins and coronary disease and the
increasingly recognized role of non-lipid factors, recent studies focus on hard end-points such
as cardiovascular morbidity and mortality, rather than blood lipid profiles [367].

Furthermore, current dietary guidelines are shifting towards food group recommendations,
rather than indicating recommended intakes for specific nutrients, i.e. specific fatty acids in-
takes [42, 106, 346]. The reason for this is that health effects of certain nutrients depend on
the type of food in which they are contained, due to the texture of the food and to other food
components [172, 368, 369]. Examples: Identical quantities of saturated fatty acids in butter
or cheese may have slightly different effects on serum lipids [370]. In addition, fermented dairy
products have different health effects compared to unfermented products [371] even with an
identical content of macronutrients. Nevertheless, the present survey focusses on fats and
oils as they are defined by their biochemical composition. The reason for this is the fact that
the currently available epidemiological literature was largely based on this aspect. Frequently
consumed fats and oils in Switzerland are discussed, if possible.

71.2 Recommendations and intake data
The Swiss Federal Commission on Nutrition has issued recommendations on the consump-
tion of fats and oils in 1992 and in 2006 [372]. In 2012 the latter recommendations have been
updated and revised [373].

Summary box: present recommendations and estimated levels of intake in the Swiss population

FAT I
Daily recommendations ac- ||2-3 tablespoons (20-30 g) of vegetable oil per day, at least half in form of rape-
cording to the current Swiss ||seed oil. In addition, butter, margarine, cream etc. can be used sparingly (ap-
Food Guide Pyramid[2] prox. 1 tbsp = 10 g per day).
Other recommendations Total fat 20-35% (max 40%) / 45-80 g**
[271] Saturated fatty acid <10% /<20 g
Federal commission on nu- ||Monounsaturated fatty acid 10-15% (max 20%) / 20-35 g
trition (2012)[373] , is based ||Polyunsaturated fatty acid
on Percentage of daily en- [[n-6 fatty acids 2.5-9%/5.5-20 g
ergy requirement / Amount [[n-3 fatty acids 0.5-2%/1-4.49
with energy intake of 2000 [|[EPA + DHA 500 mg
kcal DHA during pregnancy & lactation min. 200 mg
Trans fatty acids as small quantities as possible
Daily Intake in Switzerland* ||Vegetable oils
3] Fat™ 13.69g/149g/13.3g
399/44.49/34.6
Total / male / female g g g

* Data are mean values of two 24-hour recalls protocols, weighted and corrected for seasonality and weekdays.

**For example: butter, margarine, cream, coconut fat, animal fats, mayonnaise
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An analysis of the per capita fat consumption in Switzerland 2016 shows that the major fat
sources are in decreasing order of per capita consumption): 1. sunflower oil; 2. butter; 3.
rapeseed (canola) oil; 4. palm oil; 5. other and undefined plant fats and oils; 6. olive oil; and
7. other animal fats [374].

Mechanisms

Dietary fats are more energy-dense than other energy-providing foods. The different fatty ac-
ids in fats and oils determine their physical properties (melting point or fluidity of cell mem-
branes), chemical behaviour (e.g. process of chemical reactions) and their biological func-
tions. They exert different effects on plasma lipoprotein concentrations and are precursors of
eicosanoids (metabolites of n-3 and n-6 fatty acids). Dietary fats are also sources of fat-solu-
ble vitamins and of flavouring agents. Vegetable oils such as extra virgin olive oil also contain
phenolic compounds which may have anti-inflammatory properties [375].

Review of the literature
In this paragraph, results of major meta-analysis are described. Further review papers and
articles are mentioned in the annexes, as well as in the graph below.

Review of meta-analyses of the relationship between dietary fats and oils and coronary
heart disease, stroke, and type 2 diabetes published between 2006 and 2014 (publica-
tion by Mozaffarian et al. in 2016 [346])

Relative Risk (95% CI)
0.4 0.6 0.8 i 1.2 1.4 1.6
cHD — 7 PCs Mente A 2009
Total fat Stroke — 4RCTs Hooper L 2012
Diabetes 4 PCs Alhazmi A 2012
CHD s 20 PCs Chowdhury R 2014
Saturated fat Stroke —_— 8 PCs Si-Tarino M 2010
Diabetes —— 7 PCs Alhazmi A 2012
CHD e 9 PCs Chowdhury R 2014
Monounsaturated Stroke —_— 11 PCs Schwingshackl L 2014
fat Diabetes G & PCs Alhazmi A 2012
Total PUFA or cHD — o PCs Farvid M 2014
n-6 PUFA Diabetes B = 5 PCs Alhazmi A 2012
CHD . ——1 5 PCs Pan A 2012
n-3 PUFA .
(Plant sources) Stroke el 3 PCs Pan A 2012
Diabetes B 7 PCs Wul2012
CcHD — 16 PCs Chowdhury R 2014
n-3 PUFA Fatel GHD | ommima—et 16 PCs, 5 RCTs | Mozaffarian D 2006
(seafGOd sources) Stroke p—P 8 PCs Larsson § 2012
Diabetes - 16 PCs Wu12012
Trans fat CHD e 4 PCs Mente A 2009
(indUStrial) CHD . —— 4 PCs Mozaffarian D 2006

Figure 2 shows the relative risks with 95% confidence intervals for major health outcomes during high versus
low consumption of specific fats (redrawn from Fig. 7 in [172]).

The citations in the figure are: Mente A 2009 [376], Hooper L 2012 [377], Alhazmi A 2012 [378], Chowdhury R
2014 [379], Siri-Tarino M 2010 [380], Schwingshackl L 2014 [381], Farvid M 2014 [382], Pan A 2012 [383],
Wu J 2012 [384], Mozaffarian D 2006 (1) [385], Larsson S 2012 [386], Mozaffarian D 2006 (2) [387].
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Conclusions from this review of meta-analyses: Total fat and saturated fat is not clearly asso-
ciated with CHD, stroke and type 2 diabetes, Monounsaturated fats appear to be protective
for stroke. Total or n-6 PUFA are associated with diminished CHD events. Plant-based n-3
PUFA are shown to be protective for type 2 diabetes, however, inspection of reference Wu J
et al. [384] shows that the decrease of type 2 diabetes risk was not statistically significant.
Seafood-derived n-3 PUFA are associated with a reduction of CHD risk, and they reduce the
risk of CHD death. The most —statistically significant association is that of industrial trans-fats
with an increase of CHD risk.

Dietary fat or fatty acid intake in relation to cardiovascular disease (CVD) and stroke.
Results of meta-analyses published between 2012 and 2017 (see Annex Table S1)
[377, 379, 381, 382, 388-405]

Consumption of total fat and saturated fat (in % of energy intake) is not clearly associated with
cardiovascular morbidity and mortality. A small but potentially important benefit regarding car-
diovascular risk results from the (total/partial) replacement of saturated fat with polyunsatu-
rated fat. This benefit has however not been observed in patients with diagnosed CVD. Con-
sumption of the PUFA linoleic acid has been associated with reduced cardiovascular morbidity
and mortality; however, there is insufficient evidence to prioritize a specific type of unsaturated
fat when replacing saturated fats. Seafood-derived PUFA (n-3) supplements have been
shown to diminish cardiovascular and total mortality in cardiovascular high-risk patients. Con-
sumption of industrial trans-fatty acids has been associated with increased cardiovascular
morbidity and mortality and total mortality. Regarding stroke risk, higher consumption of
MUFA (particularly olive oil) has been associated with diminished risk. There is evidence from
cohort studies that consumption of long-chain n-3 PUFAs is associated with diminished stroke
risk, however, RCTs with long-chain n-3 PUFAs are inconclusive.

Dietary fat or fatty acid intake in relation to type 2 diabetes and obesity.

Results of meta-analyses published between 2012 and 2017 (see Annex Table S2)
[282, 378, 384, 392, 406-421]

Consumption of total fat or saturated fat intake has not been clearly associated with type 2
diabetes risk. Increased consumption of MUFA, olive oil and in some instances of n-6 PUFA
have been associated with diminished type 2 diabetes risk, and with improved metabolic con-
trol in patients with established type 2 diabetes when carbohydrates were replaced by MUFA.
Regarding high versus low consumption of plant-derived n-3 PUFA, some studies suggested
a diminished risk of developing type 2 diabetes and decreased insulin resistance but the find-
ings were not consistent. Seafood-derived n-3- PUFA have not been shown to reduce type 2
diabetes risk (in Western populations). Regarding overweight and obesity, lowering the pro-
portion of fat in the diet resulted in a small but noticeable decrease of body weight. When fat
reduction was compared to carbohydrate reduction in weight loss trials, the latter was some-
what more efficacious to reduce weight than the former.

Dietary fat or fatty acid intake in relation to certain types of cancer.

Results of meta-analyses published between 2012 and 2017 (see Annex Table S3)
[422—-426]

High intake of total fat and of SFA was associated with increased risk of cancer of breast,
endometrium and stomach in some but not all observational studies.

Dietary fat or fatty acid intake in relation to other endpoints (neurologic, psychiatric).
Results of meta-analyses published between 2012 and 2017 (see Annex Table
S4) [427-430]
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Observational studies suggest that long-chain n-3 fatty acids are associated with diminished
incidence of cognitive impairment in elderly subjects, decreased risk of dementia and de-
creased risk of severe depression. Randomised controlled trials confirmed an improvement
of cognition only in subjects, which were n-3 PUFA deficient.

Recent important publications

Authors

Conclusions of the authors

Comments

Dehghan M et al

This study showed that across 18 countries from 5 continents

There was a large so-

2017 [431] increased fats are not associated with higher cardiovascular | /cio-demographic and
disease or mortality. economic heterogeneity

between these 18
countries with widely
discrepant rates of total
mortality. Therefore,
there is a high likeli-
hood of residual con-
founders.

May-Wilson S, Colorectal cancer (CRC) risk reduction was observed in asso-

Sud A, Law PJ, ciation with serum MUFAs und with PUFA (linoleic) concentra-

Palin K, Tu- tions; increased risk was observed with serum PUFA (arachi-

upanen S, Gylfe |/donic acid) and SFA (stearic acid). Thus, a proinflammatory

A, et al. 2017 serum fatty acid profile was associated with increased colon

[432] cancer risk.

Guasch-Ferre M
et al. 2015 [433]

Intakes of MUFAs and PUFAs in this study (PREDIMED) were
associated with a lower risk of CVD and death, whereas SFA
and trans-fat intakes were associated with a higher risk of
CVD. The replacement of SFAs with MUFAs and PUFAs or of
trans fat with MUFAs was inversely associated with CVD.

Ramsden CE et
al. 2016[434]

Available evidence from randomized controlled trials shows
that replacement of saturated fat in the diet with linoleic acid
effectively lowers serum cholesterol but does not support the
hypothesis that this translates to a lower risk of death from
coronary heart disease or all causes. Findings from the Minne-
sota Coronary Experiment add to growing evidence that in-
complete publication has contributed to overestimation of the
benefits of replacing saturated fat with vegetable oils rich in
linoleic acid.

Wang DD et al.
2016 [435]

Different types of dietary fats have divergent associations with
total and cause-specific mortality. These findings support cur-
rent dietary recommendations to replace saturated fat and
trans-fat with unsaturated fats.

Wu JH et al. 2014
[436]

The findings suggest that circulating levels of LA, the major di-
etary n-6 PUFA, is related to lower total mortality and espe-
cially subtypes of CVD mortality in older adults. Other circulat-
ing n-6 PUFA, including AA, were not significantly associated
with total or CVD mortality.

Conclusion

7.1.51

Discussion and research gap about fatty acids

Cardiovascular disease: Total fat and saturated fat (in % of energy intake) are not clearly
associated with cardiovascular morbidity and mortality. A small but potentially important ben-
efit regarding cardiovascular risk results from the replacement of saturated fat with polyun-
saturated fat. This benefit is not observed in patients with established CVD. Consumption of
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n-6 PUFAs is associated with reduced cardiovascular morbidity and mortality. There is insuf-
ficient evidence to prioritize a specific type of unsaturated fats replacing other macronutrients
such as saturated fats or starchy or sugary foods. Seafood-derived n-3 PUFA supplements
have been shown to diminish cardiovascular and total mortality in cardiovascular high-risk
patients. Industrial trans fatty acids have been associated with increased cardiovascular mor-
bidity and mortality and total mortality.

Type 2 diabetes: Total fat or saturated fat intake have not been clearly associated with in-
creased risk. Increased consumption of MUFA, olive oil and in some instances of PUFA have
been associated with diminished type 2 diabetes risk, and with improved metabolic control in
patients with established type 2 diabetes when carbohydrates were replaced by MUFA.

Overweight and obesity: Lowering the proportion of fat in the diet resulted in a small but
noticeable decrease of body weight. When fat reduction was compared to carbohydrate re-
duction in weight loss diets, the latter was somewhat more efficacious to reduce weight than
the former.

Cancer: High intake of total fat and of SFA has been associated with increased risk of cancer
of breast, endometrium and stomach in some but not all observational studies.

Cognitive impairment, dementia and depression: Observational studies suggest that long-
chain n-3 fatty acids are associated with diminished incidence of cognitive impairment in el-
derly subjects, decreased risk of dementia and decreased risk of severe depression.

7.1.5.2 Transfer of results to fats and oils

Fats and oils which are consumed with the daily diet consist of a mixture of different fatty
acids. For example: Animal fats consist predominantly of saturated fatty acids, but they also
contain different quantities of MUFAs. On the other hand, vegetable fats/oil may vary consid-
erably in their composition of MUFA, n-3 and n-6 fatty acids, and some of them like palm oil
or coconut oil have also high proportions of SFA. In addition, there are other ingredients like
polyphenols or antioxidants that can occur in different quantities and can also have an influ-
ence on the diseases discussed. This makes it almost impossible to transfer or quantify the
results to specific fats/oils. Studies on fats and oils with endpoints such as CV morbidity and
mortality are rarely available.

On the basis of the results, however, the following recommendations can be derived concern-
ing cardiovascular health: The quantity of fat intake is probably less important than quality.
The quality of fat consumption can be improved by replacing a high proportion of SFA (e.g.
butter, lard) by fats with a high proportion of unsaturated fatty acids like plant oils. According
to current evidence, it is not necessary to give preference to certain plant oils and fats.

The evidence for recommending specific tropical oils, in particular coconut oil, is still vary
scarce. On the contrary, a meta-analysis studying the association of coconut oil and blood
lipids in interventional studies showed a slight increase of LDLs [437]. In order to be able to
derive more specific recommendations, long-term studies, including a better distinction be-
tween refined and unrefined coconut oils and fats are needed.

Recommendation

Specific issues of the yellow level (fats, oils and nuts) incl. the explanatory text (,Oils, fats and
nuts: Daily 2-3 large spoons (20-30 g) vegetable oil; thereof at least half as canola (rapeseed)
oil. In addition, use sparingly butter, margarine and cream (approx... 1 spoon= 10 g per day))
of the current Swiss Food Pyramid require discussion and revision according to the present
literature survey:
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7.21

7.2.2

e Itis not appropriate to display vegetable oils and butter as equivalents, since rec-
ommendations for their intake differ. It is recommended to emphasize that the con-
sumption of vegetable oils should be increased.

e The literature search failed to provide a scientific basis to recommend specifically
canola (rapeseed) oil, rather than other vegetable oils, such as sunflower, safflower
or olive oil. This conclusion is supported also by the evidence derived from Mediter-
ranean diets (PREDIMED study [160].

¢ The canola oil recommendation has historic origins. Nowadays a variety of fats and
oils are available on the market and the recommendations should place more em-
phasis on a selection of oils to cover all fatty acid needs. Equivalent oils (regarding
fatty acid composition) should be treated equally regarding potential health bene-
fits.

o The specific role of nuts in the recommendations is considered separately (chapter
7.2).

Nuts

Author: David Faeh

Definition of nuts

A nut is a fruit composed of a shell and a seed. However, nuts in the culinary sense are
botanically very heterogeneous. For example, almonds, pecans, pistachios, walnuts, and Bra-
zil nuts, are not nuts in a botanical sense. Also, peanuts belong botanically to the legumes. In
this report, "nuts" are defined according to their culinary definition. In Switzerland, the follow-
ing nuts are the most frequently consumed: peanuts, walnuts, almonds, hazelnuts, chestnut,
pistachio, pine seeds, brazil nut, cashew, macadamia, pecan. In most studies, a serving size
of nuts is 30g. If not otherwise mentioned this serving size is used in this report.

The food group "nuts" in the swiss food pyramid also includes seeds. Due to the low frequency
of consumption, resp. missing consumption data, seeds are neglected in this evaluation.

In contrast to most other fruits, nuts are energy dense, mainly due to their high fat content.
Unlike fruits, they also contain considerable amounts of protein. However, due to the botanical
heterogeneity of nuts, the content of micro and macro nutrients as well as fibers varies sub-
stantially between nuts (and oily seeds) [438]. Nuts are also a good source of minerals and
vitamin E, and have a favourable fatty acid composition [439].

Recommendations and intake data

To date, in the Swiss Food Pyramid, nuts are in the category below the top category: "Qils,
fats and nuts: to consume daily in small amounts". More precisely, the Swiss Society for Nu-
trition (SSN) recommends the daily consumption of 20-30 g of unsalted nuts. The daily intake
of Swiss adults is less than half of the swiss recommendation [3], as shown in the table below.

Summary box: present recommendations and estimated levels of intake in the Swiss population
NUTS / SEEDS Definition Quantity

Daily recommendations current Swiss Food Unsalted nuts, seeds

1 portion =20-30 g

Pyramid[2]
Other recommendations [271] Nuts, seeds 21 g (16-25) per day
Daily Intake in Switzerland* [3] Nuts, seeds, olives, avo-

10.59/9.3g/11.7g
Total / male / female cados

‘Data are mean values of two 24-hour recalls protocols, weighted and corrected for seasonality and weekdays.
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7.2.4

The German DGE recommends daily consumption of nuts and counts one serving size (30g)
towards a "5-a-day" serving. The USDA currently recommends the consumption 2.5 ounces
of nuts seeds (71 g) per week for a person with a daily energy requirement of 2000 kcal [440].
In the Harvard Food Pyramid, nuts are situated in the healthy protein group immediately above
the fruit and vegetable group [441]. In the Mediterranean diet pyramid, nuts are in the same
group as fruits and vegetables [442].

Putative mechanisms linking nuts intake and NCDs

The nutrients present in nuts may offer anti-carcinogenic, anti-inflammatory and antioxidant
properties. One major effect of regular nuts consumption is a reduction of the risk of develop-
ing cardio-vascular/-metabolic disease, most likely via improvement of glycemic, lipid and in-
flammatory (CRP, TNF-alpha) parameters, blood pressure, vascular stiffness and endothelial
function [443—453]. Studies also suggest that the effects are independent of the type of nuts
consumed and rather depend on nuts dose [451]. Recent research focuses on the prebiotics
properties in humans of the non-bioaccessible material of nuts (polymerized polyphenols and
polysaccharides), which provides substrates for the human gut microbiota and on the for-
mation of new bioactive metabolites, potentially providing additional health benefit [453].

Literature review

Cardiovascular disease (CVD) & type 2 diabetes mellitus

In the PREDIMED nutrition intervention trial, a Mediterranean diet enriched with nuts de-
creased CVD incidence and mortality and decreased cancer mortality, compared to an isoca-
loric control diet [454]. However, after the recent reanalysis of the PREDIMED-data, survival
of participants with the nuts-enriched diet was virtually the same as that of participants follow-
ing the control diet [160]. Because CVD mortality was still lower in the nuts group, this sug-
gests that non-CVD-mortality must have been higher in participants following the nuts en-
riched diet compared to the control group. This is at odds with most of the literature showing
that nuts consumption is associated with lower cancer and non-cancer-non-CVD-mortality
(see below). Based on meta-analyses of PCS , nut intake is associated with reduced risk of
CVD, including stroke, total cancer and all-cause mortality, and mortality from respiratory dis-
ease, type 2 diabetes, and infections [355, 455-458]. However, observational studies are
prone to substantial (residual) confounding and their results should be interpreted cautiously.

Obesity

Nut consumption may positively impact on body weight by stabilizing [443, 444] or even low-
ering the BMI [443, 445]. One explanation for the alleged contradiction between the high en-
ergy density of nuts and their favourable properties for body weight control could be explained
by the fact that only a part of the energy content in nuts assessed in laboratory (physical
calorific value) is indeed absorbed by the human body (physiological calorific value) [459].
Other explanations include the high satiating power of nuts and an increase in energy ex-
penditure associated with nut consumption, the latter accounting for 10-15% of the beneficial
body weigh properties of nuts [460].

Cancer

Consumption of nuts is inversely associated with cancer (from all causes) [456—458]. There
is limited evidence on a possible protective effect of nuts consumption on lung cancer [461]
but the mechanisms are unclear. The potentially preventive effect of walnut consumption on
colon cancer development may be due to walnut-induced changes to the gut microbiome
[462].
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7.2.6

Discussion and research gap

To date, there is some evidence that nuts decrease the risk of NCDs. However, two system-
atic reviews and meta-analyses concluded that there is much inconsistency and insufficient
high quality evidence substantiating the effect of nut consumption on CVD in primary preven-
tion [449] and in metabolic syndrome patients respectively [452]. Therefore, more data from
high quality RCTs is needed in order to determine the specific impact of different types and
amounts of nuts on risk factors and disease outcomes [449, 452]. Nevertheless, evidence
speaking in favour of regularly consuming nuts is still way better than that for most other foods
where mostly no RCT evidence is available at all. Furthermore, there is sufficient evidence
that consuming unsalted nuts does not entail health risks, in particular that it does not lead to
weight gain, but could even help managing body weight [463].

The current version of the Swiss Food Pyramid groups foods according to their physical en-
ergy density with those having the highest density being at the top. Placing nuts among en-
ergy-dense foods may be wrong in the sense that only a part of the calories contained in nuts
contributes to the energy balance. In fact, the physiological energy content of nuts is substan-
tially lower than their physical content. As consequence, there is no scientific rational for the
current position (almost on the top) of nuts in the pyramid.

There is only little evidence on the “ideal” amount of nuts daily consumed that provides the
maximum health benefits. Available evidence suggests a beneficial effect already at amounts
below 30g. Whether larger amounts (>30g) provide additional or less benefit cannot be deter-
mined based on the current literature [172].

Conclusion and recommendation

Nuts are energy and fat-dense foods, but contains also many valuable nutrients, such as
essential fatty acids, protein, dietary fibers, calcium, iron, and many others.

The present literature provides evidence, mainly based on PCSs, that the consumption of
unprocessed nuts is not associated with an increased risk of NCDs, and more specifically with
an increased risk of obesity. This suggests that their energy density is not associated with a
risk of excess energy/fat intake and accumulation in the body.

There is some evidence, mainly based on PCSs, that consumption of unsalted nuts is asso-
ciated with decreased incidence of NCD and decreased total mortality. This conclusion is
supported by a fairly large number of RCTs showing that nut supplementation has short-term
beneficial effects on cardiovascular risk factors, body weight, glucose homeostasis, and blood
markers of inflammation.

The evidence for beneficial health effects is supported for consumption of one serving un-
salted nuts per day; the available dose-response data suggests a beneficial effect already
with a third of a serving (10g) but there is no evidence available for larger amounts (>309g)
[172].

The present recommendation to consume small amounts of nuts and oils daily appears valid,
but nonetheless may underemphasize the nutritional value of nuts. Based on their probable
positive effects on health, nuts, like vegetable fats, should not be placed at the same level
with animal fat sources in the Swiss food pyramid; based on their high fiber, protein and mi-
cronutrient content, nuts may possibly be located at other/lower levels of the pyramid than oils
and fats.

Nuts location together with vegetables and fruits, or protein —rich foods, may allow to provide
a more positive, quantitative message regarding this food group, i.e.: consume 1 serving (30g)
minimally processed nuts daily, i.e. maybe slightly roasted, but not salted, or coated with sugar
or fats.
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8.1

Packaged foods and snacks

Authors: Kim Anne Lé and Luc Tappy

General discussion

It was initially planned to include recommendations regarding packaged foods and snacks
(sweet and “salted”/savoury) in the Swiss dietary guidelines and/or the Swiss food pyramid.
Searching the literature for studies related to consumption of snacks and packaged food, it
was however quickly observed that very few studies, whether prospective cohort studies or
randomized controlled trials, allowed to obtain information about consumption of specific
shacks or packaged foods. This is likely linked to the large variety of products included in
these categories, each being consumed at a low frequency, and the absence of well-defined
classifications.

Packaged food products can roughly be classified into two main categories:
- Products from major food groups (e.g. canned vegetables or fruits, tinned fish, pro-
cessed meat such as ham, bacon, cheese, breakfast cereals).
- Mixed products (usually ready to eat (RTE) or ready to heat (RTH)): usually made of
a combination of multiple ingredients (e.g. frozen meals, pizzas, cake mixes, instant
packaged soups and noodles).

Products from the first group are already covered in the Swiss pyramid, regardless of their
format (packaged vs raw vs home-made). Regarding the second group, the main challenge
rests in the fact that RTE/RTH products are widely heterogeneous in all aspects (composition,
eating occasion, serving size) to classify them into one group as a whole.

To overcome this challenge, one approach would be to strictly consider the degree of pro-
cessing, and several food processing classification systems have been proposed [464, 465].
There are however important limitations to this approach, since industrial RTE/RTH products
are collectively viewed as highly-processed, without an objective assessment of the ingredient
listing and processing modalities applied. As the food industry is moving more and more to-
wards ‘clean label’ products made of simple, recognizable ingredients, their recipe and nutri-
tional compositions can be expected to be closer to those of home-made equivalents. In ad-
dition, packaged RTE food products are categorized based on the end product, while home-
prepared meals are categorized based on the individual ingredients, even if they are made
with exactly the same ingredients.

Given these limitations, it is difficult to delineate scientifically sound criteria that would allow
to group all “packaged food” into one single category. What is usually understood as “non-
packaged foods” are unprocessed single ingredients that include fresh fruits and vegetables,
nuts, seeds, fresh meats, seafood, eggs. However, in each of these food categories, “pack-
aged, industrial” versions exist, and many criteria need to be taken into account. For instance,
a decision needs to be made about culinary versus industry ingredients and whether the pres-
ence of even one industrial ingredient (e.g., citric acid, sodium benzoate, caramel colour, or
ascorbic acid) would result in the classification of the food as an industrial/packaged food, and
whether it would alter its nutritional quality and impact on health.

An additional challenge that prevent a specific recommendation on “packaged food” as one
group is the fact that no health impact data is available on “home-made/non-packaged” ver-
sions of mixed meals, such as lasagna, pizzas, soups, etc., which, when directly bought in
the stores, are considered as highly processed foods. It is therefore unknown whether the
nutritional composition and associations with health outcomes of these homemade products
may differ from their industrial versions.
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Similary, regarding snacks, the major issue may be the definition of what constitutes a snack:
In the Collins dictionary, a snack is defined the as “a light quick meal eaten between or in
place of main meals”. According to this definition, foods from any group (cereals, fruits, veg-
etables, nuts, dairy, etc) and processed home-made or industrial foods (cookies, ice-creams,
chocolate bars, etc) can be consumed as snacks. Some national guidelines define snacks as
foods consumed in-between main meals, or foods containing up to 150 kcal, consumed in
one single eating occasion. The Macmillan dictionary provide a non-exhaustive list of foods
items considered as snacks (http://www.macmillandictionary.com/thesaurus-category/brit-
ish/sweet-food-and-desserts), which gives an idea of the large range of products which are
covered in this category.

Many national dietary guidelines provide recommendations for snacks [466]. Most propose
consumption of up to two snacks per day, and specify that the amount of energy consumed
as snacks should be balanced by reduced energy intake at meals. Snacks should contain
enough energy to ensure satiety until the next main meal, but not too much to avoid energy
overconsumption. Furthermore, snacks should also provide non-caloric nutrients (including
dietary fibers) to contribute to overall daily nutritional requirements.

Based on the present knowledge in the field, there is neither obvious advantage nor obvious
adverse effects of snacking for the general population, provided that total daily energy intake
remains within energy requirements. The dietary guidelines may therefore mention the pos-
sibility to rely on snacking as part of a healthy diet, and may include recommendations about
frequency, size, and composition for healthy snacking. Key criteria can include the following:

- Amount of energy (50-150 kcal)

- Nutrients content (fiber, fiber:energy ratio, content in specific micronutrients with

inadequate intake)

- Low saturated fat; no trans-fat

- Low sodium

- Low “free sugar”

Until such criteria are developed, it can be proposed that the food-group based dietary guide-
lines may include a more extensive list or description of snacks to be consumed sparingly
only, and which should remain at the top of the food pyramid. It may also inform about the fact
that fruits health benefits are limited to whole fruits, and that there is no evidence that pro-
cessed fruit products (e.g. fruit juices, fruit pastes, fruits concentrates, products containing
“fruit sugar”) share the same effects.

In conclusion there is no clear scientific basis to classify neither packaged food, nor snacks,
as a whole group, given their highly heterogeneous nature. However, within these two groups,
large differences in nutritional values exist, and it is critical to help provide the population with
accurate and transparent nutrition information. Adoption of a unified front-of-pack labelling
system could help differentiate products based on their nutritional profile.

Various nutrient profiling systems have been proposed with the general purpose of preventing
disease and promoting health [467]. There is a substantial amount of heterogeneity in the way
these profiling systems are designed depending on their application, which can range from
the regulation of nutrition and health claims, marketing to children, product promotion at point
of sale, front-of-package labeling, to product innovation/ renovation by food companies [467].
These methods would still need validation and research is needed in assessing their efficacy
in promoting healthier choices.
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9.1

9.1.1

Final discussion and conclusions

This evaluation was performed with the specific aim of assessing whether, based on the pre-
sent scientific evidence, changes in the Swiss food pyramid are warranted to reduce the risk
of NCD in the general population. In order to address this question, experts were asked to
review the relevant literature starting from 2012 (date of the previous similar assessment by
the SSN + EEK) to 2017. Since making our own complete critical review of the literature was
not possible within the timeframe and with the budget allowed, it was decided to rely primarily
on published critical reviews and meta-analyses, either released by other nutrition- or health-
agencies (expert working groups), or published in peer-reviewed journals by independent re-
searchers. Experts also included in their analysis the original reports of recent studies not yet
included in meta-analyses if felt relevant, and original reports of studies 2012-2017 for out-
comes for which no meta-analyses were available.

NCD represent a very large group of diseases, and a literature search for all NCDs-related
terms was obviously not possible. This work was specifically targeted to NCDs with high inci-
dence in the Swiss population and with known links to nutrition, i.e. obesity, type 2 diabetes,
cardiovascular diseases, and cancer. The analysis was also targeted to total mortality. One
should keep in mind that several important NCDs (degenerative neurological diseases, oste-
oporosis, lung diseases, and many others) were however not included in this assessment.

The aim of this work was not to review the scientific evidence underlying the present Swiss
food-based dietary guidelines, which were mainly developed to insure a balanced overall diet
with adequate intake of total energy and of all essential micronutrients. It was rather aimed at
identifying whether adaptation to present guidelines would possibly provide additional benefit
for NCD prevention while at the same time ensuring adequate overall nutrition

Our evaluation therefore included not only a qualitative but also a quantitative dimension. For
each food group, both the experts and the working group assessed a) whether habitual intake
of food groups were associated with NCDs and whether a causal relationship was likely, b)
whether beneficial or adverse effects could be related to well defined intake data (dose-de-
pendent effect, or threshold dose for health-related effects, and c) whether optimal intake data
determined in b) were different from present guidelines and expected effect size would be
sufficient to support a change. For each food group assessed, the following conclusions were
attained.

Fluids and beverages

Fluids

Fluid intake adequacy is poorly defined, and prevalence of disorders linked to inadequate
hydration is unknown. Current recommendations for total water intake are based on adequate
intakes (Al) in temperate climates at moderate physical activity levels and not on estimated
average requirement (EAR) nor on Recommended Dietary Allowance (RDA). To date, rec-
ommendations for water intakes have been established from population intake data and not
from studies having linked long-term water intake with health outcome. Given the limited
amount of current evidence linking total water intake to health outcomes, we need further data
to guide evidence-based recommendations on water intake. In particular, scientific evidence
on the levels of long-term water intake needed to reduce the risk of common chronic diseases
is currently limited. No change to present guidelines is presently warranted.
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9.2

Coffee

The evaluation addressed exclusively coffee consumption (the effects of sugar-sweetened
caffeinated beverages was addressed with SSBs, but did not include assessment of the ef-
fects of their caffeine content).

The present evaluation indicates that coffee consumption (including decaffeinated coffee) up
to 4 cups/day (400 mg caffeine/day) has no identified deleterious effects on health, and may
even be associated with reduced NCD risk. These conclusions are restricted to healthy adult
male and non-pregnant females, and does not extend to women during pregnancy and chil-
dren. Coffee does not contain essential nutrients, however, and level of evidence is not suffi-
cient to recommend its daily intake. Unsweetened coffee up to 4 cups/d may however be
specifically mentioned as a possible non-caloric fluid source.

Sugar sweetened beverages

Sugar-sweetened beverages (SSBs) include sugar-sweetened sodas, energy drinks, sport
drinks, artificially sweetened fruit juices, 100% fruit juices and sugar-sweetened milk-based
drinks. They contain mainly water and sugar, but generally do not provide other essential
nutrients (with the exception of fruit juices and sweetened milk-based drinks), and therefore
have no or minimal potential benefits to health.

There is robust evidence that consumption of SSBs is dose-dependently associated with body
weight gain in children and adults. SSBs intake is also significantly associated with increased
risk for type 2 diabetes and most cardiovascular diseases. There is however only weak evi-
dence for an association with cancer. The present conclusions, together with those commu-
nicated recently by several health agencies (UK-SACN, WHO, FR-ANSES) support the pro-
posal that they should not be represented in the Swiss food pyramid, or mentioned only at the
top level of the pyramid.

The scientific evidence linking fruit juices consumption and NCD has not been comprehen-
sively addressed. Commercial fruit juices may contain added refined sugar, but home-made
fruit juices and some commercial preparations (pure fruit juice, 100% fruit juice) may contain
only the sugar naturally present in fruits. Many studies indicate that consumption of fruit juices
at large (i.e. without distinguishing between fruit juice with added sugar and 100% fruit juices)
is associated with increased risk of NCD. Few studies specifically assessed the effect of 100%
fruit juices, and yielded discrepant results. Of importance, in contrast to whole fruits, no study
show a beneficial effect of fruit juice intake on NCD risk. The equivalence of a 100% fruit juice
to one fruit serving is also quite problematic: a 2 dl 100% fruit juice, compared to one serving
of the same fresh fruit, contains about twice as much sugars and almost no fibers. It is there-
fore proposed not to consider fruit juices as possible substitutes for fresh fruits in the Swiss
food pyramid.

The scientific literature reports possible associations between the consumption of artificially
sweetened beverages and NCD risk. Although such association may not be causal, and
mechanisms accounting for adverse effects of artificial sweeteners have not been demon-
strated, it may be cautious not to advocate this type of beverages as a substitute for SSBs.

Fruits and vegetables

There is strong evidence that the consumption of fruits and vegetables is associated with
reduced risk of type 2 diabetes, cardiovascular diseases, and some type of cancers. There is
however only weak evidence that is associated with a reduced risk of overweight and adipos-
ity. When fruits and vegetables are considered together, there is a dose-dependent risk re-
duction for most NCDs. When assessed individually, there is a strong effect of consuming 1
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9.4.1

or 2 fruits servings per day compared to no fruit, but consumption of more than 2 fruit serv-
ings/day does not further reduce the risk. In contrast, consumption of vegetables is associated
with a continuous risk decrease up to 4 servings/day.

These observations confirm that current guidelines (ie 2 fruit serving and 3 vegetable serving
per day) are well supported by the present literature, and that no change is presently war-
ranted.

Cereals and starchy foods

The present dietary recommended intake for total carbohydrate is 50-60% total energy. Sev-
eral international and national nutrition agencies and medical associations have recently re-
vised it to lower values, i.e. 40-55%. Cereals and starchy foods should make up 80% of total
carbohydrate intake, i.e. about 32-44% total energy intake.

There is strong evidence that starchy foods differ in the way they alter NCD risk. Consumption
of unrefined cereals is associated with reduced risk of cardiovascular diseases, type 2 diabe-
tes and some cancer and with lower overall mortality, while consumption of refined cereals
appears to have a neutral effect.

The mechanisms underlying these differences remain poorly understood. Effects of unrefined
cereals may be mediated by their fiber content, by their slow rate of digestion and absorption,
and by the way they alter postprandial glycemia and insulinemia. When assessing the rela-
tionship between intake data and health outcome, consumption of whole grains (defined as
cereals minimally processed or processed in a way that the cereal’s components (endosperm,
germ and bran) are present in the same relative proportions as they exist in the intact grain)
is consistently associated with beneficial effects on cardiovascular and type 2 diabetes risk
and on total mortality. Consumption of cereal fiber is also consistently associated with reduced
risk of cancers. Evaluation of dietary carbohydrate intake based on glycemic index is however
not, or inconsistently associated with reduced risk for NCDs

There is strong evidence that consumption of 30 g whole grain and beyond (up to 90-
100g/day, i.e. 3 servings/d) reduces NCDs risk. Compared to present recommendations, it
would be advisable to provide an adequate description of whole grains and fiber-rich starchy
foods, and to specifically recommend that 1-3 portions are to be consumed daily.

Dietary proteins

Meat, fish and eggs

No systematic search of the literature was performed for these food groups, and conclusions
were mainly based on recent Swiss and foreign reports. The recent literature was nonetheless
scanned and results of recent studies was taken into consideration when felt appropriate.

As recently concluded from the Swiss report on meats, there is a positive association between
processed meat and red meat consumption and risk of NCDs. Based on recent meta-analyses
and reappraisals by other expert groups, adverse effects are observed with intake above 50
g/day for processed meat and 100 g/day for red meats.

As concluded from previous Swiss and foreign reports, there is an inverse relationship be-
tween fish consumption and overall mortality. There is however no significant effect on risk of
overweight or type 2 diabetes. Recently, there has also been increasing concern regarding
intake of contaminants (heavy metals) associated with fish consumption. This regards mainly
carnivorous fish (at the end of the fish food chain), and deep-sea fishes. The risk appears also
more important with aged vs young fishes due to bioaccumulation of contaminants. This has
led several agencies to revise their guidelines and advise the consumption of 1 one deep sea
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fish and one other fish per week. Finally, there is presently insufficient information regarding
eggs consumption and health.

Dairy products

The literature does not support strong links between dairy products consumption and risk of
NCDs. It however does not demonstrate any adverse effects of dairy products on mortality,
incidence of cardiovascular diseases, type 2 diabetes, obesity or cancer. There is instead
some evidence that consumption of fermented dairy products may offer some protection
against obesity. Effects on bone health were not included in this evaluation.

The current Swiss recommendations regarding dairy products, that postulate the consumption
of three portions each day, are reasonable on the basis of currently available information and
scientific evidence. Also, the defined portion sizes can be considered as reasonable. Recom-
mendations should not emphasize reduced-fat dairy products since there is no evidence indi-
cating that whole-fat products are detrimental to health. The present recommendation to con-
sume 3 portion/day dairy products remains adequate. We suggest to add a recommendation
to diversify the consumption of dairy products, to take total energy into consideration, and to
restrict consumption of sugar-sweetened dairy products.

Pulses and vegetable proteins

Pulses are an important source of plant protein, in particular in combination with other foods.
Based on current evidence, there is evidence that consumption of pulses decreases the risk
of some chronic diseases (coronary heart disease, lung cancer).

With respect to consumption of plant protein, intervention studies point towards a protective
effect against NCDs. Substituting animal with plant protein has shown some benefit with re-
spect to mortality. However, the number of studies so far is limited.

Although most epidemiological studies looking at health effects of pulses or plant protein in-
take make an effort to control for confounding factors and try to elucidate the mechanisms of
their health effects, it currently remains unclear whether they are due to other nutritional com-
ponents such as isoflavones, protein, resistant starch, or fibers.

Given that it is recommended to limit consumption of red meat and processed meat on one
hand, that there is increasing interest for reducing consumption of meat for ecological and
sustainability issues on the other hand, it appears appropriate to stress that consumption of
plant protein should be increased at the expense of animal protein. Given that pulses are an
important source of plant protein in our diet, it is proposed that this class of food be relocated
with other protein-rich foods (meat, fish and eggs) at the third level of the Swiss food pyramid.

Fats and oils

The review of meta-analyses of prospective cohort studies and of randomized controlled trials
published during the past 5 years indicates that the recommendations dietary fats and oils of
the EEK/FCN published in 2012 need some revisions.

Total fat and saturated fat intakes (in % of energy intake) are not clearly associated with car-
diovascular morbidity and mortality. Consumption of the n-6 PUFA acid is associated with
diminished cardiovascular morbidity and mortality. A small but potentially important benefit
regarding cardiovascular risk results from reduction of saturated fat when it is replaced by
polyunsaturated fat. This benefit is not observed in patients with established cardiovascular
diseases, however. Seafood-derived n-3 PUFA supplements have also been shown to dimin-
ish cardiovascular and total mortality in subjects at high risk for cardiovascular diseases.
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Based on these findings, it appears that replacing animal fat with vegetable oils have overall
protective effects on cardiovascular risk, and hence that vegetable oils and butter should not
be located at the same level of the pyramid. There is no scientific basis to recommend spe-
cifically canola oil, and it is therefore recommended that as other vegetable oils, such as olive
oil or sunflower oil should be treated equally.

Nuts and seeds

Nuts are energy and fat-dense foods, but contains also many valuable nutrients, such as
essential fatty acids, protein, dietary fibers, calcium, and iron.

The present literature provides strong evidence, mainly based on prospective cohort studies,
that minimally processed nut consumption is not associated with increased risk of NCDs, and
more specifically with increased risk of obesity. This suggests that their energy density is not
associated with a risk of excess energy/fat intake.

There is also strong evidence that consumption of minimally processed nuts (unsalted and
without sugar/fat containing coatings) is associated with decreased incidence of NCD and
decreased total mortality. This conclusion is supported by prospective cohort studies and by
a large number of randomized clinical trial showing that nut supplementation has short-term
beneficial effects on cardiovascular risk factors, body weight, glucose homeostasis, and blood
markers of inflammation.

The evidence for beneficial health effects is well supported for consumption of one serving
unprocessed nuts per day; the available dose-response data suggests a beneficial effect al-
ready with a third of a serving (10g) but there is no evidence available for larger amounts
(>309).

The present recommendation to consume small amounts of nuts and oils daily appears valid,
but nonetheless may underemphasize the nutritional value of nuts. Based on their probable
positive effects on health, nuts, like vegetable fats, should not be placed level with animal fat
in the Swiss food pyramid; based on their high fiber, protein and micronutrient content, nuts
may possibly be located at other levels of the pyramid than oils and fats.

General conclusions

Compliance to the current guidelines from the Swiss Food Pyramid is generally associated
with a low nutrition-related NCD risk, and specific recommendations for many food groups do
not need to be modified.

There is evidence that fruit and vegetable, and dietary fibers intake in the population is below
current recommendations, and that recommendations should be to eat MORE of these. There
is limited, but concerning evidence that consumption of fruit juices do not share the beneficial
effects of whole fruits, and that fruits juices should not be proposed as a substitute for a fruit
portion.

There is also evidence that a regular consumption of pulses, nuts and whole grain products
is likely to decrease NCD risk, and that recommendations to increase their consumption (to
include daily intake of x portion/day or week) should be issued.
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