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Preface

Dietary carbohydrates and their role in health were last considered by the Committee
on the Medical Aspects of Food Policy in reports published in the 1980s and 1990s.
Since then, considerable evidence has emerged on the role of carbohydrates in cardio-
metabolic, colo-rectal and oral health. The present report details the evidence SACN has
considered and the approach SACN has taken to reviewing the relationships between
dietary carbohydrates and health. The evidence was assessed using the SACN Framework
for the Evaluation of Evidence and graded according to a system developed specifically
for this review. SACN commissioned systematic reviews of the evidence on cardio-
metabolic, colo-rectal and oral health to inform this report and this is the first time
the committee has taken that approach. The findings of the systematic reviews have
been used to inform the very detailed main body of the text which thereby provides
a comprehensive and transparent account of the evidence and how SACN drew its
conclusions.

As a result of its deliberations, SACN is now recommending that a new definition of
dietary fibre be adopted in the UK and that a definition of ‘free sugars’ be used in
nutrition advice in place of ‘non-milk extrinsic sugars. Following careful consideration
of the evidence, SACN is also recommending that the dietary reference value for
carbohydrates be maintained at a population average of approximately 50% of total
dietary energy intake and that the dietary reference value for dietary fibre for adults
should be increased to 30g/day. Furthermore, SACN is recommending that population
average intake of free sugars should not exceed 5% of total dietary energy. This advice,
that people’s intake of free sugars’ should be lower than that currently recommended
for non-milk extrinsic sugars, is based on SACN’s assessment of evidence on the effect of
free sugars on the risk of dental caries and on total energy intake. A higher sugars intake
increases the risk of higher energy intakes - the higher the consumption of sugars, the
more likely people are to exceed their estimated average requirement (EAR) for energy.
Therefore, if intakes of free sugars are lowered, the more likely it is that the EAR for
energy will not be exceeded, and this could go some way to addressing the significant
public health problem of obesity.

I would like to thank those who provided comments on the draft version of this report
during the public consultation. All the comments were carefully considered before the
report was finalised. The process assisted the Committee in refining the text and its
approach to making recommendations.

This has been a challenging and large undertaking for SACN and | would like to thank
the Carbohydrates Working Group, particularly the Chair, Professor lan Macdonald, and
the Secretariat for their great commitment in producing this report. Particular thanks
also go to those in the Nutritional Epidemiology Group at the University of Leeds who



performed the systematic review on cardio-metabolic health and the update search, and
to Dr Peter Sanderson who performed the colo-rectal health and oral health systematic
reviews; they thereby made substantial contributions to this report.

o ot

Dr Ann Prentice
Chair of the Scientific Advisory Committee on Nutrition
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Summary
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Carbohydrates are a major source of energy in the diet. Classified according to
their chemistry, carbohydrates can be divided into sugars (monosaccharides
and disaccharides), polyols, oligosaccharides (malto-oligosaccharides and
non-digestible oligosaccharides) and polysaccharides (starch and non-starch
polysaccharides). However, this classification does not allow a simple translation
into nutritional effects since each class of carbohydrates has overlapping
physiological properties and effects on health. Carbohydrates can also be
classified according to their digestion and absorption in the human small intestine.
Digestible carbohydrates are absorbed and digested in the small intestine; non-
digestible carbohydrates are resistant to hydrolysis in the small intestine and reach
the large intestine where they are at least partially fermented by the commensal
bacteria present in the colon. There is no universal definition of the term ‘dietary
fibre’; broadly speaking, it refers to some or all of the constituents of non-digestible
carbohydrates and may also include other quantitatively minor components (e.g.
lignin) that are associated with non-digestible carbohydrates in plant cell walls.

Background to this review

Dietary carbohydrates and their role in health were last considered by the
Committee on the Medical Aspects of Food Policy (COMA) in reports published
in the 1980s and 1990s. Since then, considerable evidence has emerged on the role
of carbohydrates in cardio-metabolic, colo-rectal and oral health. In 2008, the
Food Standards Agency and the Department of Health asked SACN to provide
clarification of the relationship between dietary carbohydrates and health and to
make public health recommendations. This report was prepared in response to
this request.

Terms of reference

The terms of reference of the carbohydrates working group were to review:

e the evidence on dietary carbohydrate and colo-rectal health in adults (including
colo-rectal cancer, irritable bowel syndrome, constipation) and in childhood
and infancy;

e the evidence on dietary carbohydrate and cardio-metabolic health (including
cardiovascular disease, insulin resistance, glycaemic response and obesity);

e the evidence on dietary carbohydrates and oral health;

¢ the terminology, classification and definitions of types of carbohydrates in the
diet.



S4

S5

S.6

S.7
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Methodology

Only evidence from prospective cohort studies and randomised controlled trials
was considered for this report. SACN commissioned systematic reviews of the
evidence on cardio-metabolic, colo-rectal and oral health in literature published
from 1990 up to and including December 2009, November 2010 and January 20T]
respectively. In order to ensure that the evidence base was as current as possible
while SACN was undertaking this review, the literature searches were subsequently
updated for studies on important health outcomes published up to June 2012. The
evidence was assessed using the SACN Framework for the Evaluation of Evidence
and graded according to a system devised specifically for this review.

SACN has evaluated evidence assessing whether intakes of specific carbohydrates
are a factor in the risk for cardiovascular disease, obesity, type 2 diabetes mellitus
and colo-rectal cancers. The relationship between dietary carbohydrate intake
and a large number of risk factors and markers related to these diseases has been
considered. Evidence on the relationship of carbohydrates to oral health has also
been discussed. For many of the risk factors and disease markers identified, there
was insufficient evidence of the required quality, therefore SACN has based its
recommendations on those conclusions where the committee considered the
evidence base to be of sufficient standard according to the SACN Framework for
the Evaluation of Evidence and the grading system developed for this review.

In this report, evidence has been considered under the broad headings of total
carbohydrates; sugars and sugars-sweetened foods and beverages; starch and
starch-rich foods; dietary fibre; non-digestible oligosaccharides, resistant starch,
polyols and polydextrose; and the glycaemic characteristics of carbohydrate-rich
foods and diets (glycaemic index and glycaemic load). The individual chapters
provide extensive detail on the evidence considered for each type of carbohydrate
in relation to health outcomes, SACN’s view of the strength of the evidence and
its conclusions.

Conclusions and recommendations

The main findings of this review of the evidence on carbohydrates and health,
upon which SACN has based its recommendations, are set out below. The report
provides a detailed consideration of all the evidence considered by SACN.

Total dietary carbohydrate

Overall, the evidence from both prospective cohort studies and randomised
controlled trials indicates that total carbohydrate intake appears to be neither
detrimental nor beneficial to cardio-metabolic health, colo-rectal health and
oral health. However, this report highlights that there are specific components
or sources of carbohydrates which are associated with other beneficial or
detrimental health effects. The hypothesis that diets higher in total carbohydrate
cause weight gain is not supported by the evidence from randomised controlled
trials considered in this review.



Sugars and sugars-sweetened foods and beverages

S9  Prospective cohort studies indicate that higher consumption of sugars and sugars-
containing foods and beverages is associated with a greater risk of dental caries.
Prospective cohort studies indicate that greater consumption of sugars-sweetened
beverages is associated with increased risk of type 2 diabetes mellitus. Randomised
controlled trials conducted in adults indicate that increasing or decreasing the
percentage of total dietary energy as sugars when consuming an ad libitum diet
leads to a corresponding increase or decrease in energy intake. Reduction in the
percentage of dietary energy as sugars was achieved in these trials either through
the substitution of other macronutrient components or by replacing sugars with
non-caloric sweeteners. Randomised controlled trials conducted in children
and adolescents indicate that consumption of sugars-sweetened beverages, as
compared with non-calorically sweetened beverages, results in greater weight gain
and increases in body mass index.

Starch and starch-rich foods

SJ10  Prospective cohort studies suggest there is no association between total starch
intake and incidence of coronary events or type 2 diabetes mellitus or between
the intake of refined grains and risk of type 2 diabetes mellitus. Consumption
of brown rice is associated with a reduction in risk of type 2 diabetes mellitus,
but the evidence is limited to a small number of studies. Prospective cohort
studies indicate an association between greater consumption of white rice and
increased risk of type 2 diabetes mellitus in Asian populations (in Japan and China)
consuming amounts of white rice that are not generally achieved in the UK. It is
therefore uncertain whether this detrimental association is relevant to the whole
UK population. A small number of studies suggest that higher consumption of
potatoes is associated with a risk of type 2 diabetes mellitus, but it is not possible
to exclude confounding by other dietary variables e.g. cooking methods for
potatoes such as frying. There is insufficient evidence to draw a conclusion on the
association between starch intake and weight gain.

Dietary fibre

SN There is strong evidence from prospective cohort studies that increased intakes of
total dietary fibre, and particularly cereal fibre and wholegrain, as they are classified
in this report, are associated with a lower risk of cardio-metabolic disease and
colo-rectal cancer. Randomised controlled trials indicate that total dietary fibre,
wheat fibre and other cereal fibres, as they are classified in this report, increase
faecal mass and decrease intestinal transit times. Randomised controlled trials
also indicate that higher intake of oat bran and isolated B-glucans leads to lower
total cholesterol, LDL cholesterol and triacylglycerol concentrations and lower
blood pressure.

Non-digestible oligosaccharides, resistant starch, polyols and
polydextrose

S12  In this report there is evidence to show that non-digestible oligosaccharides,
resistant starch, polyols and polydextrose increase faecal mass. SACN concluded

©)
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that whilst there is evidence of potentially beneficial effects of these compounds
on physiological parameters the health benefits relating to the consumption of
these specific compounds is uncertain.

Glycaemic index and glycaemic load

Prospective cohort studies indicate that diets with a higher glycaemic index or
glycaemic load are associated with a greater risk of type 2 diabetes mellitus. Limited
evidence from cohort studies and randomised controlled trials suggests that there
may also be other adverse health effects. However, higher and lower glycaemic
index/glycaemic load diets will, in most cases, differ in many ways other than the
carbohydrate fraction and therefore study results are difficult to interpret as it is
not possible to exclude confounding by other dietary variables.

Dietary carbohydrate recommendations for ages 2 years and above

SACN’s recommendations are set out below; the reasoning behind them is
described, in full, in the report.

The dietary recommendations for total carbohydrate, free sugars, starch and
sugars contained within the cellular structure of food, and milk sugars have been
proposed in the context of an energy intake which is appropriate to maintain a
healthy weight (SACN, 201).

It is recommended that the dietary reference value for total carbohydrate should
be maintained at an average population intake of approximately 50% of total
dietary energy!

It is recommended that the definition for ‘free sugars’ be adopted in the UK.
This comprises all monosaccharides and disaccharides added to foods by the
manufacturer, cook or consumer, plus sugars naturally present in honey, syrups
and unsweetened fruit juices. Under this definition lactose when naturally present
in milk and milk products is excluded.

It is recommended that the average population intake of free sugars should not
exceed 5% of total dietary energy for age groups from 2 years upwards.

With the proposed reduction in the population intake of free sugars, their
contribution toward recommended total carbohydrate intake should be replaced
by starches, sugars contained within the cellular structure of foods and, for
those who consume dairy products, by lactose naturally present in milk and milk
products. The complete replacement of energy derived from free sugars by these
carbohydrate sources would only apply to those people who are a healthy BMI
and in energy balance. In those who are overweight, the reduction of free sugars
would be part of a strategy to decrease energy intake.

It is recommended that the consumption of sugars-sweetened beverages should
be minimised in children and adults.

The previous recommendation for total carbohydrate was 47% of daily total dietary energy intake or 50% of
food energy (excluding alcohol) (COMA, 1991).



S.21 It is recommended that dietary fibre should be defined as all carbohydrates that
are neither digested nor absorbed in the small intestine and have a degree of
polymerisation of three or more monomeric units, plus lignin. For extracted natural
carbohydrate components or synthetic carbohydrate products to be defined as
dietary fibre, beneficial physiological effects, similar to those demonstrated for
the naturally integrated dietary fibre component of foods, must be demonstrated
by accepted scientific evidence. Dietary fibre is to be chemically determined using
the prevailing AOAC methods agreed by regulatory authorities.

S.22 It is recommended that the dietary reference value for the average population
intake of dietary fibre for adults should be 30g/day, as defined in the paragraph
above and measured using the AOAC methods agreed by regulatory authorities.
The previous dietary reference value of 18g/day of non-starch polysaccharides,
defined by the Englyst method, equates to about 23-24 g/day of dietary fibre if
analysed using these AOAC methods, thus the new recommendation represents
an increase from this current value.

S.23 It is recommended that the average population intake of dietary fibre for children
aged 2 to 5 years should approximate 15g/day, for children aged 5 to 11 years
20g/ day, for children aged 11 to 16 years 25 g/day and for adolescents aged 16 to
18 years about 30g/day.

S.24  Most of the evidence for the wide range of health benefits of fibre comes from
studies where the exposure reflects dietary fibre intakes achieved through a
variety of foods where it is present as a naturally integrated component. There is
evidence to show that particular extracted and isolated fibres have positive effects
on blood lipids and colorectal function but due to the smaller evidence base, it
is not known whether these components confer the full range of health benefits
associated with the consumption of a mix of dietary fibre rich foods. Therefore, it
is recommended that fibre intakes should be achieved through a variety of food
sources.

S.25 No quantitative recommendations are made for children aged under 2 years,
due to the absence of information, but from about six months of age, gradual
diversification of the diet to provide increasing amounts of whole grains, pulses,
fruits and vegetables is encouraged.

Recommended dietary pattern in relation to carbohydrates

S.26 The National Diet and Nutrition Survey shows that mean intakes of total
carbohydrate meet, or are close to, the levels recommended by COMA in 1991
but that the population overall consumes more than the recommended amount
of sugars and less than the recommended amount of dietary fibre. With the
proposed increase in the dietary reference value for fibre and the new lower
recommendation for free sugars, the difference between recommended intakes
and current dietary intakes of the population would become greater for both. In
order to address this imbalance, there needs to be a change in the population’s
diet so that people derive a greater proportion of total dietary energy from foods

©)
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that are lower in free sugars and higher in dietary fibre whilst continuing to derive
approximately 50% of total dietary energy from carbohydrates.

Evidence considered in this report shows that increasing sugars intake leads to a
corresponding increase in energy intake. For overweight individuals, reducing the
percentage energy intake from free sugars, in the absence of increased energy
intake from other sources, could contribute to a reduction in total energy intake
and result in weight loss. For individuals who are maintaining a healthy body weight,
the reduced intake of energy from free sugars should be replaced by energy from
starches, sugars contained within the cellular structure of foods and for those who
consume dairy products, by lactose naturally present in milk and milk products.
Reducing consumption of free sugars would help to lower the risk of dental caries
in all individuals.

Research recommendations

While discussing the evidence considered for this report, SACN noted gaps in
the evidence base relating carbohydrates to health; the committee has therefore
made a number of recommendations for research which are set out in Chapter 12.



Introduction and methods

Background

Dietary carbohydrates and their role in health were last considered by the
Committee on Medical Aspects of Food Policy (COMA, the predecessor of the
Scientific Advisory Committee on Nutrition) in the following reports: Sugars
and Human Disease (COMA, 1989), Dietary Reference Values for Food Energy
and Nutrients for the United Kingdom (COMA, 1991) and Nutritional Aspects of
Cardiovascular Disease (COMA, 1994). Considerable evidence has emerged since
these reports were published, particularly in the areas of cardio-metabolic,
colo-rectal and oral health. It was therefore considered important to review the
literature on carbohydrate intake in relation to these health outcomes and to
ensure that the dietary reference values reflect the current evidence base.

Terms of Reference

The Scientific Advisory Committee on Nutrition (SACN) was requested by the
Food Standards Agency and the Department of Health to provide clarification of
the relationship between dietary carbohydrate and health and make public health
recommendations. To achieve this they were asked to review:

¢ The evidence for the role of dietary carbohydrate in colo-rectal health in adults
(including colo-rectal cancer, irritable bowel syndrome, constipation) and in
childhood and infancy.

¢ The evidence on dietary carbohydrate and cardio-metabolic health (including
cardiovascular disease, insulin resistance, glycaemic response and obesity).

¢ The evidence in respect to dietary carbohydrates and oral health.

e The terminology, classification and definitions of types of carbohydrates in the
diet.

Methodology

Due to the wealth of data available and because of the concerns around their
limitations, case-control, cross-sectional and ecological studies were not
considered. Only prospective cohort studies and randomised controlled trials
were considered for this report. Evidence on adverse effects of very high intakes
of specific carbohydrates, e.g. gastrointestinal symptoms, was not part of the remit
of this report.

Systematic reviews on cardio-metabolic, colo-rectal and oral health in relation to
carbohydrates and food sources of carbohydrates were commissioned to inform
this report (see Annex 1 for individual systematic reviews). These were based on
literature published through December 2009, November 2010 and January 20T1],
respectively. The search strategy and inclusion and exclusion criteria are described

©
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in the relevant systematic reviews and the cardio-metabolic health protocol in
Annex 1.

Due to the cut-off dates used in the systematic reviews, there was concern
that the evidence base would be incomplete (out of date) when the report was
published. Therefore an updated literature search was performed using the search
terms provided in the individual reviews from January 2010 (cardio-metabolic
health), December 2010 (colo-rectal health review) and February 2011 (oral health
review) up to June 2012. The same inclusion and exclusion criteria as detailed in
the individual reviews were used to identify relevant articles; however, the update
search was not a systematic review. After this cut-off date, additional studies were
considered only if they were thought potentially to impact on, or inform, the
conclusions drawn in this report.

More than two hundred prospective cohort studies and more than four hundred
randomised controlled trials have been considered in this report. For the individual
systematic reviews and the update search see Annex 1. A supplementary review
of carbohydrate intake during pregnancy in relation to birth weight and cardio-
metabolic health outcomes was conducted and is reported in Annex 7.

The evidence was assessed using the SACN framework for the evaluation of
evidence (SACN, 2012) and graded according to the system described in Annex 2.
This system was devised specifically for grading the evidence included in this
report.

Interpretation of studies

With cohort studies there is substantial potential for biases and the possibility of
confounding by factors that correlate with both the exposure and the outcome
(residual confounding) and any associations must be interpreted with caution.
As a range of dietary and lifestyle factors may be associated with the health
outcome considered, it is possible that an indicated association could be due to an
unidentified factor that correlates with the studied factor. The dietary assessment
methods used in cohort studies are potentially subject to measurement error due
to the inability to estimate portion sizes, under- and over-reporting of food items,
and inherent limitations in the quality and completeness of food nutrient databases.
A further issue is that the quality of the dietary assessment varies between studies,
with some studies only making a single assessment before following up a health
outcome many years later. Overall, this can affect the ability of studies to observe
an association as well as affecting the magnitude of an indicated association with a
dietary factor, e.g. under-reporting would diminish any indicated association with
that dietary factor. Another consideration is that the definitions used in cohort
studies to characterise and quantify a specific dietary exposure, e.g. ‘whole grains,,
may vary between studies.

Dietary intake is difficult to measure, and any single method cannot assess dietary
exposure perfectly (Shim et al., 2014). Twenty four hour recalls, dietary history,
and food frequency questionnaires are subjective estimates and there are intrinsic
problems related to self-reporting. Food frequency questionnaires are widely



used as the primary dietary assessment tool in epidemiological studies, although
substantial measurement error may exist. While food frequency questionnaires
are generally validated against other methods of assessment, validity is an issue
of degree rather than a dichotomy and a perfect standard for comparison is
rarely available (Freedman et al., 2007; Willett & Hu, 2007). Considerable efforts
to improve the accuracy and feasibility of large epidemiological studies are
still on going and a combination of subjective estimates with dietary biomarker
measures may provide more accurate estimates of dietary intakes than that of
individual methods. Any errors in dietary assessments generally inflate variance
in a random rather than directional way and (in contrast to confounders) tend
to obscure rather than generate observation of diet-outcome relationships. Thus,
where relationships are observed it is in spite of rather than due to the difficulty
of measuring actual food intakes.

110 The development of dietary biomarkers, which are able to objectively assess
dietary consumption (or exposure) without the bias of self-reported dietary intake
errors would improve dietary intake assessment (Hedrick et al., 2012). Biomarkers of
sugars intake and dietary fibre intake, in particular, are needed to support existing
dietary recommendations. In relation to carbohydrate exposures there are, as yet,
no biomarkers of dietary exposure that are validated, reproducible and able to
detect changes in intake over time that are suitable for the general population.
There are several potential biomarkers of carbohydrate exposure currently being
investigated, such as: 24-hour urinary sucrose (Tasevska et al., 2005; Joosen et al.,
2008; Tasevska et al., 2009; Tasevska et al., 2011); carbon stable isotope biomarkers
of sugar intake from corn and sugar cane (Jahren et al., 2014); and several studies
have examined plasma alkylresorcinol and its metabolite concentrations as a
possible whole grain wheat and rye intake biomarker (Landberg et al., 2008;
Séderholm et al., 2009).

1M A general limitation with randomised controlled trials is that they investigate
markers and risk factors, but not disease outcomes. Consideration of disease
outcomes in relation to carbohydrate intake is, therefore, dependent on
prospective cohort studies. Many of the trials included in this report involve
mixed interventions that modify other dietary components, e.g. the proportion
and type of fat or micronutrient content, and also involve energy restriction goals
that result in weight loss, both of which could potentially affect the outcomes
considered. This limits the conclusions that can be drawn; in particular this applies
to the effect of variation in total carbohydrate intake and glycaemic index and
glycaemic load on cardio-metabolic risk factors. A further limitation of some trials
is that the dietary interventions vary greatly between trials examining a specific
outcome and it is often not possible to consider dose-response effects; this is
especially so with regard to trials varying total carbohydrate intake.

112 Where possible, the dose-response relationships between carbohydrate intakes
and health outcomes has been considered and used to inform the dietary
recommendations.
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2.2

Classification, biochemistry,
absorption, metabolism and
definitions of carbohydrates

Carbohydrates are a major source of energy in the diet and include a range of
compounds all containing carbon, hydrogen and oxygen. They are based on a
common unit with varying linkages and chain lengths. The primary classification
of carbohydrate is based on chemistry, i.e. the character of individual monomers
(e.g monosaccharides), degree of polymerisation? (DP) and type of linkage
(o0 or B°), as recommended at the Food and Agriculture Organization/World
Health Organization Expert Consultation in 1997 (FAO/WHO, 1998). This divides
carbohydrates into three main groups, mono- and di-saccharides (DP 1-2),
oligosaccharides (DP 3—9) and polysaccharides (DP >10) (see Table 2.1).

Table 2.1: Chemical classification of carbohydrates (FAO/WHO, 1998)

Class Sub-group Components

Sugars (DP 1-2) Monosaccharides Glucose, fructose, galactose
Disaccharides Sucrose, lactose, maltose

Polyols (DP 1-2)* Erythritol, xylitol, mannitol, sorbitol

Lactitol, isomalt, maltitol

Oligosaccharides Malto-oligosaccharides Maltodextrins
(DP 3-9)

Non-digestible Raffinose, stachyose, fructo-

oligosaccharides oligosaccharides, verbascose
Polysaccharides Starch Amylose, amylopectin, modified
(DP»9) starches

Non-starch Cellulose, hemicellulose, pectins,

polysaccharides hydrocolloids (gums)

* there are also less common oligo- and poly-saccharide forms.

In 2006, a review commissioned by FAO/WHO on some of the key issues
relating to carbohydrates in human nutrition endorsed the primary classification
recommended by the 1997 Expert Consultation, but acknowledged that a chemical
classification, although providing a practical basis for measurement and labelling,
did not allow a simple translation into nutritional effects (Mann et al., 2007).
Each class of carbohydrate has overlapping physiological properties and effects
on health.

2 The number of monomer units incorporated into polymer chains.

3 The linkages found in disaccharides, oligosaccharides and polysaccharides are classified as o or . These
glycosidic linkages are the bonds between two monosaccharides. The oi-linkages are easily digested by the
human body, but the B-linkages are stronger than a-linkages because they are more stable. Carbohydrates with
B-linkages are not easily digested by the human body, except for lactose, because most humans have an enzyme
which breaks down this disaccharide.
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Carbohydrates can be classified based on their digestion and absorption in the
small intestine rather than their chemical characteristics. Digestible carbohydrates
are absorbed and digested in the small intestine; non-digestible carbohydrates are
resistant to hydrolysis in the small intestine and reach the human large intestine
where they are at least partially fermented by the commensal bacteria present in
the colon. The term ‘dietary fibre’ refers to either some or all of the constituents
of non-digestible carbohydrates and may also include other quantitatively minor
components, e.g. lignin, that are associated with non-digestible carbohydrates in
plant cell walls (see paragraphs 2.29 to 2.36 for a consideration of different dietary
fibre definitions).

Chemical classification

Sugars

The term ‘sugars’ conventionally describes mono- and di-saccharides. Pentoses are
five-carbon sugars that occur in polymeric forms and are collectively known as
pentosans. Xylose and arabinose are the constituents of pentosans present in the
non-starch polysaccharides hemicelluloses and pectin (McNaught, 1997). The three
principal hexoses (six-carbon sugars) are glucose, fructose and galactose, which
are the building blocks of naturally occurring di-, oligo- and poly-saccharides.
The hexose mannose is present in some plant polysaccharides collectively
termed mannans and is present in hemicelluloses. Glucose is widely distributed
in small amounts in fruits, plant juices and honey. Fructose is found in the free
state alongside glucose in ripening fruits and honey. Sucrose is the predominant
disaccharide occurring in the free form and is composed of the monosaccharides
glucose and fructose. Galactose occurs in milk, in chemical combination with
glucose as lactose, while the disaccharide maltose, derived from starch hydrolysis,
comprises two glucose molecules (Cummings & Stephen, 2007).

Polyols

Polyols include hydrogenated mono- and disaccharides (‘sugar alcohols’) used
as sugar replacers, as well as hydrogenated oligo- and polysaccharides, e.g.
hydrogenated starch hydrolysate and polyglycitol, respectively (Livesey, 2003).
They are found naturally in some fruits and are made commercially by using
aldose reductase to convert the aldehyde group of the glucose molecule to the
alcohol (Cummings & Stephen, 2007). There is wide variation in the absorption
of different polyols, ranging from almost complete absorption of erythritol, to
partial absorption of sorbitol and almost complete lack of absorption of lactitol
(Livesey, 2003). The metabolism of erythritol is, however, minimal and being poorly
reabsorbed via the kidneys it is excreted in the urine. There is also a wide range in
the colonic fermentation of polyols ranging from almost complete fermentation
of lactitol, to almost complete lack of fermentation of erythritol (Livesey, 2003).
This variation in availability for energy production leads to estimated caloric values
ranging from almost O to about 3 kcal/g.

©
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Oligosaccharides

Oligosaccharides include maltodextrins, which principally occur from the
hydrolysis of starch and are widely used in the food industry to modify the texture
of food products. Maltodextrins are digested and absorbed in the small intestine.
Oligosaccharides that are not digested and absorbed in the small intestine include
raffinose, stachyose and verbascose, which are three, four and five sugar polymers
respectively. In effect these are sucrose joined to varying numbers of galactose
molecules and are found in a variety of plant seeds e.g. peas, beans and lentils.
Other non-digestible oligosaccharides are inulin and fructo-oligosaccharides.
These have saccharide backbones that are mainly composed of fructose (fructans)
and are the storage carbohydrates in artichokes and chicory; small amounts of
low molecular weight substances are found in wheat, rye, asparagus and members
of the onion, leek and garlic family (Cummings & Stephen, 2007). The DP of inulin
varies from 2-60 sugar units (Roberfroid, 1993).

Human milk contains more than 100 different oligosaccharides of great diversity of
structure that are predominantly galactose containing (Bode, 2006). The principal
oligosaccharide in human milk is lacto-N-tetraose. Total oligosaccharides in
human milk are in the range 5.0-8.0 g/, but only trace amounts are present in
cow’s milk and these differ from those found in human milk (Ward et al., 2006).
Human milk oligosaccharides, among other functions, may serve as substrates for
colonic fermentation (Kunz et al., 1999; Bode, 2006). Small-chain non-digestible
oligosaccharides, abundantly present in the early stage of lactation, are selectively
fermented by specific strains of Bifidobacterium longum biovar, infantis (Ninonuevo
& Lebrilla, 2009).

Polysaccharides

Starch is a high molecular weight polymer of glucose, and is the principal storage
carbohydrate in plants, and the principal carbohydrate in most diets. Starch is
defined as al-4 linked glucan (a polysaccharide of glucose monomers), which
can have straight (amylose) or branched (amylopectin) chains. Amylopectin also
has al-6 glycosidic bonds to branched chains. (Elia & Cummings, 2007). Enzymes
capable of catalysing the hydrolysis of starch (o-amylases) are produced in the
salivary gland and the pancreas.

Non-starch polysaccharides are plant cell wall constituents and comprise all
other polysaccharides in the diet. They are not digested or absorbed in the small
intestine. Non-starch polysaccharides are the most diverse of all the carbohydrate
groups and comprise a mixture of many molecular forms, of which cellulose,
a straight chain B1-4-linked glucan (DP 103-106) is the most widely distributed
(McNaught, 1997).

Other non-starch polysaccharides in common occurrence are the hemicelluloses
and pentosans. Hemicellulose (e.g. arabinoxylan) contains a mixture of hexose and
pentose sugars, often in highly branched chains. Common to all cell walls is pectin,
which is primarily a galacturonic acid polymer, although 10-25% other sugars
such as rhamnose, galactose and arabinose, may also be present as side chains.



B-glucans are a heterogeneous group of non-starch polysaccharides, consisting of
D-glucose monomers linked by B-glycosidic bonds (Cummings & Stephen, 2007).

211 Plant gums and storage polysaccharides, e.g. gum Arabic, karaya (sterculia) and
guar gum, plant mucilages, e.g. psyllium, and algal polysaccharides e.g. agar and
carrageenan are all non-starch polysaccharides primarily found in manufactured
foods, usually at low concentrations, as modifiers of texture or viscosity
(Cummings & Stephen, 2007). Each sub-type comprises a diversity of naturally
occurring and chemically modified molecular structures and weights, resulting in
different properties.

Soluble and insoluble dietary fibre

212 The terms ‘soluble’ and ‘insoluble’” fibre arose out of the early chemistry of
non-starch polysaccharides, which showed that the fractional extraction of
non-starch polysaccharides could be controlled by changing the pH of solutions.
This divides non-starch polysaccharides into those which may have effects on
glucose and lipid absorption from the small intestine (soluble) and those which
are slowly and incompletely fermented in the colon and have more pronounced
effects on bowel habit (insoluble) (Cummings & Stephen, 2007). The separation of
soluble and insoluble fractions is very pH dependent, making the link with specific
physiological properties less certain. Much insoluble fibre is completely fermented
and not all soluble fibre has effects on glucose and lipid absorption; furthermore,
the various forms of fibre exist together mostly in intact plant cell walls.

213 Asthe differentiation is method-dependent, and solubility does not always predict
physiological effects, it has been proposed that the distinction between soluble
and insoluble fibre should be phased out (FAO, 2003). The terms are, however, still
widely used. The soluble fibres include pectin and B-glucans and the insoluble
fibres include cellulose and hemicelluloses.

Digestion and absorption

214 Only glucose and galactose are actively absorbed in the human small intestine via
the sodium dependent transporter (SGLT1). Fructose is not actively absorbed, but
is taken up via a specific facilitative transport pathway (Thorens & Mueckler, 2010).

215 Di-, oligo- and poly-saccharides must be hydrolysed to their component
monosaccharides before being absorbed. Starch occurs in plants in the form of
semi-crystalline granules that must be gelatinized by processing or cooking prior
to digestion. The digestion of solubilised starch polysaccharides begins with
salivary amylase, but this activity is much less important than that of pancreatic
amylase in the small intestine. Amylase hydrolyses starch, with the primary end
products being maltose, maltotriose, and o-dextrins, although some glucose is
also produced. The products of oi-amylase digestion are hydrolysed into their
component monosaccharides by enzymes expressed on the brush border of the
small intestinal cells, the most important of which are maltase, sucrase, isomaltase
and lactase (FAO/WHO, 1998). Carbohydrates containing glycosidic linkages
that are resistant to cleavage by the pancreatic and brush border enzymes, i.e.

®



216

217

218

non-digestible carbohydrates, are not hydrolysed in the small intestine and reach
the human large intestine. There they may be fermented, to some degree, by the
commensal bacteria which contain enzymes capable of hydrolysing the glycosidic
linkages (Hawksworth et al., 1971).

Resistant starch is the sum of starch and products of starch digestion that are not
absorbed in the small bowel (Englyst et al., 1992; Champ et al., 2003). While all
unmodified starch, if solubilised, can be hydrolysed by pancreatic a-amylase, the
rate and extent to which starch is broken down is altered by a number of physical
and chemical properties of food. This has led to the classification of resistant
starch into four types (Englyst et al., 1992):

e Physically inaccessible starch (RS), such as occurs in whole, and partly milled
grains, seeds, and legumes;

* Resistant starch granules (RS,), such as in raw potato, banana, and high amylose
corn;

* Retrograded amylose (RS,), formed in foods such as cooked, cooled potato,
bread, and cornflakes; and

e Chemically modified starch (RS,), which is commercially manufactured.

Metabolism

Carbohydrates are principally substrates for energy metabolism. The human body
is able to capture some of the chemical energy from carbohydrates through
cellular metabolism, resulting in the generation of an intermediary chemical form,
adenosine triphosphate. Hydrolysis of the terminal phosphate bond generates
free energy, which can be used for cellular processes. Adenosine triphosphate
is regenerated from adenosine diphosphate using the energy in food. The brain,
nervous system and red blood cells have an obligatory requirement for glucose as
an energy source.

Following absorption, monosaccharides are transported to the liver and from
there to the systemic circulation. The plasma concentration of insulin increases
immediately after the ingestion of glucose in the form of sugars or digestible
starch. Cellular uptake is via a family of glucose transporters (GLUT), and in some
tissues (adipose tissue, skeletal muscle) is insulin-dependent. Fructose uptake into
tissues is not insulin-dependent. Intracellular glucose is metabolised via glycolysis
following phosphorylation by hexokinase (all cells) and glucokinase (liver only).
Hexokinase and phosphofructokinase catalyse early regulatory steps in glycolysis.
Galactose and mannose are metabolised to glycolytic intermediates (glucose 6
phosphate and fructose 6 phosphate, respectively) and progress through glycolysis
is, therefore, subject to regulation by phosphofructokinase. In the adipose tissue
and muscle, fructose can also be converted to the glycolytic intermediate fructose
6 phosphate, although this is probably not quantitatively very important; fructose
metabolism in the liver is not directly under the regulation of hexokinase and
phosphofructokinase (Feinman & Fine, 2013).



219 The amount of energy yielded by carbohydrates that are digested in the small
intestine varies according to the molecular form e.g. for glucose, sucrose and starch
the available energy content per unit weight is 15.56 kJ (3.72 kcal/g), 16.48 kJ (3.94
kcal/g) and 17.48 k) (4.18 kcal/g), respectively (Elia & Cummings, 2007). Carbohydrate
that is not digested and absorbed in the small intestine may also provide energy, as
fermentation in the colon results in the formation of short-chain fatty acids, some
of which are absorbed into the blood stream and are used as sources of energy. An
available energy content per unit weight has been estimated as 8 kJ/g (19 kcal/g)
for fermentable non-starch polysaccharide, 9 kJ/g (2.2 kcal/g) for resistant starch,
8-9 kJ/g (1.9-2.2 kcal/g) for non-digestible oligosaccharides and 6-10 k)./g (14-2.4
kcal/g) for non-digestible polyols (Elia & Cummings, 2007).

Glycaemic index and glycaemic load

220 Glycaemic index (Gl) and glycaemic load (GL) are two measures of the glycaemic
characteristic of foods. Gl is a relative measure of the capillary blood glucose
response to a specific ingredient, food or portion of a meal, as compared with the
response to a reference food having the same amount of available carbohydrate
(usually 50g). The reference food can be either pure glucose or another, alternative,
carbohydrate food (e.g. white bread). When alternative foods are used as reference
they are calibrated against glucose (Brouns et al., 2005). A food’s GL is the product
of Gl and its available carbohydrate content (Brouns et al., 2005), so taking into
account both the quality of the carbohydrate food and the amount of available
carbohydrate it contains. Gl (thus also GL) is influenced mostly by the types and
structures of carbohydrates present in foods and to lesser extents by the types and
amounts of protein, fat and non-starch polysaccharide present. External influences
on a food’s Gl include milling, cooking, cooling and storage conditions (Brouns et
al., 2005; Venn & Green, 2007). Variation in Gl among foods reflects the variation
in rates of carbohydrate digestion and absorption, as well as effects on variation
in the rates of glucose production and its disposal from the circulation into the
tissues (Schenk et al., 2003; Eelderink et al., 2012a; Eelderink et al., 2012b). A benefit
of lower Gl and GL might be anticipated where a risk/benefit is mediated by post-
prandial glycaemia. The majority of the literature on Gl and GL, however, does
not allow for certainty that the carbohydrate content of an exposure is the sole
influence on the Gl or GL of a diet, nor that a similar Gl or GL for different foods
has the same physiological basis. This limits the confidence in assigning cause-
effect relationships for outcomes based on variation in diet Gl or GL.

Fermentation of sugars in the oral cavity

221 Dental caries is the result of demineralisation of enamel and dentine in the
presence of acid. The pH associated with decay is close to the ‘critical pH for
demineralisation’ of the tissue or about 5.5 for enamel and about 6.0 for dentine. The
acids that induce demineralisation at this level are produced by the fermentation
of dietary sugars (including sugars produced by hydrolysis of starch in the mouth),
particularly sucrose, by acidogenic bacteria from the oral microbiota. Lactose is
fermented more slowly than sucrose (Birkhed et al., 1993). Demineralisation from
bacterially-derived acids (predominantly lactic acid) occurs during virtually every
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meal as naturally occurring sugars are present in many food constituents (see
Figure 2.1). Saliva is, however, a very efficient remineralising solution allowing for
repair of demineralised dentine and enamel. Saliva neutralises and buffers acids,
and is supersaturated for calcium and phosphate enabling repair of demineralised
apatite (a major component of tooth enamel). Tooth decay occurs when the
frequency or extent of demineralisation in any one person’s mouth exceeds the
capacity of saliva to remineralise the tissue (Garcia-Godoy & Hicks, 2008).

In randomised controlled trials where subjects have worn enamel or dentine
blocks contained within intra-oral appliances, the application of sucrose, and to
a lesser extent glucose, fructose, lactose or starch, has been shown to result in
demineralisation (Lingstrom et al., 1994; Cury et al., 2000; Aires et al., 2002; Vale et
al., 2007; Aires et al., 2008). The effects of sucrose were shown to be dependent
of dose (Aires et al., 2006) and the frequency of application, as well as being
militated against by fluoride administration (Duggal et al., 2001; Ccahuana-Vasquez
et al.,, 2007).

Figure 2.1: pH changes in mature dental plaque as bacteria in the biofilm metabolise
sucrose to produce lactic acid
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Definitions used in different dietary recommendations

The classification of carbohydrate components in dietary recommendations
may vary between different authorities. The terms carbohydrate and starch have
distinct chemical definitions that do not differ between different organisations.
There is diversity of opinion regarding the measurement of dietary components
defined on the basis of functionality rather than chemical composition (Englyst
et al., 2007). The classification used to define sugars and dietary fibre in dietary
recommendations varies between different authorities and these differences are
considered below.

Sugars

While the term ‘sugars’ refers to monosaccharides and disaccharides, various terms
are used to define the types of sugars described in dietary recommendations. A
summary of the different definitions for sugars is given in Table 2.2.

In the UK, dietary reference values have been provided for ‘non-milk extrinsic
sugars.. Intrinsic sugars are those naturally incorporated into the cellular structure
of foods; extrinsic sugars are those sugars not contained within the cellular
structure of a food. The extrinsic sugars in milk and milk products (i.e. lactose)
were deemed to be exempt from the classification of sugars in relation to the
dietary reference value (COMA, 1991). Non-milk extrinsic sugars include sugars
added to foods, e.g. sucrose, glucose and fructose, and sugars naturally present in
fruit juices, e.g. glucose and fructose.

The 2002 FAO/WHO Expert Consultation defined the term ‘free sugars’ as all
monosaccharides and disaccharides added to foods by the manufacturer, cook
or consumer, plus sugars naturally present in honey, syrups and fruit juices (WHO,
2003). In 20715, the term was elaborated to ‘free sugars include monosaccharides
and disaccharides added to foods and beverages by the manufacturer, cook or
consumer, and sugars naturally present in honey, syrups, fruit juices and fruit juice
concentrates (WHO, 2015).

In the United States, dietary reference intakes are set for ‘added sugars, which
are defined as sugars and syrups that are added to foods during processing and
preparation. Added sugars do not include naturally occurring sugars such as
lactose in milk or fructose in fruits (Institute of Medicine, 2005).

The European Food Safety Authority (EFSA) defines sugars as total sugars, including
both endogenous (sugars naturally present in foods such as fruit, vegetables,
cereals and lactose in milk products) and added sugars (EFSA, 2009). The term
‘added sugars’ refers to sucrose, fructose, glucose, starch hydrolysates (glucose
syrup, high-fructose syrup, isoglucose) and other isolated sugar preparations used
as such, or added during food preparation and manufacturing.



2.29

2.30

231

Table 2.2: Different definitions used for sugars in dietary recommendations

Term Definition

Non-milk extrinsic sugars* —  Sugars not contained within the cellular structure of a
UK, 1991 food except lactose in milk and milk products.

Free sugars* — WHO, 2015 Free sugars include monosaccharides and disaccharides
added to foods and beverages by the manufacturer, cook
or consumer, and sugars naturally present in honey, syrups,
fruit juices and fruit juice concentrates.

Added sugars — US, 2005  Sugars and syrups that are added to foods during
processing and preparation.

Added sugars — EFSA, Sucrose, fructose, glucose, starch hydrolysates (glucose

2009 syrup, high-fructose syrup) and other isolated sugar
preparations used as such or added during food
preparation and manufacturing.

* The only difference between non-milk extrinsic sugars and free sugars is that non-milk
extrinsic sugars includes 50% of the fruit sugars from stewed, dried or canned fruit (Bates et
al., 2012), but free sugars includes none.

Dietary fibre

Differences in the definition for dietary fibre between dietary recommendations
from different authorities to some extent reflect differences in the analytical
methods used to determine dietary fibre, in conjunction with the degree to
which indigestibility and non-absorbability in the small intestine are considered
to be a satisfactory basis for the definition of dietary fibre. Dietary fibre analytical
methodologies have adopted two general approaches: enzymic—gravimetric
methods and enzymic—chemical methods. A summary of the different definitions
for dietary fibre is given in Table 2.3.

In the UK, dietary fibre has been defined as non-starch polysaccharide, comprising
cellulose and non-cellulose polysaccharides (e.g. pectins, glucans, arabinogalactans,
arabinoxylans, gums and mucilages) (COMA, 1991, COMA, 1994). This is analytically
defined using an enzymic—chemical method (Englyst et al., 1994) and does not
include resistant starches, non-digestible oligosaccharides or lignin.

In 2008, SACN reviewed the available scientific evidence for components under
consideration for inclusion in the Codex definition of dietary fibre for nutrition
labelling purposes (SACN, 2008). The Committee defined dietary fibre as material
that is resistant to digestion and absorption in the small intestine and that has
a demonstrable physiological effect potentially associated with health benefits
in the body, such as increasing stool bulk, decreasing intestinal transit time,
decreasing the lowering of total cholesterol and LDL-cholesterol concentrations.
This includes non-starch polysaccharides. Inclusion of other components in the
definition would require beneficial physiological effects to be demonstrated. The
Committee considered that evidence only of increased fermentation in the gut
should not be included in this definition, since although this has a direct effect on
the microbiota, it would also need to be shown to have a demonstrable benefit to
the host for material to be considered as dietary fibre.



2.32  In the United States ‘total dietary fibre’ is defined as the sum of dietary fibre and
functional fibre (Institute of Medicine, 2005). Dietary fibre is defined as non-
digestible carbohydrates and lignin that are intrinsic and intact in plants. Functional
fibre is defined as isolated, non-digestible carbohydrate components that have
beneficial physiological effects in humans, with a DP of 3 or more, and which may
be isolated or extracted using chemical, enzymatic, or aqueous steps. Excluded are
non-digestible mono- and disaccharides and all polyols, some resistant starch and
non-digestible animal carbohydrates.

233 Total dietary fibre is analytically defined as the material isolated by enzymic—
gravimetric methods approved by the AOAC, generally AOAC Methods 985.29
and 99143 (Prosky et al., 1988; Lee et al., 1992). These AOAC methods determine
non-starch polysaccharides, some resistant starches, lignin and some inulin, but
do not measure most non-digestible oligosaccharides. AOAC methods have
subsequently been developed to measure all resistant starches and low molecular
weight dietary fibres such as non-digestible oligosaccharides and inulin, e.g. AOAC
method 2009.01 (McCleary et al., 2010; McCleary et al., 2012).

234 The 2006 FAO/WHO scientific update on carbohydrates in human nutrition
considered that the term ‘dietary fibre’ should be reserved for the cell wall
polysaccharides of vegetables, fruits and whole grains, the health benefits of
which have been clearly established, rather than synthetic, isolated or purified
oligosaccharides and polysaccharides with diverse, and in some cases unique,
physiological effects (Mann et al., 2007).

235 In 2008, the Codex Committee on Nutrition and Foods for Special Dietary Uses
agreed a definition of dietary fibre, which was agreed by the Codex Alimentarius
Committee in 2009 (Cummings et al., 2009; FAO/WHO, 2010). This defines dietary
fibre as carbohydrate polymers with ten or more monomeric units, which are not
hydrolysed by endogenous enzymes in the small intestine of human beings plus
lignin and/or other compounds when associated with polysaccharides in plant
cell walls. The decision on whether to include carbohydrates from three to nine
monomeric units in the definition of dietary fibre was left to national authorities.

236 In 2010, EFSA established a dietary reference value for dietary fibre and concluded
that dietary fibre should include all non-digestible carbohydrates and lignin
(EFSA, 2010a). This includes non-starch polysaccharides, all resistant starches,
all non-digestible oligosaccharides with three or more monomeric units and
other non-digestible, but quantitatively minor components that are associated
with dietary fibre polysaccharides, especially lignin. As in the Codex definition,
to be defined as dietary fibre, natural carbohydrate polymers obtained from raw
material in food by physical, enzymatic, chemical means, or synthetic polymers,
must have beneficial physiological effects demonstrated by accepted scientific
evidence (EFSA, 2010a). The Codex and European Food Safety Authority dietary
fibre definitions are chemically defined using AOAC method 2009.01 (McCleary et
al., 2010; McCleary et al., 2012).
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Table 2.3: Different definitions used for dietary fibre in dietary recommendations

Term Definition

Non-starch polysaccharides Non-o-glucan polysaccharides: cellulose and non-
— UK, 1991 cellulose polysaccharides (e.g. pectins, glucans,
arabinogalactans, arabinoxylans, gums, and mucilages).

Dietary fibre — WHO, 2006  Intrinsic plant cell wall polysaccharides, i.e. non-starch
polysaccharides

Total dietary fibre — US, Non-digestible carbohydrates and lignin that are

2005 intrinsic and intact in plants, and isolated, non-digestible
carbohydrate components that have beneficial
physiological effects in humans, with a DP of three or
more. It was noted that the methodologies used at that
time chemically defined total dietary fibre as non-
starch polysaccharides, some resistant starches, lignin
and some inulin, but did not include non-digestible
oligosaccharides.

Dietary fibre — Codex, 2008 Carbohydrate polymers with ten or more monomeric
units, which are not hydrolysed by endogenous enzymes
in small intestine of human beings plus lignin and/or
other compounds when associated with polysaccharides
in the plant cell walls. The decision on whether to include
carbohydrates from three to nine monomeric units in the
definition of dietary fibre was left to national authorities.

Dietary fibre — EFSA, 2010  Non-starch polysaccharides, all resistant starches,
all non-digestible oligosaccharides with three or
more monomeric units and other non-digestible, but
quantitatively minor components that are associated with
the dietary fibre polysaccharides, especially lignin.

A comparison of the previous UK dietary reference
values for carbohydrate with dietary recommendations
from other international authorities

A summary of the different dietary carbohydrate recommendations from different
authorities is given in Table 2.4. The UK carbohydrate dietary reference values were
set for adults and children aged five years and older (COMA, 1991, COMA, 1994).
For total carbohydrates a population average of approximately 50% total dietary
energy was recommended (COMA, 1994). This was derived from observations
that diets high in fat, particularly saturated fatty acids, are associated with higher
incidence of cardiovascular disease. The carbohydrate value was set to restore
the energy deficit from reducing dietary fat intake. It was recommended that
starches and intrinsic and milk sugars should provide the balance of total dietary
energy not provided by alcohol, protein fat and non-milk extrinsic sugars, that is,
on average 37% total dietary energy or 39% food energy (excluding alcohol?) for
the population (COMA, 1994).

The dietary reference value for non-milk extrinsic sugars was for a population
average of no more than 10% of total dietary energy or 11% of food energy
(excluding alcohol) (COMA, 1991). This was based on evidence that sugar intake

4 Energy intake from alcohol was assumed to average 5% approximating current intakes at the time and was
factored into the total dietary energy value, but excluded from the food energy value.
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is associated with higher incidence of dental caries. The value was derived
from the observation that dental caries is rare in countries which have a sugar
supply approximately equating to 10% or less of total dietary energy. The dietary
reference value for non-starch polysaccharides was for a population average of
18g/day, with an individual range of 12 g to 24 g/day. This was based on evidence
that non-starch polysaccharide increases faecal weight and the observation that
higher faecal weights were observed in populations with a lower incidence of
bowel disease (COMA, 1991).

Table 2.4: Comparison of dietary carbohydrate recommendations by different authorities

Total carbohydrate Sugars Dietary fibre*

UK, 1991 47% total dietary non-milk extrinsic 18g/day non-starch
energy (50% food sugars no more than  polysaccharide
energy) 10% of total dietary

energy

us, 2005 Recommended daily ~ No limit set for added Adequate intake

allowance 130g/day sugars ** level of 38g/day for
men and 25g/day
for women of ‘total
dietary fibre’

WHO, 2002 Range of 55 to 75% Less than 10% of Greater than 20g/
total dietary energy total dietary energy day non-starch

as free sugars, polysaccharide

with a (proposed) (Englyst et al., 1994) or
conditional greater than 25g/day
recommendation of of ‘total dietary fibre’
less than 5% of total

dietary energy as free

sugars

EU, 2009 Range of 45 to 60% No limit set for added 25g/day of dietary
total dietary energy sugars fibre

* For definitions of dietary fibre see Table 2.2; ** a maximum level of intake of 25% of energy
or less due to decreased intakes of certain micronutrients observed at these consumption
levels was suggested.

Whole grains

A central tenet of dietary recommendations in many countries is to eat a diet rich
in whole grains, fruits and vegetables (Cummings & Stephen, 2007). Whole grains
include whole wheat, whole wheat flour, wheat flakes, bulgar wheat, whole and
rolled oats, oatmeal, oat flakes, brown rice, whole rye and rye flour and whole
barley. A precise definition, however, is needed, and the role of intact versus milled
grains needs to be established (Cummings & Stephen, 2007). An analysis of whole
grains intake of adults in the 1986-7 and 2000-1 NDNS surveys, including foods
with less than 51% whole grains content, estimated median intakes in 1986—7 and
2000-1to be 16g/day (inter quartile range 0—45g/day) and 14g/day (inter quartile
range 0—36g/day), respectively (Thane et al., 2007).
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whole grain flour) used for labelling purposes between countries and within and
outside the EU. In the UK and the USA whole grain foods must contain 51% or
more whole grain ingredients by wet weight, whereas in Sweden and Denmark
the requirement is 50% or more whole grain ingredients on a dry matter basis. In
Germany, whole grain bread must be 90% whole grains (EFSA, 2010b).

An EU research project (The Healthgrain Consortium) developed a single definition
of whole grains for use across Europe and, where possible equivalent to definitions
outside Europe, which aimed to also be in line with definitions outside of Europe,
such as the American Association of Cereal Chemists International definition®
(van der Kamp et al., 2014). A full definition describing the grains included and the
processing aspects was developed and an overall definition of whole grains given
as follows:

e Whole grains shall consist of the intact, ground, cracked or flaked kernel after
the removal of inedible parts such as the hull and husk. The principal anatomical
components — the starchy endosperm, germ and bran — are present in the same
relative proportions as they exist in the intact kernel.

¢ Small losses of components — that is, less than 2% of the grain/10% of the bran
— that occur through processing methods consistent with safety and quality
are allowed.

5 Whole grains consist of the ‘intact, ground, cracked or flaked caryopsis (grain), whose principal components-

the starchy endosperm, germ and bran-are present in the same relative proportions as they exist in the intact
caryopsis’ (American Association of Cereal Chemists International, 1999). To be considered whole grain, a food
may contain intact grains, minimally processed grains, or milled grains from which no component has been
removed during the milling process.
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Dietary sources and intakes of
carbohydrates

Nationally representative data on carbohydrate intakes of the UK population were
drawn from the National Diet and Nutrition Survey (NDNS) rolling programme,
a continuous survey of diet and nutrition in adults and children aged 18 months
upwards. Data presented in this chapter are based on 3450 adults aged 19 years
and over and 3378 children aged 1/2-18 years collected over years 1-4 combined
(200809 to 2011./12) (Bates et al., 2014).

Carbohydrate intake data are also available for infants and young children aged
4-18 months from the 2011 UK Diet and Nutrition Survey of Infants and Young
Children (Lennox et al., 2013). Carbohydrate intakes for the UK low income/
materially deprived population, collected in 2003-2005, are available from the
Low Income Diet and Nutrition Survey (Nelson et al., 2007).

Dietary sources of carbohydrates are presented at a broad category level®, for
example, cereals and cereal products, milk and milk products (Annex 8). The
top twenty contributors are also presented at a more detailed food group level
(Annex 8).

In the NDNS rolling programme, diet was assessed by the participant (or the
parent/carer for children) keeping a diary of all foods and drinks consumed for
four consecutive days, using household measures and other methods to estimate
quantities consumed. The survey was designed to represent all days of the week
equally in the final data; however there is a slight over-representation of Fridays
and weekend days in the dataset compared with other days (Bates et al., 2014).

Dietary surveys are reliant on self-reported measures of intake. Misreporting
of food consumption in dietary surveys, generally under-reporting, is known
to be a problem in the NDNS, as it is in dietary surveys worldwide. A doubly-
labelled water sub-study carried out as part of the NDNS rolling programme
(Bates et al., 2014) found that reported energy intake in adults aged 16-64 years
was, on average, 34% lower than total energy expenditure (TEE) measured by
doubly labelled water. The difference for other age groups was similar except for
children aged 4-10 years where reported energy intake was 12% lower than TEE.
This discrepancy between reported energy intake and TEE is likely to be due to a
combination of underreporting actual dietary consumption, and changing the diet
during the recording period. It is not possible to extrapolate these estimates of
underreporting of energy intake to individual foods or nutrients, nor is it possible
to correct or adjust the intake estimates to take account of under-reporting.

6 ‘Cereals and cereal products, ‘milk and milk products *, ‘eggs and egg dishes’, ‘fat spreads’, ‘meat and meat
products, ‘fish and fish dishes), ‘vegetables and potatoes), ‘savoury snacks’ ‘nuts and seeds), ‘fruit, ‘sugar, preserves
and confectionery’, ‘non-alcoholic beverages’ and ‘alcoholic beverages’ are the broad food categories reported
in the NDNS.

®
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The carbohydrate intakes of the UK population have been tabulated and are
included in Annex 8. Dietary intakes reported in this chapter are compared with
the current dietary reference values (DRVs) set by COMA in 1991. Carbohydrate
intakes are presented as grams/day, as a percentage of total dietary energy intake
(that is including energy from alcohol) and as a percentage of food and drink
energy intake (that is, excluding energy from alcohol).

Total carbohydrate intakes and dietary sources

In the UK, mean intakes of total carbohydrate in adults and children aged 4 years
and over were 200-240g/day, and 150g/day in children aged 1V4- 3 years. Mean
intakes of total carbohydrate as a percentage of total dietary energy were 51-52%
in children and 46% in adults. Mean intakes in children met the DRV and in adults
were close to the DRV (Annex 8).

Cereals and cereal products were the main source of total carbohydrate intake in
all age groups, providing around 45% of intake. Bread was the largest single source
of total carbohydrate. The other food groups that made a substantial contribution
to total carbohydrate intake were potatoes, fruit, drinks (soft and alcoholic), and
table sugar, preserves and confectionery; each providing up to 10% of intake
(Annex 8).

White bread was the top contributor to intake of total carbohydrate in adults and
children aged 4 years and over, providing 10-12% of intake. In children aged 1/5-3
years fruit and milk were the top contributors, each providing about 10% of intake.
Soft drinks provided 10% of total carbohydrate intake in children aged 11-18 years
(Annex 8).

In children aged 4-18 months, mean intakes of total carbohydrate ranged from
93 to 126g/day and contributed 49-52% of total dietary energy intake. The major
contributor to total carbohydrate intake for children aged 4 to 11 months was infant
formula which provided 46% of intake in the youngest children reducing to 28% in
those aged 10-11 months. For children aged 12 to 18 months, the major contributor
to total carbohydrate intake was cereals and cereal products (34%). Commercial
infant foods were also major contributors to total carbohydrate intakes at the
younger end of the age range, and milk and milk products at the older end.

Total and individual sugar intakes and dietary sources

Mean intakes of total sugar were around 95-103g/day in adults and children over
4 years and 76g/day in children aged 18 months to 3 years. This represented about
a fifth of total dietary energy intake in older children and adults, and a quarter in
children under 11 years. About half of total sugar intake was sucrose; mean intakes
were 40-50g/day for adults and children over 4 years. Mean intakes of glucose
and fructose (exclusive of that delivered as sucrose) were 15-18g/day each, lactose
10-13g/day and maltose 5-8g/day. The proportion of total sugar intake from
lactose was slightly higher in children under 3 years (18g/day) due to higher milk
consumption (Annex 8).



312 In adults aged 19-64 years, soft drinks and fruit were the top contributors to total
sugar intakes, each providing 13% of intake, with table sugar providing 9% of intake.
In older adults aged 65 years and over, fruit was the top contributor providing
18% of total sugar intake with table sugar and milk each providing 10%. Soft drinks
were the main contributor to total sugar in children aged 11-18 years, providing 24%
of intake. In the 4-10 year age group, fruit was the top contributor at 14% of total
sugars intake, followed by soft drinks at 11% of intake, milk at 10% and fruit juice at
9%. In the youngest age group, 1/2-3 years, fruit and milk each provided a fifth of
total sugar intake (Annex 8).

313 In children aged 4-18 months, mean intakes of total sugar were 71g/day in the
youngest group reducing to 66g/day in the oldest. Total sugars provided 38% of
energy in the youngest group and 26% in the 12-18 month age group. For children
aged 4 to 11 months the main contributor to total sugar intake was infant formula,
providing over 50% of intake in the youngest age group and 40% in older children.
For children aged 12 to 18 months, milk and milk products were the main source of
total sugars (33%) followed by fruit (19%).

Non-milk extrinsic sugar intakes and dietary sources

314  Mean intakes of non-milk extrinsic sugars (NMES) exceed the DRV (that the
population average intake should not exceed 10% of total dietary energy) in all
age/sex groups. Older adults aged 65 years and over had mean intakes closest to
the DRV (11.2% total dietary energy). The highest mean intakes of NMES were in
children aged 4-10 years and 11-18 years (14.7% and 15.4% of total dietary energy
respectively). Intakes at the 975" percentile provided 25-30% of total dietary
energy intake (Annex 8).

315 The main contributors to NMES intake differed for adults and children. For older
children aged 11-18 years, soft drinks were the largest single source of NMES providing
30% of intake, with a further 10% of intake from fruit juice. In younger children aged
4-10 years soft drinks provided 16% of NMES intake and fruit juice 13%. Cereals and
cereal products provided about a quarter (22-29%) of NMES intake in children,
mainly from sugars added to biscuits, buns, cakes, pastries and breakfast cereals.
Table sugar, preserves and confectionery provided a fifth of intake. In adults aged
19-64 years, soft and alcoholic drinks and fruit juice combined provided a third of
intake, table sugar, preserves and confectionery provided a quarter of intake (table
sugar the largest source) and cereals and cereal products provided a fifth of intake.
In older adults aged 65 years and over, the contribution from cereals and cereal
products was higher and that from drinks was lower (Annex 8).

316 In children aged 4-18 months, mean intakes of NMES were 4.3% of energy intake in
the youngest group and 7.7% in the 12-18 month age group. The main contributor to
NMES intake for children aged 4-6 months and 7-9 months was commercial infant
foods, which provided 44% of intake in children aged 4-6 months. Milk and milk
products provided a fifth of NMES intake in this age group (from sugars added to
yogurts, dairy desserts and ice-cream). For children aged 10 to 18 months, milk and
milk products was the single largest contributor to NMES intake.

®
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Intrinsic and milk sugars intakes and dietary sources

Mean intakes of intrinsic and milk sugars were 30-43g/day across the age groups,
providing 6-10% of total dietary energy intake in adults and children aged 4 years
upwards and 13% in children aged 1/2-3 years. The main sources of intrinsic and milk
sugars were milk and fruit (Annex 8).

In children aged 4-18 months, mean intakes of intrinsic and milk sugars were 34%
of energy intake in 4-6 month olds, and 18% in 12-18 month olds. Infant formula
was the largest contributor to intake of intrinsic and milk sugars intake for children
aged 4-11 months. The second largest contributors were breast milk for those aged
4-6 months and 7-9 months and fruit for those aged 10-11 months. For the 12-18
month age group, the largest contributor was milk and milk products followed by
fruit.

Starch intakes and dietary sources

Mean starch intakes were 110-135g/day in adults and children over 4 years, and
76g/day in younger children aged 1V2-3 years. This represented 25-29% of total
dietary energy (Annex 8).

White bread was the top contributor to starch intake in all age groups, providing
around a fifth of intake in adults and children aged 4 years and over, and 16% in
children aged 1/4-3 years. Chips, fried and roast potatoes and potato products
was the second largest contributor in children from 4 years and adults aged 19-64
years. Boiled, mashed and baked potatoes was the second largest contributor in
older adults and high fibre breakfast cereals was the second largest contributor in
children aged 1/2-3 years. Pasta and pasta-based dishes provided 6-8% of starch
intake in children and adults aged 19-64 years (Annex 8).

In children aged 4-18 months, mean starch intakes were 22g/day in the youngest
group (1% of energy), increasing to 60g/day in the 12-18 month group (23% of
energy). For children aged 4-6 months, the main contributor to starch intake was
commercial infant foods. For children aged 7-9 months, the main contributors
were commercial infant foods and cereals and cereal products. For children aged
10-11 months and 12-18 months, the main source of starch was cereals and cereal
products.

Intrinsic and milk sugars and starch intakes

The DRV for intrinsic and milk sugars and starch combined is 37% of total dietary
energy (including energy from alcohol) as a population average. The mean intakes
for intrinsic and milk sugars and starch were 34-35% of total dietary energy in adults
and children aged 11 years and over and 37-39% in younger children (Annex 8).

Non-starch polysaccharides intakes and dietary sources

In adults, mean intakes of non-starch polysaccharides were 14g/day, well below
the population average DRV for adults of 18g/day, but above the individual
minimum of 12g/day. Intakes at the 97.5"" percentile were 25-26g/day. Mean intakes
for children were lower at 11-12g/day (8g/day in children under 4 years) (Annex 8).



3.24 At a broad food category level, the main sources of non-starch polysaccharides
were cereals and cereal products, which provided about 40% of intake across age
groups, and vegetables and potatoes (a quarter to a third of intake) (Annex 8).

325 Vegetables and vegetable-based dishes was the single largest contributor to non-
starch polysaccharides intake in all age groups, providing just under a fifth of intake
in children and a quarter in adults. Fruit was the second largest contributor in
all age groups except 11-18 years providing 13-17% of intake in children under ten
years and 10-14% in adults. In the 11-18 year age group, white bread and chips and
fried potatoes were the second largest sources each providing about 10% of intake
(Annex 8).

326 In the 4-18 month age group, mean non-starch polysaccharide intakes were 4-7
grams per day. The main contributors to non-starch polysaccharide intake for
children aged 4 to 11 months were commercial infant foods and infant formula. For
children aged 12-18 months, the main contributor to non-starch polysaccharides
intake was cereals and cereal products followed by vegetables and potatoes.

Consumption of selected carbohydrate-containing foods

3.27 Tables 313 to 315 in Annex 8 present consumption of selected carbohydrate-
containing foods, based on data from NDNS. Consumption data are presented as
population averages (including participants who did not consume the food over
the four day diary) and as averages for consumers only (excluding non-consumers)
with the percentage who consumed over four days.

3.28 Consumption of sugary soft drinks was highest in the 11-18 year age group. Population
mean consumption of sugary soft drinks in boys aged 11-18 years was 310g/day,
80% of boys in this age group consumed sugary soft drinks over the four day
period. For girls in the same age group, 75% consumed sugary soft drinks over the
four days and mean population consumption was 210g/day. Mean consumption in
the 4-10 year ago group was lower at 128g/day with 69% consumers over four days.

329 Mean consumption of fruit juice was highest in children aged 4-10 years, 93g/day
with 62% consumers over 4 days, followed by children aged 11-18 years, 83g/day
with 49% consumers over 4 days. Mean consumption in other age groups was
50-60g/day with 40-50% consumers over four days.

330 White bread was the most commonly consumed food type and eaten in the
greatest quantities in all age groups. Mean consumption of all bread was 80-90g/
day in adults and older children.

331  Mean consumption of breakfast cereals was 22-28g/day across the age groups
except in older adults aged 65 years and over for whom it was higher at 47g/day.
Consumption of high fibre breakfast cereals was higher than that of other breakfast
cereals in all age groups except for children aged 11-18 years.

332 Mean consumption of potatoes was about 90g/day for adults and older children.
Children aged 11-18 years consumed 54g/day of chips and fried potatoes and
33g/day of boiled, mashed and baked potatoes.
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Children aged 4-18 years consumed 18-19 g/day of sugar and chocolate
confectionery. Adults consumed 11-14g/day of table sugar, preserves and sweet
spreads (mainly as table sugar).

Socio-economic differences in carbohydrate intakes

Analysis by equivalised household income in NDNS showed that for adults aged
19-64 years the lowest income quintile for both men and women consumed a
higher percentage of energy from total carbohydrate than did the highest quintile.
No clear pattern was seen in other age groups.

Overall, mean intakes of NMES for adults tended to be higher in the lowest income
quintile compared with the highest. For example in women aged 19-64 years mean
NMES intake was significantly higher in the lowest quintile (12.7% total dietary
energy) compared with the highest (10.0%). This pattern was not seen in children
and in boys 4-10 years the lowest quintile had significantly lower % energy from
NMES than did the highest.

There is a clear income gradient in non-starch polysaccharide intake with the NDNS
showing lower intakes in the lowest income quintile compared to the highest
in most age groups. This partly reflects lower fruit and vegetable consumption
in lower income groups. For example in women 19-64 years, latest NDNS data
show a significantly lower non-starch polysaccharide intake in the lowest quintile
(M.8g/day) compared with the highest quintile (13.7g/day). However mean intakes
were below the DRV in all income quintiles.

Evidence from other surveys confirm the socio-economic gradient. The Family
Food Survey, based on household food purchases, found that the proportion of
energy coming from NMES in the household diet was higher in the lowest income
quintile compared with the highest while the non-starch polysaccharide content
of food purchased by households in the lowest income quintile was lower than
that of the food purchased by households in the highest quintile.

The UK Low income diet and nutrition survey carried out in 2003-2005 found that
intakes of carbohydrates were generally similar to those in the general population
although where intakes failed to meet DRVs this tended to be more marked in the
low income/materially deprived population. Mean intakes of total carbohydrate
were similar to intakes in the current NDNS (2008-2012) but mean intakes of non-
milk extrinsic sugars as a percentage of energy were higher than the current NDNS
and also higher than in previous NDNS carried out in the 1990s while mean intakes
of non-starch polysaccharides were lower than current and previous intakes in
NDNS.

Summary

UK NDNS data show that mean intakes of total carbohydrate meet or are close
to meeting recommendations in all age groups while intake of NMES exceeded
recommendations in all age groups and were particularly high in children. Soft
drinks provided almost a third of the intake of non-milk extrinsic sugars in children
aged 11-18 years. Biscuits, buns, cakes, and puddings, confectionery and fruit juice
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were also significant contributors. Non-starch polysaccharide intakes were below
recommended levels for adults. There is evidence from NDNS and other surveys
of a socio-economic gradient in intakes of both sugar and fibre, with higher intakes
of NMES as a percentage of energy for adults and lower intakes of non-starch
polysaccharide for both adults and children in the lower income groups.

Intake data for non-digestible oligosaccharides and resistant starches are not
available from the UK NDNS. A consideration of other dietary surveys in the UK
and other countries that do provide estimates of non-digestible oligosaccharides
and resistant starches intakes is given in Chapter 9.
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Background on health outcomes
(disease prevention)

The relationships between dietary carbohydrate intake and cardio-metabolic,
colo-rectal and oral health outcomes have been considered in this report.
Evidence has been evaluated to assess whether intakes of specific carbohydrates
are a factor in the risk for cardiovascular disease, obesity, type 2 diabetes mellitus,
and colo-rectal cancers. The relationship between dietary carbohydrate intake
and risk factors and markers related to these diseases has also been considered.
Table 411 lists the risk factors and measures with the references substantiating their
use for a given disease or function.

Cardiovascular disease

Cardiovascular disease is a major cause of disability and premature death
throughout the world, and contributes substantially to the escalating costs of
health care. Coronary heart disease is the UK’s single biggest killer and is responsible
for almost 74,000 deaths each year, while stroke causes more than 41,000 deaths
in the UK each year (British Heart Foundation, 2014). The underlying pathology is
atherosclerosis, which develops over many years and is usually advanced by the
time symptoms occur, generally in middle age (WHO, 2007a).

The rate of progression of atherosclerosis is influenced by cardiovascular risk
factors: poor diet and physical inactivity (which together increase the risk of
obesity), tobacco use, elevated blood pressure (hypertension), abnormal blood
lipids (dyslipidaemia) and elevated blood glucose (diabetes) (see the blood
pressure, fasting blood lipid concentration, coronary and vascular factors,
inflammatory markers and type 2 diabetes mellitus related risk factors sections in
Table 4.1). Continuing exposure to these risk factors leads to further progression of
atherosclerosis, resulting in unstable atherosclerotic plaques, narrowing of blood
vessels and obstruction of blood flow to vital organs, such as the heart and the
brain. The clinical manifestations of these diseases include angina, myocardial
infarction, transient cerebral ischaemic attacks and strokes (WHO, 2007a).

Obesity

The prevalence of obesity (BMI 30 kg/m? or over) in the UK is high; for example
in England there was an increase in obesity from 13.2% of men in 1993 to 24.4% in
2012 and from 16.4% of women in 1993 to 251% in 2012 (Health and Social Care
Information Centre, 2013a). Obesity is associated with a range of health problems
including type 2 diabetes mellitus, cardiovascular diseases and cancer (see the
body weight and body composition section in Table 4.1). Type 2 diabetes and other
metabolic diseases can also occur in non-obese individuals.
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Obesity occurs when energy intake from food and drink consumption is greater
than energy expenditure through the body’s metabolism and physical activity
over a prolonged period, resulting in the accumulation of excess body fat. There
are, however, many complex behavioural and societal factors that combine to
contribute to the causes of obesity, e.g. people’s latent biological susceptibility
interacting with a changing environment that includes more sedentary lifestyles
and increased dietary abundance (Foresight, 2007). Dietary factors affecting energy
intake and eating motivation are important factors in the aetiology of obesity
(Blundell et al., 2010).

Type 2 diabetes mellitus

In 2013, 6% of the UK population, over 3.2 million people, were identified as having
diabetes, of which 90% had type 2 diabetes mellitus (Diabetes UK, 2014). Plasma
glucose concentration is used to diagnose diabetes (WHO, 2006). A considerable
body of research has indicated that diabetes is a strong independent risk factor for
cardiovascular disease (Sarwar et al., 2010). Often, cardiovascular disease and type
2 diabetes mellitus exist together as they share common modifiable risk factors
such as obesity, and in particular elevated central adiposity. Of all serious diseases,
type 2 diabetes has the strongest association with obesity, and body weight control
is a key factor in the prevention of progression from impaired glycaemic control
to type 2 diabetes mellitus (American Diabetes Association and National Institute
of Diabetes Digestive and Kidney Diseases, 2002; Pi-Sunyer, 2007). (See the type
2 diabetes mellitus related risk factors and body weight and body composition
sections in Table 4.1).

Diet and lifestyle management are of upmost importance in reducing the
incidence of type 2 diabetes mellitus (Diabetes UK, 2013). It is important to identify
which dietary aspects improve glycaemia, insulinaemia and insulin resistance in
individuals with normal or moderately compromised glycaemic control to further
elucidate the role of diet in the prevention of type 2 diabetes mellitus.

Colo-rectal health

Colo-rectal cancer is the third most common cancer in men and women in the UK,
surpassed only by lung and breast cancers in women and lung and prostate cancers
in men (Cancer Research UK, 2014b). While a small proportion (<5%) of colo-
rectal cancers are attributable to familial cancer syndromes, familial adenomatous
polyposis and hereditary non-polyposis colo-rectal cancer, the majority appear
to arise sporadically. There is strong epidemiological evidence for environmental
factors in the development of sporadic colo-rectal cancer.

A large body of evidence indicates that adenomatous polyps are the precursor for
most colo-rectal cancers (Kinzler & Vogelstein, 1996; Leslie et al., 2002), but only
a small proportion of adenomas progress to invasive cancer (Schatzkin & Gail,
2002). There are, however, no other validated risk factors for colo-rectal cancer,
and the evidence for faecal parameters in relation to colo-rectal cancer is putative
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at best (see the colo-rectal cancer risk factor and colo-rectal function sections in
Table 41).

The parameters faecal weight, moisture content and intestinal transit time are
quantifiable aspects of colo-rectal function used as measures of laxation. They
have, to a limited extent, been associated with different diseases, but these
relationships are, as yet, not well defined (Cummings et al., 1992; Lewis & Heaton,
1999). There is no single accepted definition of what constitutes normal laxation
(Weaver, 1988). EFSA has suggested that an intestinal transit time of about two to
three days, a defecation frequency of once a day and a faecal moisture of >70%,
with a faecal weight of about 150g/day, may be considered adequate for normal
laxation in adults and that this requires an intake of about 25g/day dietary fibre
(EFSA, 20103) (for EFSAs definition of fibre see Chapter 2).

Differences in faecal microbiota, short chain fatty acid content and pH have been
associated with different diseases, but these relationships are, as yet, not well
defined (Bjorkstén et al., 2001; Kalliomaki et al., 200T; Penders et al., 2007; Takaishi
et al, 2008; Kalliomaki et al.,, 2008; Packey & Sartor, 2009; Schwiertz et al., 2010).
In infants, comparisons between breast feeding and breast milk substitute feeding
have shown differences in these faecal parameters, where breast milk fed infant
faecal microbiota and short chain fatty acid content and pH are defined as optimal
or normal (Ogawa et al., 1992; Penders et al., 2006). In children and adults it is not
possible to define optimal or normal faecal microbiota and short chain fatty acid
content and pH, but they can act as indices for effects on colonic fermentation.

The human intestinal microbiota is a complex ecosystem, consisting of several
hundred different bacterial species, and Bifidobacterium spp. is just one factor in
the infant intestinal microbiota. In the first year of life, the infant intestinal tract
progresses from sterility to extremely dense colonization, ending with a mixture
of microbes that is broadly very similar to that found in the adult intestine. Being
breast fed, mode of birth, perinatal antibiotics and country of birth are major
factors influencing the composition of the infant intestinal microbiota (Fallani et
al., 2010). The composition of oligosaccharides in human milk is very complex, with
great diversity of structure, and does not contain the non-milk oligosaccharides
fructo-oligosaccharide and galacto-oligosaccharide (Boehm & Stahl, 2007).

Constipation is defecation that is unsatisfactory because of infrequent stools,
difficult stool passage, or seemingly incomplete defecation. Faeces are often
dry and hard, and may be abnormally large or abnormally small. Functional
constipation is chronic constipation without a known cause. Constipation is more
common in women, the elderly, and during pregnancy (Higgins & Johanson, 2004;
Cullen & O'Donoghue, 2007). Reported prevalence rates vary widely, at least partly
because criteria for diagnosis vary.

Constipation was traditionally defined as less than three bowel movements per
week (Connell et al., 1965). Subsequent evidence has suggested effort to defecate,
and stool consistency, or form, to be more important in defining constipation
(Spiller & Thompson, 2010). While hard stools correlate well with slow transit, and



loose stools with fast transit through the colon, difficulty with defecation and
stool frequency do not, as they are determined by factors other than colon transit
time (Spiller & Thompson, 2010).

Oral health

415 Humans have two dentitions, the deciduous (colloquially known as ‘milk teeth’)
and the permanent. Deciduous teeth begin to erupt during the first year of life;
the 20 teeth of the deciduous dentition are normally all present by the age of
four years. These are progressively shed between the ages of 6 and 12 years,
during the ‘mixed dentition” phase. Each deciduous tooth is normally replaced by
a permanent tooth during this time and as a consequence some deciduous and
some permanent teeth are present in the mouth at the same time. In addition to
the replacement of the 20 deciduous teeth, three pairs of permanent molar teeth
erupt behind the rearmost tooth of the deciduous dentition in both the upper
and lower jaws as they grow. The permanent dentition has 32 teeth in total; 16
in each of the lower and upper jaws, including the three molar teeth that erupt
behind the deciduous dentition, and 20 teeth (premolars, canines and incisors)
that directly replace the deciduous teeth during the ‘mixed dentition” phase.
Dental development and eruption is complete by around the age of 21 when the
third molar teeth (colloquially known as ‘wisdom teeth’ have erupted. However
the third molars often fail to develop or do not erupt into the mouth so many
people have fewer than a full compliment of teeth.

416 The major disease processes that affect oral health are dental caries, periodontal
disease, tooth wear and oral cancer. Sugars in the diet exert an effect after eruption
when the teeth are exposed to the oral environment.

417  Oral health has improved among adults in the UK since the first Adult Dental
Health Survey in 1968. However, there are many people whose oral health is poor
and variations with social class are marked (Steele & O’ Sullivan, 2011). In 2009,
just under a third of adults (31%) had obvious dental caries, with more men having
dental caries than women (34% compared to 28%). Adults from routine and manual
occupation households’ are more likely to have dental decay than those from
managerial and professional occupational households (37% compared with 26%).
Despite marked improvements in tooth retention over the past 40 years, pervasive
inequalities in tooth loss by social class remain among British adults. In the whole
adult population fewer people have no natural teeth or limited dentition now
than previously; however the burden of edentulism is much greater in individuals
from poorer social backgrounds (Bernabe & Sheiham, 2014).

418 InT5-year old children, 13% had obvious dental caries in permanent teeth in 2003
(Pitts et al., 2006). In 2012 almost a third (27.9%) of 5-year olds in England had tooth
decay (Public Health England, 2013). As in adults, the prevalence of dental decay
among children is associated with social factors. Children from more deprived

7 The National Statistics Socio-economic Classification (NS-SEC) (routine and manual, intermediate, and
managerial and professional occupations) replace Social Class based on Occupation (SC, formerly Registrar
General's Social Class) and Socio-economic Groups (SEG).

®



backgrounds or from lower social status groups being substantially more likely to
have decay in most age groups, with the differences being most clear cut among
younger children (Public Health England, 2013). Extraction of carious teeth is the
most common cause for hospital admission for young children in the UK (Elmer
et al, 2014).

Markers and measures and their related health outcomes

Table 4.1: Risk factors and measures for cardio-metabolic and colo-rectal health

Risk factors and measures considered Related References
outcomes

Blood pressure: cardiovascular MacMahon et al.,

Blood pressure diseases and 1990; Whelton,

renal impairment  1994; Lewington
et al., 2002; Bidani
& Griffin, 2002;
Shammas, 2007

Systolic blood pressure
Diastolic blood pressure

Fasting blood lipid concentrations: cardiovascular Gordon & Rifkind,
Total cholesterol diseases 1989; Rader et al.,
HDL-cholesterol 2003; Lewington et
LDL-cholesterol al, 2007, Shammas,
LDL-cholesterol: HDL-cholesterol 2007.; Brainin

& Heiss, 2009;
Total cholesterol: HDL-cholesterol Goldberg et al., 20T
Non-HDL-cholesterol Miller et al.,, 201
Triacylglycerol
Non esterified fatty acids
Apolipoproteins (Al & B)
Lipoprotein (a)
Coronary & vascular factors: cardiovascular Wilson et al., 2007;
Coronary calcification diseases Kelm, 2002; Witte et

Aortic calcification al., 2005; Mattace-
Raso et al., 2006;

Carotid plaque fo.rmatlon Yeboah et al.,, 2007:
Pulse wave velocity Finn et al,, 2010;
Flow mediated dilatation Janner et al., 2012
Vascular compliance

Arterial compliance

Inflammatory markers: cardiovascular Ross, 1999; Libby

Acute phase protein (including CRP, serum diseases and et al., 2002; Kolb &

amyloid A) type 2 diabetes ~ Mandrup-Poulsen,

Cytokines (including IL-6, tumour necrosis mellitus 2005; Basu et al,,

factor-o) 2006; Wang et al.,
2013

Adhesion molecules

Clotting cascade (including clotting
associated factor PAI-1, fibrinogen, factor Vi)




Risk factors and measures considered

Related
outcomes

References

Body weight & body composition:

Body weight

BMI

Fat distribution

Fat free mass

Total body fat

Body fatness

Waist circumference
Hip circumference
Waist to hip ratio

hypertension,
cardiovascular
disease, type

2 diabetes
mellitus, various
cancers and
dyslipidaemias

World Cancer
Research Fund &
American Institute
for Cancer Research,
2007; WHO, 2007b;
Klop et al., 2013

Energy intake & eating motivation

overweight/
obesity

Blundell JE et al.,
2008; Hetherington
etal, 2013

Type 2 diabetes mellitus related risk factors:

type 2 diabetes

Barr et al., 2007;

Glycaemia mellitus and Shammas, 2007;

Insulinaemia cardiovascular Brainin & Heiss,

Insulin resistance disease 2009; Sarwar et al.,

Glycosylated blood proteins 2010; WHO, 201

Colo-rectal cancer risk factors: colo-rectal Kinzler & Vogelstein,

Colo-rectal adenomas cancer 1996; Leslie et GI.,
2002; World Cancer
Research Fund &
American Institute
for Cancer Research,
2007

Colo-rectal function: colo-rectal Weaver, 1988;

Faecal weight function Cummings et al.,

Intestinal transit time
Faecal moisture
Faecal microbiota
Faecal pH

Faecal short chain fatty acid content

1992; Ogawa et

al., 1992; Lewis

& Heaton, 1999;
Bjorkstén et al.,
2007; Kalliomaki et
al., 20071; Takaishi
et al., 2008; Packey
& Sartor, 2009;
Schwiertz et al.,
2010
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5.6

Total carbohydrates

This assessment is based on prospective cohort studies and randomised controlled
trials investigating the relationship between total carbohydrate intake and cardio-
metabolic, colo-rectal and oral health outcomes. Links to the individual systematic
reviews and update search are given in Annex 1.

Evidence on health/disease outcomes has been discussed in detail only where
there are sufficient data for a conclusion to be drawn from studies meeting the
pre-agreed inclusion criteria. Outcomes where there are too few studies to reach
a conclusion are listed at the end of the chapter (see Tables 51 and 5.2). Outcomes
where the evidence was considered too inconsistent to make a valid judgement
are also listed at the end of the chapter (see Tables 5.3 and 5.4).

Prospective cohort studies included in this chapter either provide data on total
carbohydrate intake, as g/day or % energy, or on dietary patterns. For dietary
patterns, a low-carbohydrate-diet score based on the percentage of energy
from carbohydrate, fat and/or protein in the diet has been constructed: the
higher the score, the more closely the participant followed a low carbohydrate
diet. Alternatively, cohort studies have used substitution models to observe the
outcome of replacing fat with total carbohydrate or lower, medium or higher
glycaemic index carbohydrates.

For the prospective cohort study meta-analyses the relative risks for total
carbohydrate intake are presented for either each 8% energy or each 70g/day
increase, both equivalent to approximately one standard deviation in adult
carbohydrate intake, as based on UK data from the National Diet and Nutrition
Survey (Bates et al., 2009).

The randomised controlled trials considered in this section involve manipulating
the macronutrient composition of the diet so that subjects consume differing
proportions of total carbohydrate. Where there are only a few studies, the
evidence has been considered under a heading of higher carbohydrate diets.
If there are enough trials, these have been grouped into three main categories
according to whether the dominant dietary change was in total carbohydrate
and fat, total carbohydrate and protein or whether the changes involved all
three macronutrients. The mean macronutrient intakes values from NDNS were
used to determine whether intakes in the trials were high, average or low. For
inclusion in a meta-analysis, a 5% difference in energy from total carbohydrate and
a 2% difference in fat and/or protein are considered as being meaningful. Where
possible, actual consumption is used rather than the intended diet.

Nearly all trials are conducted in overweight or obese individuals and the diets
involve energy restriction goals and most trials result in weight loss. Consideration
has been given to whether an effect indicated on the studied parameters could be
due to greater weight loss in one of the experimental groups. This is particularly
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important in trials assessing effects on cardio-metabolic risk markers, as weight
loss and gain influence fasting insulin levels and insulin sensitivity (Weyer et al.,,
2000), blood pressure (Truesdale et al., 2008) and fasting blood lipids (Poobalan
et al., 2004).

Nearly all the trials presenting evidence on diets differing in the proportion of
carbohydrate to fat or fat and protein result in a reduction of saturated fatty acid
intake in the higher carbohydrate group, as well as affecting the proportion of total
fat in the diet. As variation in fat and fatty acid intake affects fasting blood lipid
concentrations (Mensink et al., 2003) consideration has been given to whether an
effect indicated on the studied parameters could be due to greater fat or saturated
fatty acid intake in one of the experimental groups. The degree by which saturated
fatty acid intakes are affected differs greatly between trials. For example in some
trials saturated fatty acids are reduced and replaced with carbohydrate, whereas in
others unsaturated fatty acids are replaced with carbohydrate, leading to different
effects.

Adults

Cardiovascular disease events

Four cohort studies were identified that presented evidence on total carbohydrate
intake as % energy in relation to incident cardiovascular disease events (Farchi et
al., 1995; Esrey et al., 1996; Liu et al.,, 2000c; Oh et al., 2005), three of which were
included in a meta-analysis. One cohort study could not be included in the meta-
analysis and indicated no significant association between carbohydrate intake as %
energy and incident cardiovascular disease events (Farchi et al., 1995). Two cohort
studies were identified in the update search (Nilsson et al., 2012; Wallstrom et al.,
2012) (Cardio-metabolic review, cardiovascular disease chapter; Update search).

No significant association is indicated between carbohydrate intake as % energy
and incidence of stroke and coronary events combined (RR 1.00, 95% ClI 0.89,
112, for each 8% energy increase; p=0.97). The meta-analysis combines different
cardiovascular events including both ischaemic and haemorrhagic strokes. These
events have different aetiologies and associated risks. The two cohort studies
identified in the update search indicate no significant association between
carbohydrate intake as % energy and incidence of stroke and coronary events.

Four cohort studies were identified that presented evidence on total carbohydrate
intake as g/day and incident cardiovascular disease events (Fehily et al., 1993; Esrey
et al., 1996; Beulens et al., 2007; Drogan et al., 2007). Three cohort studies could
not be included in a meta-analysis, which left an insufficient number of studies to
provide a meta-analysis. No further studies were identified in the update search
(Cardio-metabolic review, cardiovascular disease chapter).

No significant association is observed in any of the studies between total
carbohydrate intake as g/day and cardiovascular disease events.
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Total carbohydrate (g/day or % energy) and cardiovascular disease events

® No association
* Moderate evidence

Coronary events

Three cohort studies were identified that presented evidence on total carbohydrate
intake as % energy and incidence of coronary events (Farchi et al., 1995; Esrey et
al., 1996; Liu et al., 2000c). One cohort study could not be included in a meta-
analysis (Farchi et al., 1995), which left an insufficient number of studies to provide
a meta-analysis. No further cohort studies were identified in the update search
(Cardio-metabolic review, cardiovascular disease chapter).

There is no consistent direction of association in these studies and overall they
indicate no significant association between total carbohydrate intake as % energy
and incidence of coronary heart disease.

Three cohort studies were identified that presented evidence on total carbohydrate
intake as g/day and incidence of coronary events (Fehily et al., 1993; Esrey et al,
1996; Beulens et al., 2007). Two cohort studies could not be included in a meta-
analysis, which left an insufficient number of studies to provide a meta-analysis.
Two cohort studies were identified in the update search (Sieri et al., 2010; Burger et
al., 2011) (Cardio-metabolic review, cardiovascular disease chapter; Update search).

The three cohort studies identified in the original review indicate no significant
association between carbohydrate intake as g/day and incidence of coronary
events. Of the two cohort studies identified in the update search, one indicates
higher carbohydrate intake as g/day is associated with a higher incidence of
coronary events in men, but not in women (Burger et al., 2011). The other study
indicates higher incidence of coronary events in women, but not men, is associated
with higher carbohydrate intake as g/day (Sieri et al., 2010).

Total carbohydrate (g/day or % energy) and coronary events

e No association
e Limited evidence

Stroke

One cohort study was identified that presented evidence on total carbohydrate
intake as % energy and incident stroke events (Oh et al.,, 2005). One cohort study
was identified in the update search (Wallstrom et al., 2012) (Cardio-metabolic
review, cardiovascular disease chapter; Update search).

No significant association is indicated between total carbohydrate intake as %
energy and incident stroke events in either study.



518 Two cohort studies were identified in the update search that presented evidence
on total carbohydrate intake as g/day and incidence of stroke (Oba et al., 2010a;
Burger et al., 201) (Update search).

519 No significant association is indicated between total carbohydrate intake as
g/ day and incident stroke events in either study. There is inadequate evidence
to distinguish the impact of total carbohydrate consumption on ischaemic or
haemorrhagic stroke separately.

Total carbohydrate (g/day or % energy) and stroke

® No association
e Limited evidence

Vascular function

520 Three randomised controlled trials were identified that presented evidence on
diets differing in the proportion of carbohydrate in relation to flow mediated
dilatation, all of which were included in a meta-analysis (Keogh et al., 2007; Keogh
et al., 2008; Phillips et al., 2008). One trial was identified in the update search
(Wycherley et al., 2010) (Cardio-metabolic review, vascular function chapter;
Update search).

521 No significant effect is demonstrated for diets differing in the proportion of
carbohydrate in relation to flow mediated dilatation (0.68% difference between
groups, 95% Cl -0.47, 1.83; p=0.25). The trial identified in the update search reports
a decrease in flow mediated dilatation in the lower carbohydrate group compared
with the lower fat (higher carbohydrate) group. All trials employ energy restricted
weight loss diets with wide ranges of both carbohydrate (between 5% and 60%
energy) and fat intakes (between 18% and 37% energy) between groups.

Higher carbohydrate diets and vascular function

® No effect
e Limited evidence

Blood pressure

5.22  Thirty one randomised controlled trials were identified that presented evidence
on diets differing in the proportion of carbohydrate in relation to blood pressure.
Five trials were not included in any of the meta-analyses: one trial (Tinker et al,,
2008) duplicated the results of the study by Howard et al., (2006); three trials
(Wolever & Mehling, 2002; O'Brien et al., 2005; Noakes et al., 2006) did not provide
sufficient information and one trial was excluded because the differences in
carbohydrate intake were less than 5% energy between groups (Dale et al., 2009)
(Cardio-metabolic review, incident hypertension and blood pressure chapter).
The trials have been stratified according to whether fat or protein, or both, were
adjusted as a result of changes in carbohydrate intake.



523

524

5.25

Higher carbohydrate and lower fat diets compared with lower
carbohydrate higher fat diets

Fourteen randomised controlled trials were identified that presented evidence on
diets differing in the proportion of carbohydrate to fat on blood pressure, all of
which were included in the meta-analysis (Golay et al., 2000; Foster et al., 2003;
Lovejoy et al., 2003; Clifton et al., 2004; Ley et al.,, 2004; Dansinger et al., 2005;
Ebbeling et al., 2005; Howard et al., 2006b; Ebbeling et al., 2007; Gardner et al.,
2007; Maki et al., 2007b; Phillips et al., 2008; Frisch et al., 2009; Sacks et al., 2009).
Five trials were identified in the update search (Foster et al., 2010; Gulseth et al,
2010; Jebb et al., 2010; Howard et al., 2010; Brooking et al., 2012). All trials report
effects on systolic and diastolic blood pressure, except one that reported effects
on diastolic blood pressure only (Howard et al., 2010) (Cardio-metabolic review,
incident hypertension and blood pressure chapter; Update search).

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to fat on systolic blood pressure at the end of the intervention
(0.77mmHg, 95% Cl -0.71, 2.4; p=0.33). Of the five trials identified in the update
search, three report no significant effect of diets differing in the proportion of
carbohydrate to total fat on systolic blood pressure (Gulseth et al., 2010; Jebb et
al., 2010; Brooking et al., 2012). The other two trials provide follow-up measures
from trials already included in the meta-analysis and report no significant effect
on systolic blood pressure (Foster et al., 2010; Howard et al., 2010). Nearly all trials
employ energy restricted weight loss diets that varied both carbohydrate (from 5%
to 65% energy) and fat (from 20% to 40% energy) between groups.

Higher carbohydrate, lower fat diets and systolic blood pressure

* No effect
® Adequate evidence

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to fat on diastolic blood pressure (0.02mmHg, 95% Cl -0.81, 0.86;
p=0.96). Of the four trials identified in the update search which reported on
diastolic blood pressure, three report no significant effect of diets differing in the
proportion of carbohydrate to total fat on diastolic blood pressure (Gulseth et
al., 2010; Jebb et al., 2010; Brooking et al., 2012). The other trial provides follow-
up measures from trials already included in the meta-analysis and reports no
significant effect on diastolic blood pressure (Foster et al., 2010). Nearly all trials
employ energy restricted weight loss diets that varied both carbohydrate (from 5%
to 65% energy) and fat (from 20% to 40% energy) between groups.

Higher carbohydrate, lower fat diets and diastolic blood pressure

* No effect
e Adequate evidence
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Higher carbohydrate, average protein diets compared with lower
carbohydrate higher protein diets

Four randomised controlled trials were identified that presented evidence on diets
differing in the proportion of carbohydrate to protein on systolic and diastolic
blood pressure, all of which were included in the meta-analysis (Appel et al., 2005;
Leidy et al., 2007; Claessens et al., 2009; Delbridge et al., 2009). Three trials were
identified in the update search (Aldrich et al., 2011; Gogebakan et al., 2011; Toscani
et al., 2011) (Cardio-metabolic review, incident hypertension and blood pressure
chapter; Update search). The proportion of carbohydrate in the diets varies
between 40-62% energy and protein varies between 15-30% energy.

An effect is demonstrated, with higher carbohydrate, average protein diets
resulting in less of a reduction in systolic blood pressure (217mmHg, 95% CI 0.08,
4.25; p=0.04) as compared with the lower carbohydrate, higher protein diets. Body
weight is kept constant in one of the trials (Appel et al., 2005), but the other three
are weight loss trials. When the difference in weight loss between experimental
groups in these trials is plotted on a forest plot it is proportional for each trial to
the relative reduction in systolic blood pressure. It is not possible, therefore, to
exclude confounding by concomitant weight loss on the effect on systolic blood
pressure. The trials identified in the update search report no significant effect of
diets differing in the proportion of carbohydrate to protein on systolic blood
pressure.

Higher carbohydrate, average protein diets and systolic blood pressure

o Effect

e Limited evidence

¢ A higher carbohydrate, average protein diet may result in less of a reduction in
systolic blood pressure as compared with a lower carbohydrate, higher protein diet,
but it is not possible to exclude confounding by other variables, e.g. less weight loss
in one of the experimental groups

e The effect is biologically relevant

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to protein on diastolic blood pressure (0.8ImmHg, 95% Cl -0.83, 2.46;
p=0.33). The three trials identified in the update search report no significant effect
of diets differing in the proportion of carbohydrate to protein on diastolic blood
pressure.

Higher carbohydrate, average protein diets and diastolic blood pressure

® No effect
e Limited evidence
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Higher carbohydrate, lower fat and average protein diets compared
with lower carbohydrate, average or higher fat and higher protein
diets

Seven randomised controlled trials were identified that presented evidence on
diets differing in the proportion of carbohydrate to protein and fat on systolic and
diastolic blood pressure, all of which were included in the meta-analysis (Brehm et
al., 2003; Meckling et al., 2004; Brehm et al., 2005; Keogh et al., 2007; Meckling &
Sherfey, 2007; Keogh et al., 2008; de Luis et al., 2009b). Two trials were identified
in the update search (Lim et al., 2010; Wood et al., 2012) (Cardio-metabolic review,
incident hypertension and blood pressure chapter; Update search).

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to protein and fat on systolic blood pressure (0.55mmHg, 95%
Cl -3.01, 191, p=0.44). One of the trials identified in the update search reported
no significant effect of diets differing in the proportion of carbohydrate to
protein and fat on systolic blood pressure. The other trial reported a significant
decrease in systolic blood pressure with very low carbohydrate, very low fat and
high unsaturated fat diets compared to the control diet; however, there was no
significant difference between the intervention groups (Lim et al., 2010). All trials
employ energy restricted weight loss diets that varied carbohydrate (from 12% to
57% energy), fat (from 54% to 20% energy) and protein (from 18% to 37% energy)
between groups.

Higher carbohydrate, lower fat, average protein diets and systolic blood pressure

* No effect
® Adequate evidence

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to protein and fat on diastolic blood pressure (116mmHg, 95% Cl
-0.96, 3.27; p=0.29). One of the trials identified in the update search report no
significant effect of diets differing in the proportion of carbohydrate to protein
and fat on diastolic blood pressure. The other trial reported a significant decrease
in diastolic blood pressure with very low carbohydrate, very low fat and high
unsaturated fat diets compared to the control diet; however, there was no
significant difference between the intervention groups (Lim et al., 2010). All trials
employ energy restricted weight loss diets that varied carbohydrate (from 12% to
57% energy), fat (from 54% to 20% energy) and protein (from 18% to 37% energy)
between groups.

Higher carbohydrate, lower fat, average protein diets and diastolic blood pressure

* No effect
¢ Adequate evidence
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Fasting blood lipids

Fifty eight randomised trials were identified that presented evidence on diets
differing in the proportion of carbohydrate on fasting blood lipid concentration.
The outcomes examined were fasting total cholesterol, LDL-cholesterol, HDL-
cholesterol, triacylglycerol, total cholesterol: HDL-cholesterol ratio and LDL-
cholesterol: HDL-cholesterol ratio. For fasting total cholesterol concentration, ten
trials could not be included in a meta-analysis as they did not report sufficient
information (Peterson & Jovanovic-Peterson, 1995; Wolever & Mehling, 2002;
Drummond et al., 2003; Foster et al., 2003; O'Brien et al., 2005; Johnston et al.,
2006; Dyson et al., 2007; Kirkwood et al.,, 2007; Dale et al., 2009; Layman et al.,
2009) (Cardio-metabolic review, hyper lipidaemias and blood lipids chapter).
For fasting LDL-cholesterol concentration, six trials could not be included in a
meta-analysis as they did not report sufficient information (Wolever & Mehling,
2002; Johnston et al., 2006; Kirkwood et al., 2007; Dyson et al., 2007; Lasker et al.,
2008; Layman et al., 2009) and for triacylglycerol concentration, eight trials could
not be included in a meta-analysis as they did not report sufficient information
(Peterson & Jovanovic-Peterson, 1995; Wolever & Mehling, 2002; Johnston et al,,
2006; Kirkwood et al., 2007; Dyson et al., 2007; Lasker et al., 2008; Dale et al., 2009;
Layman et al.,, 2009) (Cardio-metabolic review, hyperlipidaemias and blood lipids
chapter). The trials have been stratified according to whether fat or protein, or
both, were adjusted as a result of changes in carbohydrate intake.

Higher carbohydrate and lower fat diets compared with lower
carbohydrate higher fat diets

Fasting total cholesterol

Nineteen randomised controlled trials that presented evidence on diets differing
in the proportion of carbohydrate to fat on fasting total cholesterol were included
in the meta-analysis (Campos et al., 1995; Nelson et al., 1995; Ginsberg et al., 1998;
Turley et al.,, 1998; Zambon et al., 1999; Golay et al., 2000; Colette et al., 2003;
Couture et al., 2003; Lovejoy et al.,, 2003; Clifton et al,, 2004; Ley et al., 2004;
Pelkman et al., 2004; Segal-Isaacson et al., 2004; Cornier et al., 2005; Lofgren et al.,
2005; Petersen et al., 2006; Howard et al., 2006b; Due et al., 2008b; Frisch et al.,
2009). Four trials were identified in the update search (Jebb et al., 2010; Howard
et al., 2010; Haufe et al., 20T1; Brooking et al., 2012) (Cardio-metabolic review,
hyperlipidaemias and blood lipids chapter; Update search).

An effect is demonstrated, with diets higher in carbohydrate and lower in fat
decreasing fasting total cholesterol concentration (-016mmol/L, 95% Cl -0.28,
-0.04; p=0.01), but in some of the trials that also result in weight loss in both
experimental groups, a difference in the reduction of fasting total cholesterol
concentration is reported. The diets vary both in carbohydrate (between 5% and
65% energy) and fat (between 18% and 40% energy), including saturated fatty acid
intakes, between groups. Saturated fatty acid intakes, in particular, are reduced
in most of the higher carbohydrate diets. In those trials which try to maintain
saturated fatty acid intakes at similar levels between experimental groups there
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is still a lower intake of between 1-3% energy in the higher carbohydrate diets
(Golay et al., 2000; Couture et al., 2003; Colette et al., 2003; Pelkman et al., 2004;
Appel et al., 2005; Due et al., 2008; Jebb et al., 2010; de Souza et al., 2012). It
is not possible, therefore, to exclude confounding by concomitant decreases in
saturated fatty acid intake or possibly weight loss on the effect on fasting total
cholesterol concentration. Of the trials identified in the update search, two report
no significant effect of diets differing in the proportion of carbohydrate and fat
on fasting total cholesterol concentration (Howard et al., 2010; Brooking et al.,
2012). One reports a higher carbohydrate and lower fat diet to reduce fasting total
cholesterol concentration as compared with a lower carbohydrate and higher fat
diet, with a higher saturated fatty acid content, but not a higher monounsaturated
fatty acid content (Jebb et al., 2010). The other trial reports weight loss in both
experimental groups and a higher carbohydrate and lower fat diet result in a
greater reduction in fasting total cholesterol concentration as compared with a
lower carbohydrate and higher fat diet (Haufe et al., 201).

A meta-analysis has been conducted for fasting LDL-cholesterol concentration,
but the heterogeneity is above the pre-specified cut-off of 75% (1*=76%) and,
therefore, the pooled estimate has not been reported. There is, however, no
evidence of an effect of higher carbohydrate, lower fat diets on fasting LDL-
cholesterol concentration, which is inconsistent with effects on fasting total
cholesterol concentration (Cardio-metabolic review, hyperlipidaemias and blood
lipids chapter).

Higher carbohydrate, lower fat diets and fasting total cholesterol concentration

e Effect

e Adequate evidence

e A diet higher in carbohydrate and lower in fat may decrease fasting total cholesterol
concentration, but it is not possible to exclude confounding by other variables, e.g. a
concomitant reduction in saturated fat intake and/or weight loss

® The effect is biologically relevant

Fasting LDL-cholesterol

Twenty randomised controlled trials that presented evidence on diets differing in
the proportion of carbohydrate to fat on fasting LDL cholesterol were included
in the meta-analysis (Campos et al, 1995; Nelson et al., 1995; Ginsberg et al.,
1998; Turley et al., 1998; Zambon et al., 1999; Colette et al.,, 2003; Couture et al.,
2003; Foster et al., 2003; Lovejoy et al., 2003; Clifton et al., 2004; Ley et al., 2004;
Pelkman et al., 2004; Segal-Isaacson et al., 2004; Cornier et al., 2005; Bhargava,
2006; Howard et al., 2006; Petersen et al., 2006; Ebbeling et al., 2007; Due et al.,
2008; Frisch et al., 2009). Six trials were identified in the update search (Jebb et al.,
2010; Howard et al., 2010; Foster et al., 2010; Haufe et al., 2011, de Souza et al., 2012;
Brooking et al., 2012) (Cardio-metabolic review, hyperlipidaemias and blood lipids
chapter; Update search).

A meta-analysis has been conducted for fasting LDL-cholesterol concentration,
but the heterogeneity is above the pre-specified cut-off of 75% (1’=76%) and,
therefore, the pooled estimate has not been reported. There is, however, no



evidence of an effect of higher carbohydrate, lower fat diets on fasting LDL-
cholesterol concentration, which is inconsistent with effects on fasting total
cholesterol concentration (Cardio-metabolic review, hyperlipidaemias and
blood lipids chapter). Of the trials identified in the update search, four report
no significant effect of diets differing in the proportion of carbohydrate to fat
on fasting LDL-cholesterol concentration (Howard et al., 2010; Haufe et al., 201];
de Souza et al., 2012; Brooking et al., 2012). One trial reports a decrease in fasting
LDL-cholesterol concentration on the higher total carbohydrate, lower fat diet
compared with the lower carbohydrate, higher fat diets (both higher saturated and
higher monounsaturated fatty acid diets) (Jebb et al., 2010). A follow-up of a trial
included in the meta-analysis reports fasting LDL-cholesterol concentration to be
lower after the higher carbohydrate, lower fat diet as compared with the lower
carbohydrate, lower fat diet (Foster et al., 2010).

Higher carbohydrate, lower fat diets and fasting LDL-cholesterol concentration

e No effect
e Adequate evidence

Fasting HDL-cholesterol

538 Twenty two randomised controlled trials that presented evidence on diets differing
in the proportion of carbohydrate to fat on fasting HDL-cholesterol were included
in the meta-analysis (Campos et al., 1995; Nelson et al., 1995; Ginsberg et al., 1998;
Turley et al., 1998; Zambon et al., 1999; Golay et al., 2000; Wolever & Mehling,
2002; Foster et al., 2003; Colette et al., 2003; Couture et al., 2003; Lovejoy et al,,
2003; Clifton et al., 2004; Ley et al., 2004; Pelkman et al.,, 2004; Segal-Isaacson
et al., 2004; Cornier et al., 2005; Bhargava, 2006; Petersen et al., 2006; Howard
et al., 2006b; Ebbeling et al., 2007; Due et al., 2008b; Frisch et al., 2009). Six trials
were identified in the update search (Jebb et al., 2010; Howard et al., 2010; Foster
et al., 2010; Haufe et al., 2011; de Souza et al., 2012; Brooking et al., 2012) (Cardio-
metabolic review, hyperlipidaemias and blood lipids chapter; Update search).

539 No significant effect is demonstrated for diets differing in the proportion of
carbohydrate and fat on fasting HDL-cholesterol concentration (0.03mmol/L, 95%
Cl -0.06, 0.01; p=0.11). Several of the trials were weight loss trials and diets vary
both carbohydrate (between 5% and 65% energy) and fat (between 18% and 40%
energy) between groups. Of the trials identified in the update search, four report
no significant effect of diets differing in the proportion of carbohydrate to fat
on fasting HDL-cholesterol concentration (Howard et al., 2010; Haufe et al., 201
de Souza et al., 2012; Brooking et al., 2012). One trial reports a decrease in fasting
HDL-cholesterol concentration on the higher total carbohydrate, lower fat diet
compared with the lower carbohydrate, higher fat diets (both higher saturated and
higher monounsaturated fatty acid diets) (Jebb et al., 2010). A follow-up of a trial
included in the meta-analysis reports fasting HDL-cholesterol concentration to be
lower after the higher carbohydrate, lower fat diet as compared with the lower
carbohydrate, lower fat diet (Foster et al., 2010).
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Higher carbohydrate, lower fat diets and fasting HDL-cholesterol concentration

¢ No effect
e Adequate evidence

Fasting total cholesterol:HDL-cholesterol ratio

Five randomised controlled trials that presented evidence on diets differing in the
proportion of carbohydrate to fat on fasting total cholesterol:HDL-cholesterol
ratio were included in the meta-analysis (Ginsberg et al., 1998; Colette et al.,
2003; Ley et al., 2004; Pelkman et al., 2004; Howard et al.,, 2006b). One trial was
identified in the update search (Foster et al, 2010) (Cardio-metabolic review,
hyperlipidaemias and blood lipids chapter; Update search).

A revised meta-analysis was conducted subsequent to the cardio-metabolic health
review because the mean difference values used for one of the trials (Howard et
al., 2006) were incorrect (Annex 1, additional meta-analyses). The results from the
revised meta-analysis are reported below. No statistically significant effect was
demonstrated with higher carbohydrate, lower fat diets compared with lower
carbohydrate, higher fat diets on fasting total cholesterol:HDL-cholesterol ratio
(-0.03, 95% ClI -0.12, 0.05; p=0.73). The diets varied both carbohydrate (between
40% and 64% energy) and fat (between 18% and 39% energy), including saturated
fatty acid intakes, between groups. The trial identified in the update search reports
no significant difference in effect on the total cholesterol:HDL-cholesterol ratio
between dietary groups (Foster et al., 2010).

Higher carbohydrate, lower fat diets and fasting total cholesterol:HDL-cholesterol
ratio

* No effect
* Moderate evidence

Fasting LDL-cholesterol:HDL-cholesterol ratio

Five randomised controlled trials that presented evidence on diets differing in
the proportion of carbohydrate to fat on fasting LDL-cholesterol:HDL-cholesterol
ratio were included in the meta-analysis (Turley et al., 1998; Zambon et al., 1999,
Colette et al., 2003; Pelkman et al., 2004; Due et al., 2008b) (Cardio-metabolic
review, hyperlipidaemias and blood lipids chapter).

No significant effect is demonstrated for higher carbohydrate lower fat diets
compared with lower carbohydrate higher fat diets on fasting LDL-cholesterol:HDL-
cholesterol ratio (0.04, 95% Cl -0.36, 0.44; p=0.84). The diets vary both carbohydrate
(between 40% and 64% energy) and fat (between 18% and 39% energy) between
groups.

Higher carbohydrate, lower fat diets and fasting LDL-cholesterol:HDL-cholesterol
ratio

* No effect
® Moderate evidence




Higher carbohydrate, average protein diets compared with lower
carbohydrate higher protein diets

Fasting total cholesterol

544  Six randomised controlled trials that presented evidence on diets differing in the
proportion of carbohydrate to protein on fasting total cholesterol were included
in the meta-analysis (Due et al., 2004; Appel et al., 2005; Noakes et al., 2005; Leidy
etal., 2007; Claessens et al., 2009; Delbridge et al., 2009). Two trials were identified
in the update search (Toscani et al., 201; Gogebakan et al., 2011) (Cardio-metabolic
review, hyperlipidaemias and blood lipids chapter; Update search). The proportion
of carbohydrate in the diets varies from 40-63% energy and protein varies from
14-31% energy.

545  Aneffect is demonstrated, with higher carbohydrate, average protein diets resulting
in less of a reduction in fasting total cholesterol concentration (0.15mmol/L, 95%
Cl10.01,0.28; p=0.03) as compared with the lower carbohydrate, higher protein diet.
Of the six trials identified, body weight increases in one (Delbridge et al., 2009),
is kept constant in another (Appel et al., 2005) and the remaining four are weight
loss trials. When the difference in weight loss between experimental groups in
these trials is plotted on a forest plot it is proportional for each trial to the change
in fasting blood cholesterol. The heterogeneity is above the pre-specified cut-
off of 75% (1>=97%) and, therefore, the pooled estimate is not reported. It is not
possible, therefore, to exclude confounding by concomitant weight loss on the
effect on fasting total cholesterol. The trials identified in the update search report
no significant effect of diets differing in the proportion of carbohydrate to protein
on fasting total cholesterol concentration.

Higher carbohydrate, average protein diets and fasting total cholesterol
concentration

e Effect

e Limited evidence

e A higher carbohydrate, average protein diet may result in less of a reduction in
fasting cholesterol concentration as compared with the lower carbohydrate, higher
protein diet, but it is not possible to exclude confounding by other variables, e.g. less
weight loss in one of the experimental groups

e The effect is biologically relevant

Fasting HDL-cholesterol

546 Five randomised controlled trials that presented evidence on diets differing in the
proportion of carbohydrate to protein on fasting HDL-cholesterol concentration
were included in the meta-analysis (Due et al., 2004; Appel et al., 2005; Noakes et
al., 2005; Claessens et al., 2009; Delbridge et al., 2009). Two trials were identified
in the update search (Toscani et al., 2011; Gogebakan et al., 2011) (Cardio-metabolic
review, hyperlipidaemias and blood lipids chapter; Update search). The proportion
of carbohydrate in the diets varies from 40-63% energy and protein varies from
14-31% energy.



547

548

5.49

5.50

5.51

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to protein on fasting HDL-cholesterol concentration (0.0mmol/L,
95% Cl -0.04, 0.04; p=0.98). The trials identified in the update search report no
significant effect of diets differing in the proportion of carbohydrate to protein on
fasting HDL-cholesterol concentration.

Higher carbohydrate, average protein diets and fasting HDL-cholesterol concentration

e No effect
e Adequate evidence

Fasting LDL-cholesterol

Five randomised controlled trials that presented evidence on diets differing in the
proportion of carbohydrate to protein on fasting LDL-cholesterol concentration
were included in the meta-analysis (Due et al., 2004; Appel et al., 2005; Noakes et
al.,, 2005; Claessens et al., 2009; Delbridge et al., 2009). Two trials were identified
in the update search (Toscani et al., 2011; Gogebakan et al., 2011) (Cardio-metabolic
review, hyperlipidaemias and blood lipids chapter; Update search). The proportion
of carbohydrate in the diets varies from 40-63% energy and protein varies from
14-31% energy.

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to protein on fasting LDL-cholesterol concentration (0.06mmol/L,
95% Cl -0.03, 0.16; p=0.20). The trials identified in the update search report no
significant effect of diets differing in the proportion of carbohydrate to protein on
fasting LDL-cholesterol concentration.

Higher carbohydrate, average protein diets and fasting LDL-cholesterol concentration

¢ No effect
¢ Adequate evidence

Fasting triacylglycerol

Six randomised controlled trials that presented evidence on diets differing in the
proportion of carbohydrate to protein on fasting triacylglycerol concentration
were included in the meta-analysis (Due et al., 2004; Appel et al., 2005; Noakes
et al., 2005; Leidy et al.,, 2007; Claessens et al., 2009; Delbridge et al., 2009). Two
trials were identified in the update search (Toscani et al., 2011; Gogebakan et al.,
201) (Cardio-metabolic review, hyperlipidaemias and blood lipids chapter; Update
search). The proportion of carbohydrate in the diets varies from 40-63% energy
and protein varies from 14-31% energy.

An effect is demonstrated, with higher carbohydrate, average protein diets resulting
in less of a reduction in fasting triacylglycerol concentration (0.18mmol/L, 95% Cl
0.07,0.29; p=0.001) as compared with the lower carbohydrate, higher protein diet.
The effect could be due to difference in weight loss between the experimental
groups, as discussed in paragraphs 5.27 and 5.45 above, in relation to systolic blood
pressure and fasting total cholesterol concentration. It is not possible, therefore,



to exclude confounding by concomitant weight loss on the effect on fasting
triacylglycerol. The trials identified in the update search report no significant
effect of diets differing in the proportion of carbohydrate to protein on fasting
triacylglycerol concentration.

Higher carbohydrate, average protein diets and fasting triacylglycerol concentration

e Effect

e Limited evidence

e A higher carbohydrate, average protein diet may result in less of a reduction in
fasting triacylglycerol concentration as compared with the lower carbohydrate,
higher protein diet, but it is not possible to exclude confounding by other variables,
e.g. less weight loss in one of the experimental groups

e The effect is biologically relevant

Fasting total cholesterol

552 Twenty three randomised controlled trials that presented evidence on diets
differing in the proportion of carbohydrate to protein and fat on fasting
total cholesterol were included in the meta-analysis (Clevidence et al., 1992;
Golay et al., 1996; Brehm et al., 2003; Johnston et al., 2004; Meckling et al., 2004;
Sharman et al., 2004; Brehm et al., 2005; Dansinger et al., 2005; Ebbeling et al.,
2005; Layman et al., 2005; Krauss et al., 2006; McMillan-Price et al., 2006; Noakes
et al., 2006; Keogh et al., 2007; Mahon et al., 2007; Meckling & Sherfey, 2007; Maki
et al., 2007b; Keogh et al., 2008; Lasker et al., 2008; Phillips et al., 2008; Stoernell et
al., 2008; Sacks et al., 2009; de Luis et al., 2009b). Two trials were identified in the
update search (Lim et al., 2010; Wycherley et al., 2010) (Cardio-metabolic review,
hyperlipidaemias and blood lipids chapter; Update search).

553 An effect is demonstrated, with higher carbohydrate, lower fat, average
protein diets resulting in a decrease in fasting total cholesterol concentration
(-0.26mmol/L, 95% Cl -0.40, -0.12; p<0.001), but in some of the trials that also
result in weight loss in both experimental groups a difference in the reduction of
fasting total cholesterol concentration is reported. The trials vary carbohydrate
(from 4% to 67% energy), fat (from 10% to 54% energy), including saturated fatty
acid intakes, and protein (from 18% to 37% energy) between groups. Saturated fatty
acid intakes, in particular, are reduced in most of the higher carbohydrate diets,
although weight loss differences between experimental groups appears to be less
of an issue. In the trials which try to maintain saturated fatty acid intakes at similar
levels between experimental groups there is still a lower intake of between 1-3%
energy in the higher carbohydrate diets (Golay et al., 1996; Krauss et al., 2006;
Mahon et al., 2007; Stoernell et al., 2008; Sacks et al., 2009; de Souza et al., 2012).
It is not possible, therefore, to exclude confounding by concomitant decreases in
saturated fatty acid intake on the effect on fasting total cholesterol concentration.
One trial identified in the update search reported a significant decrease in total
cholesterol with very low carbohydrate, very low fat and high unsaturated fat
diets compared to the control diet (Lim et al., 2010). The other trial reported a
significantly greater increase in total cholesterol with a low carbohydrate diet
compared to a high carbohydrate low fat diet (Wycherley et al., 2010).
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Higher carbohydrate, lower fat, average protein diets and fasting total cholesterol
concentration

o Effect

e Adequate evidence

* A higher carbohydrate, lower fat, average protein diet may decrease fasting total
cholesterol concentration, but it is not possible to exclude confounding by other
variables, e.g. a concomitant reduction in saturated fat intake and/or weight loss

e The effect is biologically relevant

Fasting HDL-cholesterol

Twenty seven randomised controlled trials that presented evidence on diets differing
in the proportion of carbohydrate to protein and fat on fasting HDL-cholesterol were
included in the meta-analysis (Clevidence et al., 1992; Golay et al., 1996; Brehm et al,,
2003; Johnston et al.,, 2004; Pereira et al., 2004; Sharman et al., 2004; Meckling et
al., 2004; Brehm et al., 2005; Ebbeling et al., 2005; Layman et al., 2005; Appel et al,,
2005; Krauss et al., 2006; McMillan-Price et al., 2006; Noakes et al., 2006; Keogh
et al., 2007; Gardner et al.,, 2007; Leidy et al., 2007, Mahon et al., 2007; Meckling &
Sherfey, 2007; Maki et al., 2007b; Keogh et al., 2008; Phillips et al., 2008; Stoernell et
al., 2008; Layman et al., 2009; Morgan et al., 2009; Sacks et al., 2009; de Luis et al,
2009b). Three trials were identified in the update search (Lim et al., 2010; Wycherley
et al., 2010; Wood et al., 2012) (Cardio-metabolic review, hyperlipidaemias and blood
lipids chapter; Update search).

An effect is demonstrated, with higher carbohydrate, lower fat, average protein
diets decreasing fasting HDL-cholesterol concentration (-0.06mmol/L, 95% Cl
-0.01, -0.02; p=0.006), but in some of the trials that also result in weight loss in
both experimental groups a lower relative increase of fasting HDL-cholesterol
concentration is reported. Nearly all of the trials are weight loss trials. The trials
vary carbohydrate (from 4% to 67% energy), fat (from 54% to 10% energy), including
saturated fatty acid intakes, and protein (from 18% to 37% energy) between groups.
The trials identified in the update search report no significant effect of diets
differing in the proportion of carbohydrate to protein and fat on fasting HDL-
cholesterol concentration.

The fat content of the diet may affect fasting HDL-cholesterol concentration, with
higher intake raising concentrations, which may in turn be affected by fatty acid
composition (Mensink et al., 2003).

Higher carbohydrate, lower fat, average protein diets and fasting HDL-cholesterol
concentration

o Effect

* Moderate evidence

e A higher carbohydrate, lower fat, average protein diet may decrease fasting HDL-
cholesterol concentration, but it is not possible to exclude confounding by other
variables, e.g. a concomitant reduction in fat intake

® The effect is biologically relevant




Fasting LDL-cholesterol

5.57 Twenty four randomised controlled trials that presented evidence on diets differing
in the proportion of carbohydrate to protein and fat on fasting LDL-cholesterol
were included in the meta-analysis (Clevidence et al., 1992; Brehm et al.,, 2003;
Johnston et al., 2004; Pereira et al., 2004; Sharman et al., 2004; Meckling et al.,
2004; Brehm et al., 2005; Dansinger et al., 2005; Layman et al., 2005; Krauss et al.,
2006; McMillan-Price et al., 2006; Noakes et al., 2006; Gardner et al., 2007; Keogh
et al., 2007; Leidy et al., 2007; Mahon et al., 2007; Meckling & Sherfey, 2007; Maki
et al., 2007b; Keogh et al., 2008; Phillips et al., 2008; Stoernell et al., 2008; Morgan
et al, 2009; Sacks et al., 2009; de Luis et al., 2009b). Two trials were identified
in the update search (Lim et al,, 2010; Wycherley et al., 2010) (Cardio-metabolic
review, hyperlipidaemias and blood lipids chapter; Update search).

5.58 An effect is demonstrated, with higher carbohydrate, lower fat, average protein
diets decreasing fasting LDL-cholesterol concentration (-0.27mmol/L, 95% Cl
-0.36, -0.18; p<0.001), but in some of the trials a difference in the reduction of
fasting HDL-cholesterol concentration is reported. Nearly all trials employ energy
restricted weight loss diets. The trials vary carbohydrate (from 4% to 67% energy), fat
(from 54% to 10% energy), including saturated fatty acid intakes, and protein (from
18% to 37% energy) between groups. Saturated fatty acid intakes, in particular, are
reduced in most of the higher carbohydrate diets, although weight loss differences
between experimental groups appears to be less of an issue (see paragraph 5.53).
It is not possible, therefore, to exclude confounding by concomitant decreases in
saturated fatty acid intake on the effect on fasting LDL-cholesterol concentration.
The trials identified in the update search report that higher carbohydrate, lower
fat, average protein including lower saturated fatty acid, diets reduce fasting
LDL-cholesterol.

Higher carbohydrate, lower fat, average protein diets and fasting LDL-cholesterol
concentration

o Effect
e Adequate evidence

e A higher carbohydrate, lower fat, average protein diet may decrease fasting LDL-
cholesterol concentration, but it is not possible to exclude confounding by other
variables, e.g. a concomitant reduction in saturated fat intake

e The effect is biologically relevant

Fasting triacylglycerol

5.59 Twenty seven randomised controlled trials that presented evidence on diets
differing in the proportion of carbohydrate to protein and fat on fasting
triacylglycerol were included in the meta-analysis (Clevidence et al., 1992; Golay et
al., 1996; Brehm et al., 2003; Johnston et al., 2004; Pereira et al., 2004; Meckling et
al., 2004; Sharman et al., 2004; Brehm et al., 2005; Dansinger et al., 2005; Ebbeling
et al., 2005; Layman et al., 2005; O'Brien et al., 2005; Seshadri et al., 2005; Krauss
et al., 2006; McMillan-Price et al., 2006; Noakes et al., 2006; Keogh et al., 2007;
Gardner et al., 2007, Mahon et al., 2007; Meckling & Sherfey, 2007; Maki et al.,
2007b; Keogh et al., 2008; Phillips et al., 2008; Stoernell et al., 2008; Morgan et al.,

©)
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2009; Sacks et al., 2009; de Luis et al., 2009b). Three trials were identified in the
update search (Lim et al., 2010; Wycherley et al., 2010; Wood et al., 2012) (Cardio-
metabolic review, hyperlipidaemias and blood lipids chapter; Update search).

An effect is demonstrated, with higher carbohydrate, average protein and lower
fat diets resulting in less of a reduction in fasting triacylglycerol concentration, as
indicated from the forest plot, but the heterogeneity is above the pre-specified
cut-off of 75% (1’=82%) and, therefore, the pooled estimate is not reported. Nearly
all trials employ energy restricted weight loss diets. The trials vary carbohydrate
(from 4% to 67% energy), fat (from 54% to 10% energy), including saturated fatty
acid intakes, and protein (from 18% to 37% energy) between groups. Of the trials
identified in the update search two report no significant effect of diets differing
in the proportion of carbohydrate to protein and fat on fasting triacylglycerol
concentration. One reports an increase in fasting triacylglycerol concentration
in response to a higher carbohydrate, average protein and lower fat diet (Wood
et al, 2012).

The fat content of the diet affects fasting triacylglycerol concentration, with
higher intakes reducing concentrations (Mensink et al., 2003), thus the effect may
be due to a concomitant change in fat intake in relation to carbohydrate intake.

Higher carbohydrate, lower fat, average protein diets and fasting triacylglycerol
concentration

o Effect

* Moderate evidence

e A higher carbohydrate, lower fat, average protein diet may result in less of a
reduction in fasting triacylglycerol concentration as compared with a lower
carbohydrate, average or higher fat and higher protein diet, but it is not possible to
exclude confounding by other variables, e.g. a concomitant reduction in fat intake

e The effect is biologically relevant

Fasting total cholesterol:HDL-cholesterol ratio

Nine randomised controlled trials that presented evidence on diets differing in the
proportion of carbohydrate to protein and fat on fasting total cholesterol:HDL-
cholesterol ratio were included in the meta-analysis (Clevidence et al., 1992;
Johnston et al., 2004; Sharman et al., 2004; Dansinger et al., 2005; Krauss et al.,
2006; McMillan-Price et al., 2006; Mahon et al., 2007; Maki et al., 2007b; Layman
et al.,, 2009) (Cardio-metabolic review, hyperlipidaemias and blood lipids chapter).

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to protein and fat on fasting total cholesterol:HDL-cholesterol ratio
(0.06, 95% Cl -0.14, 0.27; p=0.42). Nearly all trials employ energy restricted weight
loss diets. The trials vary carbohydrate (from 5% to 67% energy), fat (from 46% to
10% energy) and protein (from 18% to 37% energy) between groups.

Higher carbohydrate, lower fat, average protein diets and fasting total
cholesterol:HDL-cholesterol ratio

* No effect
* Moderate evidence
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Fasting LDL-cholesterol:HDL-cholesterol ratio

Three randomised controlled trials that presented evidence on diets
differing in the proportion of carbohydrate to protein and fat on fasting LDL-
cholesterol:HDL-cholesterol ratio were included in the meta-analysis (Clevidence
et al., 1992; Dansinger et al., 2005; Layman et al., 2009) (Cardio-metabolic review,
hyperlipidaemias and blood lipids chapter).

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to protein and fat on fasting LDL-cholesterol:HDL-cholesterol ratio
(-0.10, 95% ClI -0.34, 0.14; p=0.43). All trials employ energy restricted weight loss
diets. The trials vary carbohydrate (from 10% to 67% energy), fat (from 41% to 19%
energy) and protein (from 15% to 30% energy) between groups.

Higher carbohydrate, lower fat, average protein diets and fasting LDL-
cholesterol:HDL-cholesterol ratio

* No effect
e Limited evidence

Higher carbohydrate diets and fasting non-HDL-cholesterol

Three randomised controlled trials that presented evidence on diets differing
in the proportion of carbohydrate to protein and/or fat on fasting non-HDL-
cholesterol were included in the meta-analysis (Pelkman et al., 2004; Howard et
al., 2006b; Gardner et al., 2007). One trial was identified in the update search
(Toscani et al., 2011) (Cardio-metabolic review, hyperlipidaemias and blood lipids
chapter; Update search).

An effect is demonstrated, with higher carbohydrate diets resulting in more
of a reduction in fasting non-HDL-cholesterol concentration (-0.03mmol/L, 95%
Cl -0.06, -0.00; p=0.04) as compared with a lower carbohydrate diet. All trials
employ energy restricted weight loss diets. The trials vary carbohydrate (from
18% to 64% energy), fat (from 44% to 20% energy) and protein (from 16% to 30%
energy) between groups. One trial aims to maintain saturated fatty acid intakes
at similar levels between experimental groups (Pelkman et al., 2004). The other
two trials reduce saturated fatty acid intakes in the higher carbohydrate group
relative to other experimental groups. One trial contributes 87% to the pooled
estimate and results in more weight loss and reduced saturated fatty acid intake
in the higher carbohydrate diet group (Howard et al., 2006b). It is not possible,
therefore, to exclude confounding by concomitant decreases in saturated fatty
acid intake on the effect on fasting non-HDL-cholesterol concentration. The
trial identified in the update search reports no significant effect of diets differing
in the proportion of carbohydrate to protein and/or fat on fasting non-HDL-
cholesterol concentration.
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Higher carbohydrate diets and fasting non-HDL-cholesterol concentration

o Effect

e Limited evidence

* A higher carbohydrate diet may result in more of a reduction in fasting non-HDL-
cholesterol concentration as compared with a lower carbohydrate diet, but it is not
possible to exclude confounding by other variables, e.g. a concomitant reduction in
saturated fat intake and/or weight loss

e The effect is biologically relevant

Higher carbohydrate diets and fasting non-esterified fatty acids

Nine randomised controlled trials that presented evidence on diets differing in
the proportion of carbohydrate to protein and/or fat on fasting non-esterified
fatty acids were included in the meta-analysis (Helge, 2002; Wolever & Mehling,
2003; Due et al., 2004; Cornier et al., 2005; Lofgren et al., 2005; Noakes et al.,
2005; McMillan-Price et al., 2006; Claessens et al., 2009; Kirk et al., 2009) (Cardio-
metabolic review, hyperlipidaemias and blood lipids chapter).

No significant effect is demonstrated for diets differing in the proportion
of carbohydrate to protein and/or fat on fasting non-esterified fatty acid
concentration (0.00mmol/L, 95% Cl -0.04, 0.05; p=0.82). All trials employ energy
restricted weight loss diets. The trials vary carbohydrate (from 30% to 63% energy),
fat (from 41% to 10% energy) and protein (from 15% to 35% energy) between groups.

Higher carbohydrate diets and fasting non-esterified fatty acid concentration

* No effect
e Adequate evidence

Higher carbohydrate diets and tumour necrosis factor-o.

Three randomised controlled trials that presented evidence on diets differing in
the proportion of carbohydrate to protein and/or fat on blood tumour necrosis
factor-a were included in the meta-analysis (Sharman & Volek, 2004; Seshadri et
al., 2005; de Luis et al., 2007). No further trials were identified in the update search
(Cardio-metabolic review, markers of inflammation chapter).

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to protein or fat on blood tumour necrosis factor-o. concentration
(0.16pg/mL, 95% Cl -0.20, 0.51; p=0.39). All trials employ energy restricted weight
loss diets. The trials vary carbohydrate (from 8% to 51% energy), fat (from 25% to
63% energy) and protein (from 16% to 25% energy) between groups.

Higher carbohydrate diets and tumour necrosis factor-o.

* No effect
e Limited evidence




Carbohydrate diets and C-reactive protein

572 Sixteen randomised controlled trials were identified that presented evidence
on diets differing in the proportion of carbohydrate to protein and/or fat on
C-reactive protein (CRP). Two trials could not be included in the meta-analyses as
they did not report the necessary variance data (O'Brien et al., 2005; Stoernell et
al.,, 2008) (Cardio-metabolic review, markers of inflammation chapter). The trials
have been stratified according to whether fat or protein, or both, were adjusted as
a result of changes in carbohydrate intake.

Higher carbohydrate and lower fat diets compared with lower
carbohydrate higher fat diets

5.73  Five randomised controlled trials that presented evidence on diets differing in
the proportion of carbohydrate to fat on blood CRP were included in the meta-
analysis (Lovejoy et al., 2003; Dansinger et al., 2005; Johnston et al., 2006; Phillips
et al., 2008; Due et al., 2008b). Two trials were identified in the update search (Jebb
et al., 2010; Haufe et al., 2011) (Cardio-metabolic review, markers of inflammation
chapter; Update search).

574 No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to fat on blood CRP concentration (-0.38mg/L, 95% Cl -110, 0.33;
p=0.29). Nearly all trials employ energy restricted weight loss diets. The trials vary
both carbohydrate (from 20% to 65% energy) and fat (from 20% to 40% energy)
between groups. The trials identified in the update search report no significant
effect of diets differing in the proportion of carbohydrate to fat on blood CRP
concentration.

Higher carbohydrate, lower fat diets and CRP concentration

e No effect
e Adequate evidence

Higher carbohydrate, average protein diets compared with lower
carbohydrate higher protein diets

575 Three randomised controlled trials that presented evidence on diets differing in
the proportion of carbohydrate to protein on blood CRP were included in the
meta-analysis (Due et al., 2005; Noakes et al., 2005; Mahon et al., 2007). One trial
was identified in the update search (Gogebakan et al., 2011) (Cardio-metabolic
review, markers of inflammation chapter; Update search).

576 No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to protein on blood CRP concentration (0.49mg/L, 95% Cl -0.19, 116;
p=0.16). All trials employ energy restricted weight loss diets. The trials vary both
carbohydrate (from 10% to 60% energy) and protein (from 18% to 37% energy)
between groups. The trial identified in the update search reports no significant
effect of a diet differing in the proportion of carbohydrate to protein on blood
CRP concentration.

®
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Higher carbohydrate, average protein diets and CRP concentration

* No effect
e Limited evidence

Higher carbohydrate, lower fat and average protein diets compared
with lower carbohydrate, average or higher fat and higher protein
diets

Six randomised controlled trials that presented evidence on diets differing in the
proportion of carbohydrate to fat and protein on blood CRP were included in the
meta-analysis (Pereira et al., 2004; Sharman & Volek, 2004; McMillan-Price et al.,
2006; Noakes et al., 2006; de Luis et al., 2007; Keogh et al., 2008). One trial was
identified in the update search (Lim et al., 2010) (Cardio-metabolic review, markers
of inflammation chapter; Update search).

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to fat and protein on blood CRP concentration (0.09mg/L, 95% Cl
-0.42, 0.61; p=0.72). Nearly all trials employ energy restricted weight loss diets. The
trials vary carbohydrate (from 10% to 67% energy), fat (from 10% to 54% energy)
and protein (from 18% to 37% energy) between groups. The trial identified in the
update search reports no significant effect of diets differing in the proportion of
carbohydrate to fat and protein on blood CRP concentration.

Higher carbohydrate, lower fat, average protein and diets CRP concentration

* No effect
e Adequate evidence

Type 2 diabetes mellitus

Seven cohort studies were identified that presented evidence ontotal carbohydrate
intake as % energy and incidence of type 2 diabetes mellitus (Feskens et al., 1995;
Monterrosa et al., 1995; Schulze et al., 2004a; Lindstrom et al., 2006; Gunderson
et al., 2007, Villegas et al., 2007; Schulze et al., 2008). Five cohort studies could
not be included in a meta-analysis, which left an insufficient number of studies
to enable a meta-analysis to be performed. One cohort study was identified in
the update search (Simila et al., 2012) (Cardio-metabolic review, diabetes chapter;
Update search).

The seven cohort studies present conflicting results, but the larger studies that
took important covariates into consideration indicate a lack of association
between total carbohydrate intake as % energy and incidence of type 2 diabetes
mellitus. The cohort study identified in the update search indicates that higher
intakes of total carbohydrate as % energy are associated with a lower incidence
of type 2 diabetes.

Nine cohort studies were identified that presented evidence on total carbohydrate
intake as g/day and incidence of type 2 diabetes mellitus; two studies could
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not be included in a meta-analysis because the results were unadjusted for any
potential confounders (Leonetti et al., 1996; Montonen et al., 2007). The remaining
seven cohort studies were included in the meta-analysis (Salmeron et al., 1997a;
Salmeron et al., 1997b; Meyer et al., 2000; Hodge et al., 2004; Barclay et al., 2007,
Villegas et al.,, 2007; Schulze et al., 2008). Two cohort studies were identified in
the update search (Sluijs et al., 2010; Mekary et al., 2011), one of which (Mekary et
al., 2011) was a later follow-up of the Nurses’ Health Study cohort identified in the
initial search (Salmeron et al., 1997b) (Cardio-metabolic review, diabetes chapter;
Update search). An updated meta-analysis was performed by the same research
group that conducted the cardio-metabolic health review (Greenwood et al.,
2013), which included the studies found in the update search and excluded the
earlier follow-up of the Nurses’ Health Study cohort (Salmeron et al., 1997b). One
study conducted in China presents a very different background diet, and the risk
estimates in this cohort are markedly elevated in particular sub groups of women,
therefore the findings were not included in the analysis (Villegas et al., 2007). The
results from the later meta-analysis are presented below and were used to inform
this report.

No significant association was found between total carbohydrate intake as g/ day
and incidence of type 2 diabetes mellitus (RR 0.96, 95% Cl 0.86, 1.08 for each
70g/ day increase; p=0.5).

Total carbohydrate (% energy or g/day) and type 2 diabetes mellitus

® No association
® Moderate evidence

Higher carbohydrate diets and impaired glucose tolerance

One randomised controlled trial was identified that presented evidence on
diets differing in the proportion of carbohydrate in relation to impaired glucose
tolerance (Swinburn et al., 2001). Two trials were identified in the update search
(Toscani et al., 2011; Gogebakan et al., 2011) (Cardio-metabolic review, diabetes
chapter; Update search).

No significant effect is reported of diets differing in the proportion of carbohydrate
intake on impaired glucose tolerance in any of the trials.

Higher carbohydrate diets and impaired glucose tolerance

® No effect
e Limited evidence

Glycaemia and insulinaemia
Cohort studies

Four cohort studies were identified that presented evidence on total carbohydrate
intake as either g/day or % energy and glycaemia (Feskens et al., 1995; Leonetti et
al., 1996; Mayer-Davis et al., 2006; Schroeder et al., 2007). No further cohort studies
were identified in the update search (Cardio-metabolic review, diabetes chapter).
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The outcome measure is defined as either blood glucose level or area under
the curve following a two-hour glucose tolerance test. One study also presents
results according to fasting glucose concentration (Mayer-Davis et al., 2006). Due
to variation in methodologies a meta-analysis is not possible. None of the studies
indicate an association between total carbohydrate intake as either g/day or %
energy and glycaemia.

Total carbohydrate (g/day or % energy) and glycaemia (blood glucose level or area
under the curve following a two-hour glucose tolerance test)

® No association
* Moderate evidence

Randomised controlled trials

Forty six randomised controlled trials were identified that presented evidence
on diets differing in the proportion of carbohydrate to fat and/or protein in
relation to measures of glycaemia. Four trials could not be included in the meta-
analyses as they did not report the necessary data (Kirkwood et al., 2007; Mahon
et al., 2007; Clifton et al., 2008; Dale et al., 2009). The trials have been stratified
according to whether fat or protein, or both, were adjusted as a result of changes
in carbohydrate intake (Cardio-metabolic review, diabetes chapter).

Higher carbohydrate diets and response to oral glucose tolerance
test

Four randomised controlled trials were identified that presented evidence on diets
differing in the proportion of carbohydrate to fat or protein in relation to blood
glucose response two hours after an oral glucose tolerance test (Swinburn et al.,
2007; Foster et al., 2003; Lasker et al., 2008; Due et al., 2008a). No further trials
were identified in the update search (Cardio-metabolic review, diabetes chapter).

No significant effect is reported for diets differing in the proportion of carbohydrate
intake on glucose tolerance test in any of the trials.

Higher total carbohydrate diets and oral glucose tolerance test

e No effect
e Adequate evidence

Fasting blood glucose

Higher carbohydrate and lower fat diets compared with lower
carbohydrate higher fat diets

Twenty six randomised controlled trials that presented evidence on diets differing
in the proportion of carbohydrate to fat on fasting glucose were included in the
meta-analysis (Racette et al., 1995; Golay et al., 1996; Golay et al., 2000; Swinburn
et al, 2007; Helge, 2002; Colette et al., 2003; Landry et al.,, 2003; Lovejoy et al.,
2003; Wolever & Mehling, 2003; Clifton et al., 2004; Segal-Isaacson et al., 2004;
Dansinger et al., 2005; Lofgren et al., 2005; Raatz et al., 2005; Petersen et al., 2006;
Howard et al., 2006b; Ebbeling et al., 2007; Gardner et al., 2007; Maki et al., 2007b;
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Phillips et al., 2008; Due et al., 20083; Frisch et al.,, 2009; Grau et al., 2009; Kirk et
al., 2009; Morgan et al., 2009; Sacks et al., 2009). Four trials were identified in the
update search (Goree et al., 2011; Haufe et al., 2011; Shikany et al., 2011; Brooking et
al., 2012) (Cardio-metabolic review, diabetes chapter; Update search). Shikany et al.
(20M) presents data from the same trial as Howard et al. (2006b) but over a longer
time period.

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to fat on fasting glucose concentration (-0.0lmmol/L, 95% Cl -0.06,
0.04; p=0.75). Nearly all trials employ energy restricted weight loss diets that vary
both carbohydrate (between 5% and 65% energy) and fat (between 18% and 40%
energy) between groups. Of the four trials identified in the update search three
report no significant effect, while one reports lower carbohydrate, higher fat diet
to increase fasting glucose concentration (Goree et al., 2011).

Higher carbohydrate, lower fat diets and fasting blood glucose concentration

e No effect
¢ Adequate evidence

Higher carbohydrate, average protein diets compared with lower
carbohydrate higher protein diets

Five randomised controlled trials that presented evidence on diets differing in the
proportion of carbohydrate to protein on fasting glucose were included in the
meta-analysis (Due et al., 2004; Noakes et al., 2005; Bowden et al., 2007; Leidy et
al., 2007; Claessens et al., 2009). Two trials were identified in the update search
(Gogebakan et al., 2011; Toscani et al., 2011) (Cardio-metabolic review, diabetes
chapter; Update search).

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to protein on fasting glucose concentration (-0.08mmol/L, 95%
Cl-0.26, 0.09; p=0.36). Nearly all trials are energy restricted weight loss trials. The
proportion of carbohydrate in the diets varies from 40-63% energy and protein
varies from 14-31% energy. The trials identified in the update search report no
significant effect of diets differing in the proportion of carbohydrate to protein on
fasting glucose concentration.

Higher carbohydrate, average protein diets and fasting blood glucose concentration

® No effect
e Adequate evidence

Higher carbohydrate, lower fat and average protein diets compared
with lower carbohydrate, average or higher fat and higher protein
diets

Twelve randomised controlled trials that presented evidence on diets differing
in the proportion of carbohydrate to fat and protein on fasting glucose were
included in the meta-analysis (Brehm et al., 2003; Johnston et al., 2004; Meckling
et al., 2004; Sharman et al,, 2004; Seshadri et al., 2005; McMillan-Price et al,,
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2006; Noakes et al., 2006; Keogh et al., 2007; Meckling & Sherfey, 2007; Lasker
et al., 2008; Keogh et al., 2008; de Luis et al., 2009b). Two trials were identified in
the update search (Lim et al., 2010; Wood et al., 2012) (Cardio-metabolic review,
diabetes chapter; Update search).

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to fat and protein on fasting glucose concentration (0.02mmol/L,
95% Cl -0.14, 0.17; p=0.84). Nearly all trials employ energy restricted weight loss
diets. The trials vary carbohydrate (from 4% to 67% energy), fat (from 10% to 54%
energy) and protein (from 18% to 37% energy) between groups. The trials identified
in the update search report no significant effect of diets differing in the proportion
of carbohydrate to fat and protein on fasting glucose concentration.

Higher carbohydrate, lower fat, average protein diets and fasting blood glucose
concentration

® No effect
¢ Adequate evidence

Fasting blood insulin

Higher carbohydrate and lower fat diets compared with lower
carbohydrate higher fat diets

Thirty randomised controlled trials were identified that presented evidence on
diets differing in the proportion of carbohydrate to fat on fasting insulin (Peterson
& Jovanovic-Peterson, 1995; Racette et al., 1995; Golay et al., 1996; Golay et al.,
2000; Swinburn et al., 2001; Helge, 2002; Colette et al., 2003; Landry et al., 2003;
Lovejoy et al., 2003; Wolever & Mehling, 2003; Clifton et al., 2004; Cornier et al,
2005; Dansinger et al., 2005; Lofgren et al., 2005; Petersen et al., 2006; Howard et
al., 2006b; Ebbeling et al., 2007; Gardner et al., 2007; Kirkwood et al., 2007; Maki
et al., 2007b; Phillips et al., 2008; Tinker et al., 2008; Due et al., 2008b; Dale et al.,
2009; Grau et al., 2009; Kirk et al., 2009; Morgan et al., 2009; Sacks et al., 2009;
Sloth et al., 2009; de Luis et al., 2009a). Five trials were identified in the update
search (Jebb et al., 2010; Goree et al., 2011; Haufe et al., 2011; Shikany et al., 201
Brooking et al., 2012) (Cardio-metabolic review, diabetes chapter ; Update search).
Shikany et al. (201) presents the data from the same trial as Howard et al. (2006b)
but over a longer follow-up period.

Due to variation between the different methodologies used to measure fasting
insulin concentration, it was not possible to conduct a meta-analysis. Twenty four
trials report no significant effect of diets differing in the proportion of carbohydrate
to fat on fasting insulin; six trials do report an effect (Swinburn et al., 20071; Clifton
et al.,, 2004; Dansinger et al., 2005; Due et al., 2008b; Kirk et al., 2009; de Luis et
al., 2009a). One of these trials reports that the extent of weight loss predicts
the decrease in insulin concentration regardless of dietary group (Dansinger et
al., 2005). Nearly all trials employ energy restricted weight loss diets that vary
both carbohydrate (between 5% and 65% energy) and fat (between 18% and 40%
energy) between groups. It is not possible, therefore, to exclude confounding by



concomitant weight loss on fasting insulin concentration. The trials identified in
the update search report no significant effect of diets differing in the proportion
of carbohydrate to fat on fasting insulin concentration.

Higher carbohydrate, lower fat diets and fasting blood insulin concentration

® No effect
¢ Adequate evidence

Higher carbohydrate, average protein diets compared with lower
carbohydrate higher protein diets

598 Five randomised controlled trials were identified that presented evidence on diets
differing in the proportion of carbohydrate to protein on fasting insulin (Due et
al., 2004; Noakes et al., 2005; Clifton et al., 2008; Claessens et al., 2009; Sacks et
al, 2009). Two trials were identified in the update search (Gogebakan et al., 20TI;
Toscani et al., 201) (Cardio-metabolic review, diabetes chapter; Update search).

599 Due to variation between the different methodologies used to measure fasting
insulin concentration, it was not possible to conduct a meta-analysis. All trials
report no significant effect from diets differing in the proportion of carbohydrate
to protein on fasting insulin concentration. Nearly all trials are weight loss trials.
The proportion of carbohydrate in the diets varies between 40-63% energy and
protein varies between 14-31% energy. The trials identified in the update search
report no significant effect of diets differing in the proportion of carbohydrate to
protein on fasting insulin concentration.

Higher carbohydrate, average protein diets and fasting blood insulin concentration

® No effect
® Moderate evidence

Higher carbohydrate, lower fat and average protein diets compared
with lower carbohydrate, average or higher fat and higher protein
diets

5100 Seventeen randomised controlled trials were identified that presented evidence
on diets differing in the proportion of carbohydrate to fat and protein on fasting
insulin (Golay et al., 1996; Brehm et al., 2003; Johnston et al., 2004; Meckling
et al,, 2004; Sharman et al., 2004; Dansinger et al., 2005; Layman et al., 2005;
Seshadri et al., 2005; McMillan-Price et al., 2006; Noakes et al., 2006; Keogh et
al., 2007, Mahon et al., 2007; Meckling & Sherfey, 2007; Keogh et al., 2008; Lasker
et al., 2008; Sacks et al., 2009; de Luis et al., 2009a). One trial was identified in
the update search (Lim et al., 2010) (Cardio-metabolic review, diabetes chapter;
Update search).

5101 Due to variation between the different methodologies used to measure fasting
insulin concentration, it was not possible to conduct a meta-analysis. One trial
reports that a higher proportion of dietary carbohydrate to fat and protein
increased fasting insulin concentration (Seshadri et al., 2005); whereas all other
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trials report no significant effect on fasting insulin concentration. Nearly all trials
employ energy restricted weight loss diets. The trials vary carbohydrate (from 4%
to 67% energy), fat (from 10% to 54% energy) and protein (from 18% to 37% energy)
between groups. The trial identified in the update search reports no significant
effect of diets differing in the proportion of carbohydrate to fat and protein on
fasting insulin concentration.

Higher carbohydrate, lower fat, average protein diets and fasting blood insulin
concentration

* No effect
e Adequate evidence

Insulin response to oral glucose tolerance test

Higher carbohydrate and lower fat diets compared with lower
carbohydrate higher fat diets

Five randomised controlled trials were identified that presented evidence on diets
differing in the proportion of carbohydrate to fat on the insulin response to an
oral glucose tolerance test (Swinburn et al., 2007; Foster et al., 2003; Raatz et al.,
2005; Due et al., 20083; Frisch et al., 2009). No further trials were identified in the
update search (Cardio-metabolic review, diabetes chapter).

Due to variation between the different methodologies used to measure fasting
insulin concentration, it was not possible to conduct a meta-analysis. Four trials
report no significant effect of diets differing in the proportion of carbohydrate
to fat on the insulin response to an oral glucose tolerance test. One trial reports
that a higher carbohydrate, lower fat diet lowered the insulin response to an oral
glucose tolerance test (Swinburn et al., 2001).

Higher carbohydrate, lower fat diets and insulin response to oral glucose tolerance
test

* No effect
e Limited evidence

Insulin resistance/sensitivity

Higher carbohydrate and lower fat diets compared with lower
carbohydrate higher fat diets

Thirteen randomised controlled trials were identified that presented evidence on
diets differing in the proportion of carbohydrate to fat on measures of insulin
resistance/sensitivity (Helge, 2002; Wolever & Mehling, 2002; Foster et al., 2003;
Lofgren et al., 2005; Raatz et al., 2005; Johnston et al., 2006; Maki et al., 2007b;
Tinker et al., 2008; Due et al., 20083; Grau et al., 2009; Kirk et al., 2009; Sacks et al.,
2009; de Luis et al., 2009a). Four trials were identified in the update search (Jebb et
al., 2010; Goree et al., 2011; Haufe et al., 2011; Shikany et al., 2011) (Cardio-metabolic
review, diabetes chapter; Update search). Shikany et al. (2011) reports data from the
same trial as Tinker et al. (2008) but over a longer time period.
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Due to variation between the different methodologies used to measure insulin
resistance/sensitivity, it was not possible to conduct a meta-analysis. Three
trials report an effect of varying the proportion of total carbohydrate to fat on
measures of insulin resistance/sensitivity. Two of these trials report improvements
in both diet groups, but this is greater in the lower total carbohydrate intervention
(Due et al., 20083; Kirk et al., 2009). One trial reports that in subjects with the FTO
gene TT genotype only, there is a beneficial effect on insulin release in those who
consume a higher carbohydrate, lower fat diet (Grau et al., 2009). Nearly all trials
employ energy restricted weight loss diets that varied both carbohydrate (from 5%
to 65% energy) and fat (from 20% to 40% energy) between groups. The four trials
identified in the update search report no significant effect of diets differing in the
proportion of carbohydrate to fat on the insulin resistance/sensitivity.

Higher carbohydrate, lower fat diets and insulin resistance/sensitivity

® No effect
* Moderate evidence

Higher carbohydrate, lower fat and average protein diets compared
with lower carbohydrate, average or higher fat and higher protein
diets

Fifteen randomised controlled trials were identified that presented evidence on
diets differing in the proportion of carbohydrate to fat and protein on measures of
insulin resistance/sensitivity (Helge, 2002; Wolever & Mehling, 2002; Johnston et
al., 2004; Pereira et al., 2004; Sharman et al., 2004; Ebbeling et al., 2005; O’'Brien et
al., 2005; Seshadri et al., 2005; McMillan-Price et al., 2006; Mahon et al., 2007; Maki
et al., 2007b; Gray et al., 2008; Lasker et al., 2008; Sacks et al., 2009; de Luis et al.,
2009a). No further trials were identified in the update search (Cardio-metabolic
review, diabetes chapter).

Due to variation between the different methodologies used to measure insulin
resistance/sensitivity, it was not possible to conduct a meta-analysis. Four trials
report an effect of diets differing in the proportion of carbohydrate to fat and
protein on measures of insulin resistance/sensitivity. Overall, findings from the
fifteen trials tend to show improvements in insulin resistance in both dietary groups
studied, which is likely to be a reflection of decreasing weights in the majority of
the studies. Nearly all trials employ energy restricted weight loss diets that varied
carbohydrate (from 12% to 57% energy), fat (from 54% to 20% energy) and protein
(from 18% to 37% energy) between groups.

Higher carbohydrate, lower fat, average protein diets and insulin resistance/
sensitivity

* No effect
* Moderate evidence
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Higher carbohydrate diets and haemoglobin Alc

Six randomised controlled trials were identified that presented evidence on diets
differing in the proportion of carbohydrate in relation to glycosylated blood
proteins. Five trials were included in the meta-analysis (Wolever & Mehling, 2003;
Seshadri et al., 2005; Claessens et al., 2009; Frisch et al., 2009; Sloth et al., 2009).
One trial could not be included in an analysis because it did not provide any
measures of variation (Dyson et al.,, 2007). No trials were identified in the update
search (Cardio-metabolic review, diabetes chapter).

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate on haemoglobin Alc concentration (-0.01%, 95% Cl -0.06, 0.05;
p=0.82). The largest trial contributed 87% to the pooled estimate (Frisch et al.,
2009).

Higher carbohydrate diets and haemoglobin Alc concentration

* No effect
e Adequate evidence

Obesity
Higher carbohydrate diets and fat free mass

Four randomised controlled trials presented evidence on diets differing in the
proportion of carbohydrate in relation to change in fat free mass. One trial could
not be included in the meta-analysis because the percentage energy difference in
carbohydrate between the intervention groups was less than 5% (Dale et al., 2009).
Three trials were included in a meta-analysis (Due et al.,, 2004; Delbridge et al.,
2009; Frisch et al.,, 2009). Two of the trials varied the proportion of carbohydrate
to protein (Due et al, 2004; Delbridge et al., 2009) and the other varied the
proportion of carbohydrate to fat (Frisch et al., 2009). One trial was identified in
the update search (Foster et al., 2010), which varied the proportion of carbohydrate
to fat and protein (Cardio-metabolic review, obesity chapter; Update search).

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to protein or fat on loss of fat mass (0.03kg, 95% Cl -0.77, 0.83;
p=0.95). The trial identified in the update search reports no significant effect of
diets differing in the proportion of carbohydrate to fat and protein on fat free
mass.

Higher carbohydrate diets and fat free mass

* No effect
® Moderate evidence

Higher carbohydrate diets and waist to hip ratio

Four randomised controlled trials presented evidence on diets differing in the
proportion of carbohydrate in relation to waist to hip ratio. One could not be
included in a meta-analysis because the percentage energy difference from
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carbohydrates was less than 5% between the intervention groups (McManus et al.,
2001). Three trials were included in the meta-analysis (Due et al., 2004; Howard et
al., 2006a; Gardner et al., 2007). One trial varied the proportion of carbohydrate
to protein (Due et al., 2004); one varied the proportion of carbohydrate to fat
(Howard et al., 2006a); and the other varied the proportion of carbohydrate to fat
and protein (Gardner et al., 2007). No further trials were identified in the update
search (Cardio-metabolic review, obesity chapter).

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to protein and/or fat on change in waist to hip ratio (0.00, 95% Cl
-0.01, 0.01; p=0.87).

Higher carbohydrate diets and waist to hip ratio

® No effect
e Limited evidence

Total carbohydrate and body weight change

Twenty randomised controlled trials that presented evidence on diets differing
in the proportion of carbohydrate in relation to body weight were considered
for inclusion in a meta-analysis. Six trials could not be included in the meta-
analysis (McManus et al., 2001; Ebbeling et al., 2007; Gardner et al., 2007; Clifton
et al., 2008; Dale et al., 2009; Sacks et al., 2009) (Cardio-metabolic review, obesity
chapter). The trials have been stratified according to whether fat or protein, or
both, were adjusted as a result of changes in carbohydrate intake.

Higher carbohydrate and lower fat diets compared with lower
carbohydrate higher fat diets

Eight randomised controlled trials that presented evidence on diets differing in the
proportion of carbohydrate to fat in relation to body weight were included in a
meta-analysis (Sheppard et al., 1991; Shah et al., 1996; Swinburn et al., 2001; Ebbeling
et al., 2005; Bhargava, 2006; Howard et al., 2006a; Frisch et al., 2009; Greenberg
et al, 2009). Two follow-up analyses from a trial included in the meta-analysis
(Howard et al., 2006a) were identified in the update search (Howard et al., 2010;
Shikany et al., 2011) however, these reported on a smaller number of participants
and over a shorter time period than the original paper and were not considered
further. One additional trial identified in the update search reported no effect of
diets differing in the proportion of carbohydrate on body weight (Foster et al.,
2010) (Cardio-metabolic review, obesity chapter; Update search).

No significant effect is demonstrated for higher carbohydrate, lower fat diets on
body weight change (-0.93kg, 95% Cl -1.87, 0.01; p=0.05). The result is of borderline
statistical significance, but is in the opposite direction to the borderline effect for
fat mass (see paragraph 5.126).
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Higher carbohydrate, lower fat diets and body weight

* No effect
e Limited evidence

Higher carbohydrate, average protein diets and higher
carbohydrate, lower fat and average protein diets compared with
lower carbohydrate higher protein diets and lower carbohydrate,
average or higher fat and higher protein diets

Six randomised controlled trials that presented evidence on diets differing in the
proportion of carbohydrate to protein or to fat and protein in relation to body
weight were included in a meta-analysis (Foster et al., 2003; Due et al., 2004;
Dansinger et al., 2005; Keogh et al., 2007; Delbridge et al., 2009; Layman et al,
2009). Two trials were identified in the update search (Wycherley et al., 2010; Lim
et al., 2010) (Cardio-metabolic review, obesity chapter; Update search).

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to protein or fat and protein on body weight change (0.48kg, 95%
Cl1-0.79,1.74; p=0.46). The trials identified in the update search report no significant
effect of diets differing in the proportion of carbohydrate to protein or fat and
protein on body weight.

Higher carbohydrate, average protein diets and higher carbohydrate, lower fat,
average protein diets and body weight

* No effect
® Adequate evidence

Total dietary carbohydrate and body mass index

Eight randomised controlled trials that presented evidence on diets differing in
the proportion of carbohydrate in relation to body mass index were considered
for inclusion in a meta-analysis. Two trials could not be included in the meta-
analysis as they did not report the necessary data (McManus et al., 2007; Dale et
al., 2009) (Cardio-metabolic review, obesity chapter). The trials have been stratified
according to whether fat or protein, or both were adjusted as a result of changes
in carbohydrate intake.

Higher carbohydrate and lower fat diets compared with lower
carbohydrate higher fat diets

Four randomised controlled trials that presented evidence on diets differing in the
proportion of carbohydrate to fat in relation to body mass index were included
in a meta-analysis (Swinburn et al., 200T; Bhargava, 2006; Howard et al., 2006a;
Frisch et al., 2009). No further trials were identified in the update search (Cardio-
metabolic review, obesity chapter).
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The heterogeneity is above the pre-specified cut-off of 75% (1>=80%) and, therefore,
the pooled estimate is not reported. The forest plot does show that all four trials
demonstrate a change in the same direction, with a lower BMI at the end of the
intervention following a higher carbohydrate, lower fat diet. The magnitude of this
change between trials is inconsistent.

Higher carbohydrate, lower fat diets and body mass index

Effect
Limited evidence

The direction of the effect demonstrates energy restricted, higher carbohydrate,
lower fat diets may be beneficial to reducing body mass index

The effect is biologically relevant

Higher carbohydrate, average protein diets and higher
carbohydrate, lower fat and average protein diets compared with
lower carbohydrate higher protein diets and lower carbohydrate,
average or higher fat and higher protein diets

Four randomised controlled trials that presented evidence on diets differing in the
proportion of carbohydrate to protein or to fat and protein in relation to body
mass index were included in a meta-analysis (Due et al., 2004; Dansinger et al.,
2005; Gardner et al., 2007; Delbridge et al., 2009). One trial was identified in the
update search (Wycherley et al., 2010) (Cardio-metabolic review, obesity chapter;
Update search).

No significant effect is demonstrated for diets differing in the proportion
of carbohydrate to protein or protein and fat on body mass index change
(0.26 kg/m?, 95% Cl -0.46, 0.98; p=0.48). The trial identified in the update search
reports no significant effect of diets differing in the proportion of carbohydrate to
protein or protein and fat on change in body mass index.

Higher carbohydrate, average protein diets and higher carbohydrate, lower fat,
average protein diets and body mass index

* No effect
e Limited evidence

Total dietary carbohydrate and total body fat

Six randomised controlled trials that presented evidence on diets differing in the
proportion of carbohydrate in relation to fat mass were considered for inclusion in
the meta-analysis. Three trials could not be included in the meta-analysis because
the percentage energy difference in carbohydrate between the intervention
groups was less than 5% (McManus et al.,, 2001, Clifton et al., 2008; Dale et al,,
2009). The trials have been stratified according to whether fat or protein or both
were adjusted as a result of changes in carbohydrate intake.
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Higher carbohydrate and lower fat diets compared with lower
carbohydrate higher fat diets

Three randomised controlled trials that presented evidence on diets differing in
the proportion of carbohydrate to fat and protein in relation to fat mass were
included in a meta-analysis (Ebbeling et al., 2007; Gardner et al., 2007; Frisch et
al., 2009). No further trials were identified in the update search (Cardio-metabolic
review, obesity chapter).

No significant effect is demonstrated for higher carbohydrate, lower fat diets on
change in fat mass (0.30kg, 95% Cl -0.01, 0.62; p=0.06). The result is of borderline
statistical significance, but is in the opposite direction to the borderline effect for
body weight.

Higher carbohydrate lower fat diets and fat mass

* No effect
e Limited evidence

Higher carbohydrate, average protein diets and higher
carbohydrate, lower fat and average protein diets compared with
lower carbohydrate higher protein diets and lower carbohydrate,
average or higher fat and higher protein diets

Three randomised controlled trials that presented evidence on diets differing in
the proportion of carbohydrate to protein or to fat and protein in relation to fat
mass were included in a meta-analysis (Due et al., 2004; Delbridge et al., 2009;
Layman et al., 2009). One trial was identified in the update search (Foster et al,
2010) (Cardio-metabolic review, obesity chapter; Update search).

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to protein or fat and protein on change in fat mass (-0.57kg, 95%
Cl-2.58,1.44; p=0.58). The trial identified in the update search reports no significant
effect on fat mass of a diet differing in the proportion of carbohydrate to protein
or fat and protein.

Higher carbohydrate, average protein diets and higher carbohydrate, lower fat,
average protein diets and fat mass

* No effect
e Limited evidence

Total dietary carbohydrate and waist circumference

Nine randomised controlled trials that presented evidence on diets differing in the
proportion of carbohydrate in relation to waist circumference were considered
for inclusion in a meta-analysis. Two trials could not be included in the meta-
analysis (McManus et al., 2001; Dale et al., 2009). The trials have been stratified
according to whether fat or protein or both were adjusted as a result of changes
in carbohydrate intake.



Higher carbohydrate and lower fat diets compared with lower
carbohydrate higher fat diets

5130 Three randomised controlled trials that presented evidence on diets differing in the
proportion of carbohydrate to fat and protein in relation to waist circumference
were included in a meta-analysis (Bhargava, 2006; Howard et al.,, 2006a; Frisch
et al., 2009). Two follow-up analyses from a trial included in the meta-analysis
(Howard et al., 2006a) were identified in the update search (Howard et al., 2010;
Shikany et al., 2011) however, these reported on a smaller number of participants
and over a shorter time period than the original paper and were not considered
further (Cardio-metabolic review, obesity chapter; Update search).

5131 No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to fat on change in waist circumference (0.04cm, 95% Cl -1.26, 1.34;
p=0.96).

Higher carbohydrate, lower fat diets and waist circumference

* No effect
e Limited evidence

Higher carbohydrate, average protein diets and higher
carbohydrate, lower fat and average protein diets compared with
lower carbohydrate higher protein diets and lower carbohydrate,
average or higher fat and higher protein diets

5132 Four randomised controlled trials that presented evidence on diets differing in
the proportion of carbohydrate to protein or fat and protein in relation to waist
circumference were included in a meta-analysis (Due et al., 2004; Dansinger et al.,
2005; Keogh et al., 2007; Delbridge et al., 2009). No further trials were identified in
the update search (Cardio-metabolic review, obesity chapter).

5133 The heterogeneity is above the pre-specified cut-off of 75% (1>=86%) and, therefore,
the pooled estimate is not reported. The forest plot shows there is no consistent
effect overall on change in waist circumference, with only one trial reporting a
difference between experimental groups (Due et al., 2004).

Higher carbohydrate, average protein diets and higher carbohydrate, lower fat,
average protein diets and waist circumference

® No effect
e Limited evidence

Total dietary carbohydrate and energy intake

5134 Sixty three randomised controlled trials that presented evidence on diets differing
in the proportion of carbohydrate in relation to energy intake were identified.
Eighteen trials could not be included in a meta-analysis as they did not report
the necessary data (Schlundt et al., 1993; Stubbs et al., 1996; Saltzman et al., 1997;
Harvey-Berino, 1998; Johnstone et al., 2000; McManus et al., 2001; Drummond et
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al.,, 2003; Brehm et al., 2003; Ebbeling et al.,, 2005; Mazlan et al., 2006; Rumpler et
al., 2006; Keogh et al., 2007; Meckling & Sherfey, 2007; Park et al., 2007; Kirkwood
et al., 2007; de Luis et al., 2007; Clifton et al., 2008; Dale et al., 2009). The majority
of these studies found no statistical difference in energy intakes with varying
carbohydrate consumption. The remaining studies were analysed according to
whether the carbohydrate was replaced with fat and/or protein. For details on
trial design, see Table 6.3 of the systematic review (Cardio-metabolic review,
energy intake and eating motivation chapter). Due to high heterogeneity between
trials the meta-analysis pooled estimate is not reported for diets differing in
the proportion of carbohydrate to fat and for diets differing in the proportion
of carbohydrate to protein in relation to energy intake. This evidence for both
these dietary manipulations was considered too inconsistent for a conclusion
to be drawn and, therefore, they have been listed in Table 5.4. However, there is
no suggestion of an effect between these two dietary modifications and energy
intake. Only the analysis for diets differing in the proportion of carbohydrate to
fat and protein is given below.

Higher carbohydrate, lower fat and average protein diets compared
with lower carbohydrate, average or higher fat and higher protein
diets

Seventeen randomised controlled trials that presented evidence on diets differing
in the proportion of carbohydrate to fat and protein in relation to energy intake
were included in a meta-analysis (Borkman et al., 1991; Volek et al., 2004; Meckling et
al., 2004; Sharman & Volek, 2004; Brehm et al., 2005; Dansinger et al., 2005; Layman
et al., 2005; Nickols-Richardson et al.,, 2005; Seshadri et al., 2005; McMillan-Price
et al, 2006; Dyson et al., 2007; Rankin & Turpyn, 2007; Keogh et al., 2008; Lasker
et al., 2008; Stoernell et al., 2008; Layman et al., 2009; Morgan et al., 2009). Only
two trials include an energy restriction goal (Borkman et al., 1991; Volek et al., 2004)
(Cardio-metabolic review, energy intake and eating motivation chapter).

No significant effect is demonstrated for diets differing in the proportion of
carbohydrate to fat and protein on energy intake (20kJ, 95% ClI -282, 323; p=0.90)
(5kcal, 95 % Cl -67, 77).

Higher carbohydrate, lower fat, average protein diets and energy intake

e No effect
e Adequate evidence

Colo-rectal health

Six cohort studies were identified that presented evidence on total carbohydrate
intake as g/day and colo-rectal cancer incidence, all of which were included in
the meta-analysis (Terry et al., 2003; Higginbotham et al., 2004; Michaud et al.,
2005; Larsson et al., 2007; Strayer et al., 2007; Howarth et al., 2008). One cohort
study was identified in the update search (Li et al., 2011) (Colo-rectal health review;
Update search).
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No significant association is indicated between carbohydrate intake as g/day and
colo-rectal cancer incidence (RR 1.00, 95% Cl 0.87, 114 for each 70g/day increase;
p=0.99). The cohort study identified in the update search also indicates no
significant association between total carbohydrate intake as g/day and colo-rectal
cancer incidence.

Total carbohydrate (g/day) and colo-rectal cancer

® No association

e Adequate evidence

Four cohort studies were identified that presented evidence on total carbohydrate
intake as g/day and colon and rectal cancer incidence separately, all of which were
included in the meta-analysis (Terry et al., 2003; Michaud et al., 2005; Larsson et al.,
2007; Howarth et al., 2008). One cohort study was identified in the update search
(Li et al., 201) (Colo-rectal health review; Update search).

No significant association is indicated between carbohydrate intake as g/day
and colon cancer incidence (RR 0.99, 95% Cl 0.89, 1.08 for each 70g/day increase;
p=0.75) or rectal cancer incidence (RR 0.99, 95% Cl 0.86, 114 for each 70g/day
increase; p=0.86). The cohort study identified in the update search also indicates
no significant association between total carbohydrate intake as g/day and colon
or rectal cancer incidence.

Total carbohydrate (g/day) and colon cancer

® No association
e Adequate evidence

Total carbohydrate (g/day) and rectal cancer

® No association
¢ Adequate evidence

Children and adolescents

Body mass index and body fatness

Four cohort studies were identified in children and adolescents aged five years or
more that presented evidence on total carbohydrate intake in relation to change
in BMI or body fatness (Twisk et al., 1998; Boreham et al., 1999; Magarey et al., 2001,
Johnson et al., 2008).

Three cohort studies were identified that presented evidence on total carbohydrate
intake as % energy in relation to change in BMI (Twisk et al., 1998; Boreham et al,,
1999; Magarey et al., 2001). One study could not be included in a meta-analysis as it
did not report the necessary data (Boreham et al., 1999), which left an insufficient
number of trials to enable a meta-analysis to be performed. No further studies
were identified in the update search (Cardio-metabolic review, obesity chapter).

Q)



5143 Overall, there was no evidence of an association between total carbohydrate
intake and follow-up BMI in any of these studies of children and adolescents.

5144  Four cohort studies were identified that presented evidence on total carbohydrate
intake as % energy in relation to body fatness and fat distribution (Twisk et al., 1998;
Boreham et al., 1999; Magarey et al., 2001; Johnson et al., 2008). The assessments
of body fatness were insufficiently comparable to enable a meta-analysis to
be performed. No further studies were identified in the update search (Cardio-
metabolic review, obesity chapter).

5145 Three of the studies indicate no association between total carbohydrate intake and
body fatness in children and adolescents, but one study indicates a higher total
carbohydrate intake is associated with increased triceps skinfold measurement
(Magarey et al., 2001).

Total carbohydrate intake (% energy) and body mass index and body fatness

® No association
e Limited evidence

Outcomes where there is insufficient or inconsistent
evidence®

5146 The tables below detail the exposures and outcomes where there are two or
fewer studies that meet the inclusion criteria for the review (e.g. by study duration,
publication date, health of subjects, design of intervention), or where the studies
are too inconsistent, to draw a conclusion as per the grading system in Annex 2.
A full description of the studies can be found in the relevant systematic reviews.

Table 5.1: Insufficient evidence - cohort studies

Risk factor/health outcome/measure Exposure

Coronary calcification Total carbohydrate (g/day or % energy)
Aortic calcification

Blood pressure

Fasting blood lipids

Fibrinogen

Body weight (children)

Body mass index and body fatness
(children)

Weight gain

Fat distribution (adults and children)
Energy intake (children)

Eating motivation

Impaired glucose tolerance
Insulinaemia

HbATc

Cardiovascular disease events Dietary patterns
Coronary events

Stroke

Type 2 diabetes mellitus

8  See Annex 2 paragraph A2.21 for criteria.
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Table 5.2: Insufficient evidence - randomised controlled trials

Risk factor/health outcome Exposure

Cardiovascular disease Higher carbohydrate diets
Pulse wave velocity
Augmentation index
IL-6

Serum-amyloid A,
ICAM-1

VCAM-1

E-selectin

P-selectin,

tPA,

Factor VII

Fibrinogen

Total body fat (children)
Hip circumference

Type 2 diabetes mellitus

AUC insulin Higher carbohydrate, lower protein diets
Insulin response to oral Higher carbohydrate, lower fat and
glucose tolerance test protein diets

Table 5.3: Inconsistent evidence - cohort studies

Measure Exposure

Body weight Total carbohydrate
Energy intake (adults)

Table 5.4: Inconsistent evidence - randomised controlled trials

Risk factor/health outcome/measure Exposure
Apolipoproteins A-1, B Higher carbohydrate diets
Lipoprotein a

PAI-1

Central and peripheral fat
Eating motivation

LDL-cholesterol Higher carbohydrate and lower fat diets
TAG
Energy intake

Waist circumference Higher carbohydrate, lower fat and/or
lower protein diets

Energy intake Higher carbohydrate, lower protein diets
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Summary and conclusions

This assessment is based on prospective cohort studies and randomised controlled
trials investigating the relationship between total carbohydrate intake and the
various health/disease outcomes included in this review. There is a lack of evidence
on total carbohydrate intake in relation to oral health. With observational studies
there is substantial potential for biases and the possibility of confounding by an
extraneous variable that correlates with both the dependent variable and the
independent variable (residual confounding); any associations must be interpreted
with caution.

For many outcomes, there is insufficient evidence from cohort studies to permit
a conclusion to be drawn in terms of total carbohydrate intake. No association is
indicated between total carbohydrate intake and the incidence of cardiovascular
disease endpoints, type 2 diabetes mellitus, glycaemia (blood glucose level or area
under the curve following a two-hour glucose tolerance test) or colo-rectal cancer;
most studies adjust their results for body mass index. In children and adolescents
limited evidence indicates that there is no association between total carbohydrate
intake and body mass index or body fatness.

Cohort studies estimate total carbohydrate intake in subjects with unrestricted
food choice. Total carbohydrate is the sum of the sugars, starches and dietary
fibre in the diet and, therefore, a general term that encompasses several different
nutritional components. Any or all of these components may be increased to
raise total carbohydrate intake and in some cohort studies it is not reported
how carbohydrate intakes were achieved. As the components are linked with
differing effects on health outcomes, it may be more difficult to detect an
association between total carbohydrate intake and any one health outcome. A
further limitation is that variation or changes in carbohydrate intakes may affect
micronutrient intakes, which is unlikely to be accounted for in cohort studies.

Randomised controlled trials assess the effect of varying total carbohydrate
intake, by reciprocally varying fat, type and quantity, and/or protein intake. These
trials indicate no significant effect of varying total carbohydrate intake on vascular
function, inflammatory markers and risk factors for type 2 diabetes mellitus. Higher
total carbohydrate intake is shown to have mixed effects on fasting blood lipid
concentrations, but it is not possible to exclude confounding by a concomitant
reduction in saturated fatty acid intake and total fat and/or differences in weight
loss between experimental groups. Higher carbohydrate intake is also shown to
affect systolic blood pressure, but it is not possible to exclude confounding by
differences in weight loss between experimental groups (see paragraphs 5.6 and
5.7). A higher carbohydrate, average protein diet results in less of a reduction in
systolic blood pressure as compared with a lower carbohydrate, higher protein
diet, but this appears to be due to greater weight-loss in the higher carbohydrate
experimental group rather than to dietary differences. This caveat applies to all
cardio-metabolic risk factors investigated in these trials.
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The trials do provide evidence that an energy-restricted higher carbohydrate,
lower fat diet, as compared with a lower carbohydrate, higher fat diet, may be
beneficial as a dietary strategy for reducing body mass index, but there is high
heterogeneity between trials and the evidence is limited due to a relatively small
number of trials. The hypothesis that diets higher in total carbohydrate cause
weight gain is not supported by the evidence from randomised controlled trials
considered in this review.

Overall, prospective cohort studies indicate that total carbohydrate is neither
detrimental nor beneficial to cardio-metabolic health and is not associated with
risk of colo-rectal cancer. The randomised controlled trials do indicate some
effects on cardiovascular risk factors, but it is not possible to exclude confounding
by a concomitant reduction in saturated fatty acid intake and total fat and/or
differences in weight loss between experimental groups. There is some evidence
that an energy restricted, higher carbohydrate, lower fat diet may be an effective
strategy for reducing body mass index and body weight.
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6.2

6.3

6.4

6.5

6.6

Sugars and sugars-sweetened foods
and beverages

This assessment is based on prospective cohort studies and randomised controlled
trials investigating the relationship between sugars, individual sugars, sugars-
sweetened foods and beverages and cardio-metabolic, colo-rectal and oral health
outcomes. Links to the individual systematic reviews and update search are given
in Annex 1.

Evidence on health/disease outcomes has been discussed in detail only where
there are sufficient data for a conclusion to be drawn from studies meeting the
pre-agreed inclusion criteria. Outcomes where there are too few studies to reach
a conclusion, are listed at the end of the chapter (see Tables 6.1 and 6.2).

For the prospective cohort study meta-analyses, the relative risks for total sugars
intake are presented for each 50g/day increase and for individual sugars for
each 20g/day increase as this is equivalent to one standard deviation of intake.
The increment used for sugars-sweetened beverages was 330ml/day increase in
consumption as this is equivalent to a standard can of beverage.

The term ‘sugars’ is used in this chapter to refer to all dietary sugars in cohort
studies. For randomised controlled trials, ‘sugars’ is used where the exposure
cannot be clearly be defined as a specific type of sugar(s) (e.g. sucrose, lactose,
glucose or fructose).

There is a lack of evidence to enable conclusions to be drawn on sugars intake and
colo-rectal cancer and no studies were identified for any other colo-rectal health
outcome.

Adults

Sugars

Coronary events

Three cohort studies were identified that presented evidence on sugars intake
and incidence of coronary events (Fehily et al., 1993; Liu et al., 2000; Beulens
et al., 2007). The exposure measures used in the studies were not sufficiently
comparable to enable a meta-analysis to be performed. Two cohort studies were
subsequently identified in the update search (Sieri et al., 2010; Burger et al., 201)
(Cardio-metabolic review, cardiovascular disease chapter; Update search).



6.7  No significant association is observed between sugars consumption and incidence
of coronary events in any of the studies.

Sugars (g/day) and coronary events

® No association
* Moderate evidence

Blood pressure

6.8  Five randomised controlled trials were identified that presented evidence on diets
differing in the proportion of sugars in relation to blood pressure (Surwit et al.,
1997; Vasilaras et al., 2001; Poppitt et al., 2002; Raben et al., 2002; Black et al.,
2006), three of which were included in a meta-analysis (Surwit et al., 1997; Raben et
al., 2002; Black et al., 2006). Two very small trials could not be included in a meta-
analysis as they did not report the necessary data (Vasilaras et al., 2001; Poppitt et
al.,, 2002). No further trials were identified in the update search (Cardio-metabolic
review, incident hypertension and blood pressure chapter).

69  No significant effect is demonstrated for diets differing in the proportion of sugars
on systolic blood pressure (1.4mmHg, 95% Cl -5.4, 8.3; p=0.69) or diastolic blood
pressure (3ImmHg, 95% Cl -0.2, 6.3; p=0.06); although the result is of borderline
statistical significance. One trial included in the meta-analysis compared the
consumption of sucrose-sweetened foods and drinks to non-calorically sweetened
foods and beverages (Raben et al., 2002). The other two trials compared higher
and lower sucrose diets, one of which was a weight loss trial (Surwit et al., 1997).

Sugars and systolic and diastolic blood pressure

® No effect
e Limited evidence

Fasting blood lipids

Fasting total cholesterol concentration

610  Six randomised controlled trials were identified that presented evidence on diets
differing in the proportion of sugars in relation to fasting total cholesterol, of which
four were included in a meta-analysis (Ryle et al., 1990; Surwit et al., 1997; Saris et
al., 2000; Black et al., 2006). Two trials could not be included in a meta-analysis
as they did not report the necessary data (Poppitt et al., 2002; Drummond et al.,
2003). No further trials were identified in the update search (Cardio-metabolic
review, hyperlipidaemias and blood lipids chapter).

611 No significant effect is demonstrated for diets differing in the proportion of sugars
on fasting total cholesterol concentration (0.14mmol/L, 95% CI -0.11, 0.39; p=0.28).
Two of the included trials are weight loss trials (Surwit et al., 1997; Saris et al.,
2000).

D)
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Sugars and fasting total cholesterol concentration

* No effect
e Limited evidence

Fasting LDL-cholesterol concentration

Four randomised controlled trials were identified that presented evidence on
diets differing in the proportion of sugars in relation to fasting LDL-cholesterol, of
which three were included in a meta-analysis (Surwit et al., 1997; Saris et al., 2000;
Black et al., 2006). One trial could not be included in a meta-analysis as it did not
report the necessary data (Poppitt et al., 2002). No further trials were identified
in the update search (Cardio-metabolic review, hyperlipidaemias and blood lipids
chapter).

No significant effect is demonstrated for diets differing in the proportion of sugars
on fasting LDL-cholesterol concentration (0.10mmol/L, 95% CI -0.18, 0.38; p=0.49).
Two of the included trials are weight loss trials (Surwit et al., 1997; Saris et al.,
2000).

Sugars and fasting LDL-cholesterol concentration

* No effect
e Limited evidence

Fasting HDL-cholesterol concentration

Four randomised controlled trials were identified that presented evidence on
diets differing in the proportion of sugars in relation to fasting HDL-cholesterol, of
which three were included in a meta-analysis (Surwit et al., 1997; Saris et al., 2000;
Black et al., 2006). One trial could not be included in a meta-analysis as it did not
report the necessary data (Poppitt et al., 2002). No further trials were identified
in the update search (Cardio-metabolic review, hyperlipidaemias and blood lipids
chapter).

No significant effect is demonstrated for diets differing in the proportion of sugars
on fasting HDL-cholesterol concentration (-0.03mmol/L, 95% Cl -0.09, 0.02;
p=0.21). Two of the trials are weight loss trials (Surwit et al., 1997; Saris et al., 2000).

Sugars and fasting HDL-cholesterol concentration

* No effect
® |imited evidence

Fasting triacylglycerol concentration

Five randomised controlled trials were identified that presented evidence on diets
differing in the proportion of sugars in relation to fasting triacylglycerol (Surwit
et al., 1997; Saris et al., 2000; Poppitt et al., 2002; Sorensen et al., 2005; Black et
al., 2006). Three trials could not be included in a meta-analysis as they did not
report the necessary data (Poppitt et al., 2002; Sorensen et al., 2005; Black et



al.,, 2006), which left an insufficient number of trials to enable a meta-analysis
to be performed. No further trials were identified in the update search (Cardio-
metabolic review, hyperlipidaemias and blood lipids chapter).

617 Two trials investigated substitution of dietary fat with either ‘simple’ or ‘complex’
carbohydrates; however these terms are not defined (Saris et al., 2000; Poppitt et
al., 2002). One reports fasting triacylglycerol concentration to be raised by the
lower fat, higher simple carbohydrate diet compared with the lower fat higher
complex carbohydrate diet (Poppitt et al., 2002), while the other reports no
significant effect (Saris et al., 2000). The three remaining trials investigate the
effect of higher and lower sucrose diets and report no significant effect on fasting
triacylglycerol concentration.

Sugars and fasting triacylglycerol concentration

® No effect
e Limited evidence

Energy intake

618 Nine randomised controlled trials that presented evidence on diets differing in the
proportion of sugars in relation to energy intake were originally identified in the
cardio-metabolic health review (Drummond & Kirk, 1998; Saris et al., 2000; Poppitt
et al., 2002; Raben et al., 2002; Brynes et al., 2003; Drummond et al., 2003; Mazlan
et al., 2006; Reid et al., 2007; Volp et al., 2008). Two of these trials could not be
included in a meta-analysis as they did not report the necessary data (Mazlan et
al., 2006; Volp et al., 2008) (Cardio-metabolic review, energy intake and eating
motivation chapter). Five further trials were identified following the consultation
on the draft report (Reid et al., 2010; Aeberli et al., 2011; Njike et al., 2011; Reid et
al., 2014; Sorensen et al., 2014). Four of the trials were included in the updated
meta-analysis described in paragraphs 6.19 and 6.20 (Reid et al., 2010; Aeberli et al.,
20M; Njike et al., 2011; Reid et al., 2014). Sorensen et al. (2014) reported on the same
trial as Raben et al. (2002) with additional analyses from a subset of participants;
therefore only results from the earlier publication were used in the updated meta-
analysis.

619 There is variation in study design with respect to how the sugars intervention
is delivered. In five of the trials, the intervention involves substitution of the
macronutrient content of the diet (e.g. in the fat to carbohydrate ratio and the
carbohydrate constituents) (Drummond & Kirk, 1998; Saris et al., 2000; Poppitt et
al., 2002; Brynes et al., 2003; Drummond et al., 2003). In six trials, the intervention
predominantly involves the replacement of sugars with non-caloric sweeteners,
particularly in drinks (Raben et al., 2002; Reid et al., 2007; Reid et al., 2010; Njike
et al., 2011; Aeberli et al., 2011; Reid et al., 2014). None of the included trials has an
energy restriction goal and the first follow up at the end of the intervention ranges
from 4 weeks to 6 months.

6.20 The data extracted from the trials are summarised in Table A9 (Annex 9). In the
systematic reviews, meta-analyses of randomised controlled trials use a mixture
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of both end of trial and change from baseline outcome measure values depending
on what was reported in the study. Using results from the end of the trials affects
estimates of effect size, but in this case particularly misrepresents the findings from
Drummond et al. (2003). Therefore, in order to better quantify the intervention
effects, an updated meta-analysis has been performed using between-treatment
change from baseline values. Where studies included more than two intervention
arms, the most comparable groups were chosen ie. those groups that were
most similar with respect to the background diet except for the intake of sugars.
None of the trials, except for Saris et al. (2000), provided change from baseline
variance data or the adjusted difference in means using the ANCOVA method.
Therefore a correlation coefficient had to be derived to enable computation of
the variance data, as recommended in the Cochrane Handbook. The variance was
estimated from a correlation coefficient of energy intakes reported in another
study (Howard et al., 2006). As the estimated correlation coefficient defines how
strong the correlation is in the data to which it is applied, this approach relies on
large assumptions and its use must be treated with caution. It was not possible to
obtain change from baseline data for three trials; two did not report baseline data
(Njike et al., 2003; Brynes et al., 2003) and one did not provide baseline variance
data (Poppitt et al., 2002), meaning that end of trial values had to be used for these
studies.

The updated meta-analysis demonstrated that relative changes (increases
or decreases) in the dietary intake of sugars result in corresponding relative
differences in energy intake (1.01 M)/day, 95% Cl 0.70, 1.32; p=<0.001) (241 kcal/
day 95% Cl 163, 315) (see Figure A9.2 in Annex 9). With the exception of one ‘pilot
study’ (Drummond et al., 2003), the same direction of effect was observed in every
identified trial (including those that could not be included in the meta-analysis).
The findings of these trials suggest that there is inadequate energy compensation
(degree of voluntary reduction in intake of other foods or drinks), for energy
delivered as sugar. Because energy intake in excess of requirements causes weight
gain over time, higher energy consumption is deemed to be detrimental to health.
Despite the variation in study design, the outcomes of the included trials are fairly
consistent, with no heterogeneity between the studies being identified (>=0%).

To explore how analysing these data using a between-treatment change from
baseline approach affected the outcome, another meta-analysis was conducted
using end of trial data, except in the case of Saris et al., 2000 and Drummond
et al., 2003 (see Figure A91 in Annex 9). This analysis yielded a similar, but larger,
effect size (111 MJ/day, 95% Cl 0.78, 145; p=<0.001) (265 kcal/day, 95% CI 186,
346). Therefore the approach described in the paragraph above provides a more
conservative estimate of effect size.



Sugars and energy intake

o Effect

e Adequate evidence

e The direction of the effect demonstrates that greater consumption of sugars is
detrimental to health

e The effect is biologically relevant at a population level in free living individuals not
subject to energy restriction

Type 2 diabetes mellitus

6.23  Five cohort studies were identified that presented evidence on diets differing in
the proportion of sugars in relation to incidence of type 2 diabetes mellitus, of
which three were included in a meta-analysis (Hodge et al., 2004; Barclay et al.,
2007; Montonen et al., 2007). Two studies could not be included in a meta-analysis
as they did not report the necessary data (Feskens et al., 1995; Janket et al., 2003).
One cohort study was subsequently identified in the update search (Sluijs et al.,
2010) (Cardio-metabolic review, diabetes and glycaemia chapter; Update search).

6.24 The heterogeneity was above the pre-specified cut-off of 75% (1>=82%) therefore
the pooled estimate has not been reported, but the studies provide no consistent
evidence of an association between diets differing in the proportion of sugars in
relation to incidence of type 2 diabetes mellitus. The cohort study identified in
the update search reports no significant association between sugars intake and the
incidence of type 2 diabetes mellitus.

Sugars (g/day) and type 2 diabetes mellitus

® No association
e Limited evidence

Blood glucose

6.25 Five randomised controlled trials were identified that presented evidence on diets
differing in the proportion of sugars in relation to fasting blood glucose (Ryle et
al.,1990; Surwit et al., 1997; Bantle et al., 2000; Saris et al., 2000; Black et al., 2006).
No further trials were identified in the update search (Cardio-metabolic review,
diabetes and glycaemia chapter).

6.26 Due to the diverse range of sugars interventions used in these trials, it is not
appropriate to combine them in a meta-analysis. One compares a higher glucose
diet to a higher fructose diet (Bantle et al., 2000); one compares a higher glucose,
lower soluble fibre diet, which includes a guar preparation, to a lower glucose,
higher soluble fibre diet (Ryle et al.,, 1990); one compares a higher sucrose group
and a lower sucrose group (Black et al., 2006) and one randomises subjects to
three diets: lower fat, higher ‘simple carbohydrates’; lower fat khigher ‘complex
carbohydrates’; and a control group (Saris et al., 2000). Two of the trials are weight
loss trials (Bantle et al., 2000; Saris et al., 2000). All the trials report no significant
effect of diets differing in the proportion of sugars in relation to fasting blood
glucose concentration. One of the trials measured day-long area under the curve
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insulin (Bantle et al.,, 2000), whereas the other trials measured both fasting insulin
and area under the curve oral glucose tolerance test insulin.

Sugars and fasting blood glucose concentration

* No effect
e Limited evidence

Blood insulin

Four randomised controlled trials were identified that presented evidence on diets
differing in the proportion of sugars in relation to blood insulin concentration
(Ryle et al.,1990; Bantle et al., 2000; Saris et al., 2000; Black et al., 2006). No further
trials were identified in the update search (Cardio-metabolic review, diabetes and
glycaemia chapter).

Due to variation between the different methodologies used to measure insulin
concentration, it was not possible to conduct a meta-analysis. Three trials
that compare diets higher and lower in sugars report no significant effect of
diets differing in the proportion of sugars in relation to fasting blood insulin
concentration (Ryle et al., 1990; Saris et al., 2000; Black et al., 2006). One trial
reports that subjects fed a higher fructose diet have lower day-long area under the
curve i