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1. Introduction

The Food Standards Agency asked the Scientific Advisory Committee on Nutrition (SACN)
to consider which components should be included in the definition of dietary fibre and to
review the available evidence on potential dietary fibre components.

To enable SACN to assess the available evidence the Food Standards Agency with SACN
input commissioned Human Nutrition Research (HNR), Cambridge (via competitive tender)
to undertake a comprehensive review of the health effects of potential dietary fibre
components following the guidelines outlined in the SACN framework for the evaluation of
evidence (2002)
(www.sacn.gov.uk/reports_position_statements/reports/risk_assessment.html)

This paper was used as a background paper to enable SACN to produce a position statement
the “SACN statement on Dietary Fibre” (www.sacn.gov.uk)

A summary of the evidence reviewed is presented in appendices A-E of this document.
2. Method

A narrative synthesis of the health effects of potential dietary fibre components was produced
using the SACN  Framework for the Evaluation of Evidence (2002)
www.sacn.gov.uk/reports_position_statements/reports/risk _assessment.html

2.1 Literature

The literature review was based on a structured search of the electronic bibliographic database
PubMed, and also the reference lists from relevant primary studies, meta analyses and review
articles, including the WHO/FAO Scientific Update on Carbohydrate and Human Nutrition
(2007), the CRC Handbook of Dietary Fibre in Human Nutrition, the Institute of Medicine of
the National Academy of Sciences, Report on the Dietary Reference Intakes for
Macronutrients, the WCRF Report on Food, Nutrition, Physical Activity and the Prevention
of Cancer (2007) and research registers, such as The Cochrane Controlled Trials Register.
The types of study that were included for the narrative synthesis were randomised control
trials, acute experimental studies, prospective cohort and cross sectional studies.



2.2 Search terms and inclusion/exclusion criteria
2.2.1 Obesity and metabolic disease

The following criteria were used to help identify journal articles to be included in the review.

Articles were included if:

- They were carried out in human subjects and reported in English

- Fibre was quantified and measured using the AOAC method, Asp method, Englyst
method, Southgate method, or Neutral Detergent Fibre for insoluble fibre.

- For effects on body weight: studies reported either body weight as an outcome or another
shorter-term outcome with a plausible link to body weight (including appetite, energy
intake/expenditure hormones linked to satiety)

- For effects on metabolic health: studies reported type 2 diabetes incidence or another
shorter-term outcome with a plausible link to this endpoint (including fasting or
postprandial glucose/insulin, insulin sensitivity, glucose tolerance)

Exclusion criteria were as follows:

‘Crude fibre’ was used to define fibre

- Multiple dietary/lifestyle factors were changed such that the effect of fibre could not be
separated from that of other dietary/lifestyle factors

- For weight and diabetes outcomes (but not shorter-term metabolic outcomes) cross-
sectional observational studies were excluded because of the potential for reverse-
causality

- Studies including subjects who were diabetic at the point of inclusion in the study (as
treatment of diabetes was not considered in the report)

- Blood pressure and cholesterol/triacylglycerol outcomes were excluded from the obesity
section as these were for considered in the context of cardiovascular

A PubMed search was performed using the following terms:

- Fiber OR Fibre OR Non-starch polysaccharide OR Resistant starch OR Fructo(-)
oligosaccharide OR Galacto(-)oligosaccharide OR Polydextrose OR Inulin OR Lignin

AND

- Weight OR Obesity OR Obese OR Overweight OR BMI OR Hunger OR Satiety OR
Fullness OR Appetite OR Insulin OR Glucose OR Diabetes OR Metabolic

7545 articles were identified; 595 were potentially relevant and abstracts examined in further
detail; 242 full papers were obtained for consideration; 159 of these were relevant for
inclusion. A further 42 papers were identified for inclusion from scrutiny of reference lists of
journal articles and book chapters.

2.2.2 Cardiovascular disease

The following criteria were used to help identify journal articles to be included in the review.

Articles were included if:

- They were carried out in human subjects and reported in English

- The fibre content was measured using the method of the Association of Official
Analytical Chemists (AOAC), the Englyst method, Southgate method (or Neutral
Detergent Fibre (NDF) in the case of insoluble fibre sources)

- They reported blood lipid fractions (i.e. total cholesterol, low density lipoprotein
cholesterol, high density lipoprotein cholesterol, and/or triacylglycerol) or blood pressure.

- They specified the amount and the type of dietary fibre employed*



* Observational studies were included if the quantity of total dietary fibre could be
determined from whole grain intake. If for example, dietary fibre (g/d) was tabulated
according to quartile or quintiles of whole grain intake and met the other predetermined
inclusion criteria, an observational study examining the association between dietary fibre
intake and cardiovascular disease was included.

Articles were excluded if:

- Fibre content was defined as ‘crude fibre’.

- The intervention was of a short duration (< 3 weeks)*

- Participants were taking lipid-lowering drugs or antihypertensive medication**

- Participants achieved significant weight loss (pre Vs post treatment)***

- A dietary portfolio (combination diet) was the intervention, e.g. the prescribed diet
included plant sterols, soy protein, viscous fibres, and nuts etc.

- If the study reported C-Reactive Protein (CRP) as an intermediate marker of
cardiovascular disease. It was considered that raised CRP levels were not a suitable
indicator of disease related to atherosclerosis, especially in an epidemiological setting.
Raised CRP measures may reflect inflammation in the body associated with infection and
disease independent of cardiovascular disease.

* In proposing to authorise the use on food labels of health claims on the association between
oat products and reduced risk of coronary heart disease, the Food and Drug Administration
(1994) considered whether the intervention studies that it evaluated were of long enough
duration to ensure stabilization of blood lipids (greater than or equal to 3 weeks duration).

** Studies were included if only a small number of the participants were reported to be taking
medication to treat hyperlipidemia or to treat hypertension.or where participants were taking a
stable dose of lipid-lowering or antihypertensive drugs the study has been included in the
review.

In some instances a meta-analysis was taken as the starting point from which to search for
relevant scientific literature. This was the case for several types of soluble fibre. The meta-
analysis of Brown et al (1999) included 67 controlled trials and quantified the cholesterol-
lowering effect of oat products, psyllium, pectin and guar gum. Studies published from 1966
to June 1996 were included in this meta-analysis. Relevant journal articles published
subsequent to these dates were considered in relation to this review.

A literature search was also carried out on studies relating concerned with the relating blood
pressure to fibre intake published subsequent to the meta-analysis of Streppel et al (2005).

A PubMed search was performed using the following terms:

- Fiber OR Fibre OR Oligosaccharide OR Resistant starch OR Fructo(-)oligosaccharide OR
Galacto(-)oligosaccharide OR Polydextrose OR Inulin OR Lignin

AND

- Cholesterol OR Cardiovascular disease OR Blood lipids OR Blood pressure OR
Hypertension OR Guar gum OR Psyllium OR Pectin



2.2.3 Colorectal cancer

The following criteria were used to help identify journal articles to be included in the review.
Articles were included if:

- They referred to human subjects and reported in English

- They specified the amount and the type of dietary fibre investigated

- The fibre content was measured using the method of the Association of Official
Analytical Chemists (AOAC), the Englyst method, Southgate method (or Neutral
Detergent Fibre (NDF) in the case of insoluble fibre sources)

- They reported incident colon, rectal or colorectal cancer, and/or incidence or recurrence of
colorectal adenoma.

Articles were excluded if:

- Effect estimates for fibre as a main exposure were not given

- Data were not prospective

- The amount of fibre consumed per day was not given

- A combination diet was the intervention, e.g. the prescribed diet included increased fibre
and reduced fat content

- Fibre content was defined as ‘crude fibre’

- More than a single type of fibre was incorporated into the fibre supplement

Search Terms/Strategy

A PubMed search was performed using the following terms:

Fiber OR fibre OR resistant starch
AND

colorectal cancer OR colon cancer OR colorectal adenoma

Reference lists of appropriate meta-analyses such as the WCRF 2007 report on Food,
Nutrition, Physical Activity, and the Prevention of Cancer, the Pooling Project of Prospective
Studies of Diet and Cancer and the Cochrane Review on dietary fibre for the prevention of
colorectal adenomas and carcinomas were scrutinised for additional relevant papers. Initial
searches in PubMed: 197 papers, of which 22 were included. Searching of reference lists led
to a further 4 papers. Searches using ‘colorectal adenoma’ instead of ‘colorectal cancer’
produced no additional papers. 26 prospective investigations involving 17 cohort studies
(table 1C) and 2 RCTs with single interventions published between 1989 and 2007 were
reviewed (table 2C). Studies using aggregate data, such as ecological studies, were not
reviewed as the effects of an individual’s dietary intake of fibre on their risk of colorectal
cancer are difficult to determine using group level data on average intakes and disease rates.



2.2.4 Colonic function

The following criteria were used to help identify journal articles to be included in the review.

Articles were included if:

- They referred to human studies and were in English

- They specified the amount and the type of dietary fibre employed

- The fibre content was measured using the method of the Association of Official
Analytical Chemists (AOAC), the Englyst method, Southgate method (or Neutral
Detergent Fibre (NDF) in the case of insoluble fibre sources)

- They reported faecal output in g/d, collected from at least a 24 hour collection of all stools
passed.

Articles were excluded if:

- The faecal measure was something other than daily faecal output in g/d, including
measures of ‘stool” weight (generally obtained where only one stool was collected.)

- Fibre content was defined as crude fibre.

Search Terms/Strategy

A PubMed search was performed using the following terms:

- Fiber OR Fibre OR Resistant starch OR Fructo(-)oligosaccharide OR Polydextrose OR
Inulin OR Lignin

AND

- Colon OR Bowel OR Faecal OR fecal

Additionally, a manual search was made using reference lists of original research articles and
review articles to help identify any further relevant articles.

2.2.5 Prebiotics

The following criteria were used to help identify journal articles to be included in the review.
Articles were included if:

They refer to candidate materials which fulfilled the prebiotic requirement criteria set out by
(Gibson et al, 2004):
e resists gastric acidity, hydrolysis by mammalian enzymes and gastrointestinal
absorption
e is fermented by intestinal microflora
e selectively stimulates the growth and/or activity of intestinal bacteria associated with
health and well-being.
- They were reported in the English language
- They were in human subjects, including infants

Articles were excluded if:
- They did not fully meet the three prebiotic criteria

A PubMed search was performed using the following terms:

- Prebiotic OR Bifidobacteria OR Lactobacilli OR Inulin OR Fructo(-)oligosaccharide OR
Galacto(-)oligosaccharide OR Lactulose

Excluded terms:



- Non-selective saccharolytic fermentation OR Proteolysis OR Upper gut absorption OR
Clinical situations

Reference lists of recent books on prebiotics were also searched for articles fulfilling the
above search criteria.

2.3 Presentation of data

The data were extracted from papers and tabulated in accordance with the SACN framework.
Where the term fibre is used in the review it reflects the terminology used by the author of the
paper and does not necessarily reflect SACNs opinion.

3. Results

Results for all sections are presented in the tables the appendices A-E.

3.1 Obesity and metabolic health

Studies investigating fibre intake and weight related outcomes, type Il diabetes and metabolic
risk factors are listed in Tables 1A-14A. Metabolic risk factors include measures of insulin
sensitivity and glucose response.

Evidence from four of the five prospective cohort studies identified suggest that increasing
amounts of total fibre (as determined by AOAC method) in the diet are associated with lower
body weight and waist circumference (Table 1A). There is no evidence for an association of
fibre intake with weight change in children.

Prospective studies investigating total fibre intake and the incidence of type 2 diabetes are
detailed in Table 2A. In terms of total fibre, the evidence is inconsistent. For cereal fibre, nine
of the ten studies observed that increasing intake significantly reduced the risk of type 2
diabetes, but overall, the evidence does not support a positive association for fibre from fruit,
vegetables or legumes on the outcomes investigated. Two of three studies observed an
association with insoluble fibre intakes, but no association with soluble fibre (Meyer et al
2000; Montonen et al 2003). Seven of the nine cross sectional studies (table 3A) reported an
association between fibre intake and various measures of insulin sensitivity and glucose
tolerance.

Intervention studies have investigated the relationship between fibre supplements and food
sources of fibre on weight and related outcomes such as energy intake and excretion (Tables
4A-8A). Although different forms of fibre have been administered, in general those studies
that have provided, fibre as part of ad libitum diet or in the context of healthy eating regimens
have not shown conclusive evidence that fibre intake in general is related to weight related
outcomes. However, supplementation appears to be efficacious in overweight and obese
subjects when dietary advice is given. The balance of evidence suggests that fibre
supplementation with certain fibres in sufficient amounts is more likely to be efficacious in
assisting weight loss as an adjunct to a weight-reducing diet in overweight and obese subjects
(Table 6A). It should be noted that, due to the variation in study duration, and fibre types and



amounts, it is difficult to draw conclusions about the overall role of fibre intake in relation to
the more important outcome of long term weight loss. There is no evidence to suggest an
effect of fibre supplementation on weight control in children (Table 9A); this is consistent
with the evidence from observational studies.

Studies evaluating the effect of fibre supplementation on metabolic risk factors such as insulin
sensitivity and glucose tolerance are listed in Tables 10A-13A. There is heterogeneity in the
study designs, and fibre types and amounts, but overall, beneficial effects of supplementation
have been reported when more sensitive measures, such as the euglycaemic
hyperinsulinaemic clamp have been used, with fewer effects seen in those studies using
fasting measures. This suggests that any effect size is likely to be small. Furthermore,
improvements in metabolic risk factors have generally been observed in subjects at higher
metabolic risk, with very little evidence to suggest that insulin sensitivity or glucose tolerance
can be further improved in healthy subjects. A wide range of supplements has been used in
these studies, with few direct comparisons between types of fibre, making it difficult to draw
conclusions about health benefits of different components. These data suggest that there may
be some beneficial effect of increasing total fibre/non starch polysaccharide intake in reducing
metabolic disease risk, independent of weight.

In terms of insulin sensitivity and glucose tolerance, only a small number of studies have
investigated the effects of resistant starch (Table 11A), isolated oligosaccharides (Table 12A),
or polydextrose (Table 13 A). The four studies which have assessed the effect of resistant
starch suggest that it could have a positive effect on insulin sensitivity and glucose tolerance;
however, further research is required to confirm this relationship. There is insufficient
evidence to show an association between oligosaccharides, inulin, or polydextrose on weight
outcomes or metabolic profiles.

Table 14A lists acute experimental feeding studies, which have investigated immediate post-
prandial effects associated with the consumption of fibre and subsequent glucose and insulin
responses. There is a trend towards reductions in post-prandial glucose and insulin levels with
a number of different sources of fibre, especially resistant starch, oat bran and guar gum.
Some studies have reported transient increases in satiety with specific fibres, but there is
much less evidence that these fibres produce decreases in food intake at later meals. The
limited number of studies, together with the diversity of study design and outcome measures
makes it difficult to draw clear conclusions on the acute effects of different types of fibre and
whether any effects may translate into long term health benefits.

3.2 Cardiovascular disease

Studies investigating fibre and cardiovascular disease risk are listed in Tables 1B-18B. The
majority of studies have focussed on lipid outcomes (cholesterol and triglyceride levels) with
only a few measuring the effect of fibre intake on blood pressure or disease endpoints.

Prospective studies investigating cardiovascular disease risk are detailed in Table 1B: of the
six studies five measured disease end points. Two studies reported that total fibre (Jensen et al
2004; Pietinen et al 1996b) and cereal fibre intake (Pietinen et al 1996b; Wolk et al 1999)
decreased the risk of cardiovascular disease. Four cross-sectional studies were identified that
evaluated the effect of fibre consumption on lipid outcomes (Table 1B). Of these two
observed that increasing total fibre intake was related to lower cholesterol levels (McKeown



et al 2002; Newby et al 2007). Newby et al (2007) also noted an association with cereal fibre.
In terms of observational studies, the findings are inconsistent, thus making it difficult to draw
any firm conclusions about fibre intake and cardiovascular disease.

RCT’s which have investigated the effect of supplemention with various components on lipid
profiles are listed in Tables 6B-16B. In terms of oat products: the 13 of the 16 studies
demonstrated that consumption of soluble fibre had significant effects on lowering total- and
LDL-C levels (Tables 5B and 6B). Psyllium intake was also associated with lower total or
LDL-cholesterol levels in three out of five trials (Table 7B and 8B). Data from a meta-
analysis of 67 RCT’s looking at the outcome of different types of fibre on the levels of blood
lipids, which included 17 on oat products, 17 on psyllium, 7 on pectin and 18 on guar gum
was also considered (Brown et al 1999). Taken together with the studies presented in the
tables, the evidence suggests that soluble fibre, in particular that from oats, psyllium, pectin
and guar gum may be effective in lowering total cholesterol and LDL cholesterol.

Three of the intervention studies (Behall et al 2004a; Behall et al 2004b; Keenan et al 2007)
which investigated barley products were identified (Table 10B) demonstrated that fibre from
barley could be effective in lowering total and LDL cholesterol concentrations in
hypercholesterolemic subjects.

The findings from trials investigating isolated polysaccharides, wheat, fibre supplement
mixtures, legumes, resistant starch and oligosaccharides and inulin are inconsistent (Tables
11B-16B), therefore there is insufficient evidence to conclude whether these different
components are associated with lipid outcomes. In terms of legumes, three out of the five
studies (Cobiac et al 1990; Fruhbeck et al 1997; Pittaway et al 2006; Anderson et al 1990)
suggested that fibre from this source may have a cholesterol lowering effect (Table 14B),
However, due to limitations in study design, it is difficult to draw any firm conclusions.

Studies investigating the effect of fibre intake on blood pressure are listed in Tables 3B, 4B,
17B and 18B. There is insufficient evidence from the five observational (prospective and
cross sectional) and four intervention studies to demonstrate that dietary fibre has any effect
on blood pressure. These studies were considered in addition to a meta-analysis of 24 trials
investigating fibre supplementation with blood pressure (Streppel et al 2005), which overall
did not find any evidence for an association.

3.3 Colorectal cancer

Studies which have evaluated the effect of fibre intake and the risk of colorectal cancer and
adenoma are listed in Tables 1C-7C. The majority of the data were derived from prospective
cohort studies with only two RCT’s reporting on the effect of fibre supplementation.

For colorectal cancer the evidence was variable, with eight out of 17 cohort studies finding no
statistically significant association after multiple adjustment for confounding factors between
AOAC determined dietary fibre and colorectal cancer (Table 1C). Of these, the EPIC Europe
study was one of the largest studies, and utilised the techniques of increased dietary
heterogeneity and calibration to reduce measurement error. This study showed a strong
protective effect of dietary fibre.



Nine studies have investigated the link between fruit, vegetable and grain sources of fibre and
colorectal cancer (Bingham et al 2003; Bingham et al 2005; Fuchs et al 1999; Giovannucci et
al 1994; Lin et al 2005; Michels et al 2005; Nomura et al 2007; Schatzkin et al 2007; Terry et
al 2001; Wakai et al 2007; Willett et al., 1990) (Table 6C). and most of these reported no
significant effect. Two of the studies which involved an increased intake of vegetable fibre,
and one study investigating grain fibre, reported a reduced the risk of colorectal cancer. Of
the two cohort studies which assessed the intake of soluble and insoluble fibre in relation to
the risk of colorectal cancer (Table 7C), one found an association with insoluble fibre.

It should be noted that all but one of the cohort studies (Pietinen et al 1999) on dietary fibre
and colorectal cancer measured total fibre, as determined by the AOAC method. This method
does not allow separation into the different components, therefore the individual fibre
components cannot be directly associated with risk of colorectal cancer. In addition, there are
no reliable biomarkers of fibre intake, and it is possible that measurement error in dietary
assessment leading to misclassification of exposure may have affected the results of the
observational studies.

Table 3C details five cohort studies investigating the risk of colorectal adenoma with total
fibre intake. Of these, two studies reported an association with adenoma occurrence
(Giovanucci et al 1992; Peters et al 2003). Three studies have distinguished between fibre
from fruit, vegetable and grain sources and risk of colorectal adenoma (Giovannucci et al
1992; Jacobs et al 2002; Platz et al 1997) (Table 4C). Two of these studies showed a
decreased risk of adenoma with fruit fibre intake and only one study found an association
with vegetable and grain fibre. Platz et al (1997) reported that soluble fibre intake was
associated with a decreased risk of adenoma; however, this was the only study which
quantified soluble and insoluble fibre in the diet (Table 5C).

Table 2C lists two RCTs (The Wheat Bran Fibre Trial (WBFT) and European Cancer
Prevention Organisation Intervention Study (ECPOIS)) which evaluated fibre
supplementation and colorectal adenoma reoccurrence (Alberts et al 2000; Bonithon-Kopp et
al 2000). These both investigated wheat bran and psyllium supplements, respectively, and
found no evidence of an effect on subsequent adenoma risk. Therefore there is insufficient
evidence from trials that dietary fibre components can reduce the occurrence of colorectal
adenoma.

The findings suggest that increased overall fibre intake may reduce cancer risk; however
further evidence is required to confirm this observation. On balance, due to the paucity of data
and inconsistent findings, there is not enough evidence to conclude whether specific forms of
fibre intake have an association with the risk of colorectal cancer or adenoma.



3.4 Colonic function

Studies which have evaluated the effect of intake of different types of ‘dietary fibre’ and
colonic function are listed in Tables 1D-4E.

There are very few observational studies where diet has been assessed accurately and faecal
collections made for sufficient periods to evaluate the effect of dietary fibre on faecal output
in free-living individuals, so that intake of ‘dietary fibre’ that may contribute to faecal output
can be examined. These are listed in table 1D.Colonic function as determined by faecal
weight has been demonstrated to relate to NSP intake (Davies et al 1986; Cummings et al
1992; Birkett et al 1997) but not intakes of starch or resistant starch (Birkett et al 1997).

Several small intervention studies have investigated the effect of ‘fibre’ components including
fibre from grains and vegetables, isolated polysaccharides, resistant starch and
oligosaccharides on faecal weight. Results are presented in tables 2D-4D.

The mean increase in daily faecal weight was greater for components such as wheat bran
(5.4g/g) followed by fruit and vegetables (4.1g/g), gums such as psyllium (4g/g), soya
products (2.5g/g) and pectin least of all (1.2g/g) (Cummings 2001). It should be noted that
many of these studies were only on a small number of subjects and were insufficiently
powered.



Table I1: Summary of studies on effect of dietary fibre on faecal weight (from Cummings,
2001)

Mean increase in
Fibre type or Number daily faecal weight ~ Comments

source of studies g/g Dietary Fibre
fed (SEM)

Wheat 41 5.4(0.7) Mainly bran. Raw 7.2 g/g;
cooked 4.9 g/g

Fruit and 28 4.1 (0.7) Carrot, cabbage, peas, apple,

vegetables potato, banana, prunes, mixed
sources

Gums and 27 3.7 (0.5) Psyllium/ispaghula 4.0 g/g

mucilages (n=14); gum Arabic 4.0 g/g
(n=9); tragacanth, sterculia,
bassara, xylan, agar

Cellulose 7 3.5(0.8) Also  carboxymethylcellulose,
4.9 g/g (n=3), methylcellulose
8.9 g/g (n=4)

Oats 4 3.4 (1.1) Oat bran or oats

Corn 5 3.3(0.3) Corn meal or bran

Legumes 17 2.2(0.3) Soya products 2.5 g/g (n=11)

Pectin 11 1.2 (0.3) Degree of methoxylation not
important

Intervention studies have investigated the effect of fibre from various grains including wheat,
rye and barley. Only one study investigating wheat was identified (a wheat fibre supplement;
Fibrotein) (Vuksan et al 1999) and this increased faecal bulk significantly compared to the
negative control group (P<0.01). Based on the two studies (Grasen et al 2000;Mclntosh et al
2003) in table 2D, rye would appear to have a significant effect on faecal weight and transit
time. Three intervention studies investigating barley were identified (Bird et al 2008, Li et al
2003, Lupton et al 1993) and demonstrated that barley significantly increased faecal weight.
A number of studies investigated various new fibre supplements made from plant sources (see
table 2D iv) including sugar beet (Castaglia-Delavind et al 1998), potato (Cherbut et al 1997)
and flax (Dahl et al 2005). Overall these plant sources have a significant effect on stool
weight. Fours small intervention studies (Chen et al 2006; Chaplin et al 2000; Daly et al 1993
and Robinson et al 2001) investigated isolated polysaccharides in the form of powders and
gels. Overall these did not provide evidence of stool bulking.



Seven intervention studies on resistant starch and colonic function were reviewed by,
Cummings et al (2001). These described 11 treatments where the effects of resistant starch on
colonic function were studied. Several of these investigated the same resistant starch product,
namely Hylon VII, either RS, or RSs. Four studies (Jenkins et al 1998; Behall et al 2002;
Muir et al 2004; Grubbens et al 2001) were considered in addition to those reported by
Cummings et al. (see table 3D). Overall, resistant starch has a modest effect on faecal weight
(Cummings et al 2001; Jenkins et al 1998; Behall et al 2002; Muir et al 2004; Grubbens et al
2001) and this could not be considered of a size which would make it appropriate for
consideration as a dietary fibre according to this criterion

Table I: Effects of resistant starch on faecal weight (Cummings 2001)

Reference Source of RS Number  Amount Increase  in
of of RS fed daily faecal
subjects (9) weight

(9/g RS fed)

Cummings et al

(1996) Potato RS2 9 26.8 1.6

Cummings et al

(1996) Banana RS2 8 30.0 1.7

Cummings et al

(1996) Wheat RS2 9 17.4 2.5

Cummings et al .

(1996) Maize RS2 8 19.0 2.7

Heijnen et al

(1998) Hylon VIIRS2 23 32 1.4

Heijnen et al

(1998) Hylon VIIRS3 23 32 22

Hylla et al

(1998) Hylon VII 12 55 0.8

Silvester et al Mixed potato RS2 3 40 0.9

(1997) and Hylon VII ’

Phillips et al .

(1995) Mixed food sources 11 39 1.8

Tomlin and Read

(1990) Cornflakes 8 10 -1.9

Van Munster et al

(1994) Hylon VII RS2 14 28 1.0

Ten studies on oligosaccharides and inulin are summarised in table 4D. Overall
oligosaccharides (Alles et al 1999; Bouhnik et al 2007; Brighenti et al 1999;; Chen et al
2001;Molis et al 1996; Ten Bruggencate 2006) and inulin (Causey et al 2000; Den Hond et al
2000; Sairanen et al 2007) had very little effect on faecal weight or transit time when these
materials are fed and hence an effect on faecal weight is not a criterion that is satisfied by
these materials to enable them to be considered dietary fibre.



In addition, several studies reported no significant change in SCFA concentration (Alles et a
1999; Causey et al 2000) and two studies (Chen et al 2001; Scholtens et al 2006) reported a
decrease in butyrate concentration. Four studies investigated diets with mixed fibre sources
from fruit, vegetables and/or grains. All four studies reported an increase in faecal weight
when fibre was increased in the diet.

3.5 Prebiotics

Studies which have evaluated the effect of prebiotics on the gut microflora in adults and
infants are detailed in tables 1E and 2E. Studies investigating prebiotics were of short
durations (often days or weeks) and on a very small number of human subjects. Overall
studies demonstrate that lactulose, fructo-oligosaccharides and galacto-oligosaccharides
significantly increased bifidobacteria but as yet there is no convincing evidence that as
potential fibre components they confer any specific health benefit to the human host.

4. Interpretation of results

In formulating a recommendation SACN considered the strength of the available evidence
from both intervention and observational studies. Consideration was given to the sample size,
dose, duration and significance of the studies presented.

There were concerns regarding the quality of some studies presented in the report and where
there appear to be conflicting results in outcomes, this may be accounted for by differences in
study quality. Furthermore, studies have often poorly characterised the fibre components
under investigation as in the use of AOAC method to determine fibre or the use of generic
terms such as soluble or insoluble fibre. Therefore, making it difficult to distinguish which
specific components could be contributing to any associations observed or readily compare
the findings of different studies.

In addition consideration was given to whether the studies demonstrated a clear physiological
effect on human health.

The data presented in the appended tables will contribute to the cardio-metabolic health and
colorectal health sections of the SACN Carbohydrate and Health report once the committee
have finished their deliberation.

5. SACN recommendation

SACN consider that a material can be considered as dietary fibre if it is resistant to digestion
and absorption in the small intestine and has a demonstrable physiological effect potentially
associated with health benefits in the body, such as increasing stool bulk, decreasing intestinal
transit time or decreasing post prandial glycaemia. Evidence only of increased fermentation in
the gut should not be included under this definition, since although this has a direct effect on
the microflora, it must also be shown to have a demonstrable benefit to the host to be
considered as dietary fibre.



6.0 Carbohydrate definitions
Monosaccharides- single sugar molecules e.g. glucose, fructose galactose.

Disaccharides- consist of two monosaccharides linked together e.g. sucrose, lactose, maltose,
trehalose.

Oligosaccharides- short chain carbohydrates comprising of 3-9 monomers joined together by
glycosidic linkages.

Polysaccharides- long chain carbohydrates comprising of > 10 monomers.
Sugars- monosaccharides, disaccharides and polyols (sugar alcohols).
Alpha glucans- oligosaccharides with an alpha linkage between monomers.

Inulin, Fructooligosaccharides (FOS)- non-a-glucan oligosaccharides, known as fructans,
and are the storage component of artichokes and chicory.

Polydextrose -non- a—glucan oligosaccharide.

Galactooligosaccharides (GOS)/ milk oligosaccharides- oligosaccharides found in milk,
which principally contain galactose.

Non starch polysaccharide (NSP)- non- a -glucan polysaccharides that are mainly found in
the plant cell walls and consist of a large umber of monosaccharides. This includes cellulose,
hemicellulose, pectin, arabinoxylans, plant gums, B-glucans.

Pectin- an NSP which is common to all cell walls.

Gums/mucilages- an NSP which is which is chemically related to the cell wall, but is not
strictly a cell wall component. Plant gums are sticky exudates which are formed at the site of

injury e.g. guar gum.

Starch- the storage carbohydrate of plants, such as cereals, root vegetables and legumes, and
consists of only glucose molecules.

Resistant starch- the sum of starch and products of starch digestion (such as maltose,
maltotriose and a-limit dextrins) that are not absorbed by the small bowel.

Prebiotic- a non-digestible food component that stimulates the growth and/ or activity of the
bacteria in the bowel.

Lignin- non-carbohydrate component associated with plant walls.

Englyst method- specifically determines NSP using an enzymatic-chemical method, which
can be modified to yield soluble and insoluble fractions.



American Association of Analytical Chemists (AOAC)/ enzymatic-gravimetric method-

Determines total, soluble and insoluble residue containing carbohydrate and non-carbohydrate
material in unknown proportions by measuring total residue weight and subtracting ash and
protein content.

Soluble fibre- relates to NSP components which can be rendered soluble by changing the pH
conditions. These generally undergo significant fermentation, and viscous forms of these may
also slow rates of glucose and lipid absorption from the small intestine”. Examples of soluble
fibres include pectin, beta-glucan (from oats and barley) and psyllium.

Insoluble fibre- NSP components that tend to undergo slow and incomplete fermentation and
can have a greater effect on bowel habit". Insoluble fibres are found in vegetables and
wholegrain products.

Available and unavailable carbohydrate- relates to carbohydrates which are available to the
body for metabolism (starch/soluble sugars), or those which are not (cellulose and
hemicellulose) and pass to the colon. It should be noted that carbohydrate reaching the colon
is still able to provide energy through fermentation and, therefore the definition is not exact.

Glycaemic carbohydrates- carbohydrates which provide glucose following digestion and
absorption in the small intestine e.g. mono- and disaccharides, some oligosaccharides
(maltodextrins), rapid and slowly digested starch.

Non-glycaemic carbohydrates- carbohydrates which pass to the large intestine e.g. other
oligosaccharides, resistant starch, NSP.

“The division between soluble and insoluble fibre is extremely pH dependent. Also, a large
proportion of insoluble fibres are completely fermented and not all soluble fibre have effects
on glucose and lipid absorption. Therefore, WHO have considered these definitions to be less
useful when characterising fibre components.
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Table 1A: Prospective studies of fibre intake and body weight/composition

Reference Subjects Determination of | Fibre intake Adjusted P/Ptrend” | Factors adjusted for
Cohort N (M/F) Age fibre result/OR/RR
Follow-up
Igbal et al (2006) 1,762 AOAC-defined total | Mean = SD (g/d) Mean change in body Baseline BMI, age, physical
(862/900) dietary fibre by 7 weight (kg) (B = SE) activity, smoking,
Danish 1936 cohort day weighed record per 1 kg/d increase education, cohort, dietary
(n=284) & 30-60 years (baseline) in fibre intake volume, energy intake
MONICA1 study
(n=1478) 5 years follow- M: 18.8 £ 7.3 8.6 £ 6.9 0.17
up
F: 13.9 £ 5.5 -22.3+ 13.4 0.10
Koh-Banerjee et al 16,587 (M) AOAC-defined total | Baseline / follow-up mean Mean waist change = Age, baseline waist,
(2003) dietary fibre by intake = SD (g/d): SE (cm) with 12 g/d baseline and change in
40-75 years FFQ increase in total fibre BMI, baseline and change
Health Professionals 40-49y: intake: in energy intake, change in
Follow-up Study 9 year follow- 188 +7.3/21.3+£7.1 smoking status, baseline
up 50-59y: -0.23 £ 0.09 0.008 and change in physical
21.1+6.7/22.7 7.3 activity, baseline and
60-75y: change in alcohol intake
22.3+7.4/24.2+7.6
Koh-Banerjee et al 27,082 (M) AOAC-defined total | Tertile median change in Mean weight change Age, baseline weight,
(2004) dietary fibre by intake (g/d): + SE (kg) baseline smoking status,
40-75 years FFQ baseline and change in
Health Professionals Total fibre 1.40 £ 0.20 <0.0001 other dietary factors
Follow-up Study 8 year follow- Q1: -5.2 1.04 £ 0.20 (including other fibre
up Q2: +0.5 0.39 £ 0.20 types), baseline and
Q3: +8.5 change in physical activity
Cereal fibre 1.30 £ 0.27 0.0004
Q1l: -2.2 1.15 + 0.26
Q2: +1.0 0.91 + 0.26
Q3: +5.1
Fruit fibre 1.59 = 7 <0.0001
Q1l: -2.2 0.96 + 0.26
Q2: +0.2 0.64 + 6
Q3: +3.7
Vegetable fibre 1.08 £ 0.27 0.8
Q1l: -3.2 1.26 = 0.26
Q2: 0.0 1.12 +£ 0.26
Q3: +4.1

A When data is reported across tertiles, quartiles or quintiles (up to Q3, Q4, or Q5) the values represent Ptrend
BMI- body mass index; FFQ Food frequency questionnaire




Reference Subjects Determination of | Fibre intake Adjusted P/Ptrend” | Factors adjusted for
Cohort N (M/F) Age fibre result/OR/RR
Follow-up
Lindstrom et al 500 AOAC-defined total | Quartile range Mean weight change Intervention group,
(2006a) dietary fibre by 3 (g/4.18M3J) year 1 to 3 (kg) gender, age, VLCD-use,
40-64 years day food record (LOCF) baseline weight, baseline &
Finnish Diabetes (mean of follow-up physical activity,
Prevention Study 3 year follow- intervention years Q1: <10.85 -0.4 0.001 baseline fibre intake (NOT
Cohort up from 3 year | 1-3) Q2: 10.85-13.00 -1.6 fat intake)
active Q3: 13.00-15.55 -2.5
intervention Q4: >15.55 -3.0
period
Quartile range Mean waist change
(g/4.18M3J) year 1 to 3 (cm)
(LOCF)
Q1: <10.85 -1.6 0.033
Q2: 10.85-13.00 -2.2
Q3: 13.00-15.55 -2.5
Q4: >15.55 -2.9
Liu et al (2003) 74,091 (F) AOAC-defined total | Quintile Mean *+ SE weight
dietary fibre by change (kg)
Nurses Health Study | 38-63 years FFQ Age, baseline BMI;
Q1 1.73 £ 0.03 <0.0001 changes in exercise,
2-4 years Q2 1.50 £ 0.03 smoking, HRT, alcohol,
follow-up Q3 1.37 £ 0.02 caffeine, total energy, SFA,
Q4 1.34 £ 0.02 PUFA, MUFA, transFA and
Q5 0.97 £ 0.02 protein
Ludwig et al (1999) 1,302 to 1,602 | AOAC-defined total | Quintile median (g/4.18MJ) Mean year 10 body Baseline weight, gender,
depending on dietary fibre by weight (kg) age, field centre,
CARDIA Study outcome FFQ White (n=1,602) education, energy intake,
Q1:5.2 79.2 <0.001 physical activity, smoking,
18-30 years Q5: 12.3 75.6 alcohol, vitamin
supplement use
10 year follow- Black (n=1,307) 0.001
up Q1:5.2 84.2
Q5: 12.3 80.6
Quintile median (g/4.18M3J) Mean year 10 waist-
to-hip ratio
White (n=1,598)
Q1: 5.2 0.813 0.004
Q5: 12.3 0.801
African-American (n=1,302)
Q1:5.2 0.809 0.05
Q5: 12.3 0.799

A When data is reported across tertiles, quartiles or quintiles (up to Q3, Q4, or Q5) the values represent Ptrend

BMI- body mass index; FFQ Food frequency questionnaire; SFA- saturated fatty acids; PUFA- polyunsaturated fatty acids; transFA- trans fatty

acids




STUDIES IN CHILDREN

Reference Subjects Determination of | Fibre intake Adjusted P Factors adjusted for
Cohort N (M/F) Age fibre result/OR/RR
Follow-up
Berkey et al (2000) 10,769 AOAC-defined total | Baseline mean age-specific Mean annual change Race, menarche history,
(4,620/6,149) dietary fibre by intake = SD (g/d) in BMI (B + SE) per annual height growth,
Growing Up Today FFQ 1 g/d increase in baseline BMI, age, Tanner
Study 9-14 years fibre intake in year stage, energy & fat intake,
before baseline BMI Physical activity measures
1 year follow-
up
M9y: 16.9 £ 4.2 -0.0059 = 0.0045 0.186
M14y: 17.8 £ 4.4
FI9y: 16.4 £ 4.1 0.0023 £ 0.00415 0.577
Fl4y: 16.8+ 4.6
Newby et al (2003) 1,379 AOAC-defined total | Baseline mean intake £ SD Mean annual change Age, gender, energy
(690/689) dietary fibre by (g/d) in weight (kg) (B * intake, ethnicity,
North Dakota WIC FFQ SE) per 1 g/d residence, poverty level,
Program 2-5 years increase in baseline maternal education, birth
fibre intake weight
1 year follow M: 11.9 £ 3.0
up 0.001 £ 0.02 0.96
F:11.9 £ 3.1

FFQ Food frequency questionnaire, BMI- body mass index




Table 2A: Prospective studies of fibre intake and type 2 diabetes incidence

Reference Subjects Determination of | Fibre intake Adjusted P/Ptrend” | Factors adjusted for
Cohort N (M/F) Age fibre result/OR/RR
Follow-up (959%CI)
Colditz et al (1992) 84,360 (F) Southgate-defined Energy-adjusted total fibre Age, BMI, alcohol, family
total dietary fibre intake history of diabetes, prior
Nurses Health Study | 702 cases by FFQ weight change & time
BMI<29 period
30-55 years Q1 1.00 (ref) 0.60
Q2 0.89
6 years follow- Q3 0.82
up Q4 1.19
Q5 0.75 (0.50-1.13)
BMI>29
Q1 1.00 (ref) 0.97
Q2 1.21
Q3 1.21
Q4 1.04
Q5 1.08 (0.78-1.48)
Hodge et al (2004) 31,641 AOAC-defined total | Increase in intake (g/d) Age, country of birth,
dietary fibre by physical activity, 5-year
Melbourne 40-69 years FFQ Total fibre: +20 1.02 (0.81-1.30) 0.46 weight change, education,
Collaborative Cohort Cereal fibre: +10 1.08 (0.88-1.32) 0.71 family history of diabetes,
Study 4 years follow- Fruit fibre: +10 0.97 (0.81-1.16) 0.96 energy intake, BMI,
up Vegetable fibre: +5 1.00 (0.86-1.17) 0.67 waist:hip ratio
Legume fibre: +1 1.01 (0.96-1.06) 0.65
Potato fibre: +1 1.03 (0.91-1.16)
Hu et al (2001) 84,941 (F) AOAC-defined total | Cereal fibre intake Age, time, family history of
dietary fibre by diabetes, menopausal
Nurses Health Study | 3,300 cases FFQ Q1 1.00 (ref) <0.001 status, HRT, smoking, BMI,
Q5 0.6 (0.5-0.7) physical activity, alcohol,
34-59 years PUFA:SFA, transFA,
(estimated from glycaemic load
16 years figure)
follow-up

A When data is reported across tertiles, quartiles or quintiles (up to Q3, Q4, or Q5) the values represent Ptrend

BMI- body mass index; FFQ Food frequency questionnaire; SFA- saturated fatty acids; PUFA- polyunsaturated fatty acids; transFA- trans fatty

acids




Reference Subjects Determination of | Fibre intake Adjusted P/Ptrend” | Factors adjusted for
Cohort N (M/F) Age fibre result/OR/RR

Follow-up (95%CI)
Krishnan et al 40,078 (F) AOAC-defined total | Quintile median energy- Age, BMI, energy intake,
(2007) dietary fibre by adjusted cereal fibre intake family history diabetes,

1,938 cases FFQ (g/d) physical activity, smoking,
Black Women's glycaemic index, protein,
Health Study 21-69 years Q1:1.7 1.00 (ref) 0.01 total fat intake

Q2: 2.7 0.91 (0.78-1.05)
8 years follow- Q3: 3.7 0.89 (0.76-1.04)
up Q4: 4.9 0.83 (0.70-0.96)
Q5: 7.6 0.82 (0.70-0.96)

Lindstrom et al 500 AOAC-defined total | Quartile range energy- Intervention group,
(2006a) dietary fibre by 3 adjusted fibre intake (g/d) gender, age, VLCD-use,

114 cases day record (mean baseline weight, baseline &
Finnish Diabetes of intervention Q1: <10.85 1.00 (ref) <0.05"8 follow-up physical activity,
Prevention Study 40-64 years years 1-3) Q2: 10.85-13 0.50 (0.28-0.89) baseline fibre intake,
Cohort Q3: 13-15.55 0.71 (0.40-1.23) weight change

4 years follow- Q4: >15.55 0.38 (0.19-0.77)

up from 3 year

active

intervention

period)
Lindstrom et al 406 AOAC-defined total | Energy-adjusted fibre intake Also meeting fat, SFA &
(2006b) dietary fibre by 3 (g/d) physical activity goals

69 cases day record (mean
Finnish Diabetes of intervention <15 by year 3 1.00 (ref) >0.05
Prevention Study 40-64 years years 1-3) >15 by year 3 0.97 (0.63-1.51)

Cohort

3 years follow-
up from 3 year
active
intervention
period

A When data is reported across tertiles, quartiles or quintiles (up to Q3, Q4, or Q5) the values represent Ptrend

B ptrend for this maximally adjusted model was not stated, however p-trend for a similar model was 0.04. The authors stated that the result

was not affected by the additional adjustment.

BMI- body mass index; FFQ Food frequency questionnaire; SFA- saturated fatty acids; VLCD




Reference Subjects Determination of | Fibre intake Adjusted Ptrend Factors adjusted for
Cohort N (M/F) Age fibre result/OR/RR
Follow-up (95%CI)
Montonen et al 4,316 AOAC-defined total | Quartile range intake (g/d) Age, gender, geographic
(2003) (2,286/2,030) dietary fibre by area, energy intake, fruit,
diet history Total fibre berry & vegetable intake
Finnish Mobile Clinic | 156 cases interview Q1: 2.6-19.2 1.00 (ref) 0.04
Health Examination Q2: 19.3-25.3 0.70 (0.46-1.07)
Survey 40-69 years Q3: 25.4-33.1 0.67 (0.40-1.11)
Q4: 33.2-118 0.51 (0.26-1.00)
10 years
follow-up Soluble fibre
Q1: 0.53-4.5 1.00 (ref) 0.21
Q2: 4.6-5.8 0.50 (0.31-0.81)
Q3: 5.9-7.3 0.74 (0.44-1.25)
Q4: 7.4-22.7 0.57 (0.29-1.12)
Insoluble fibre
Q1:1.1-8.7 1.00 (ref) 0.03
Q2: 8.8-12.0 0.75 (0.50-1.12)
Q3:12.1-16.5 0.72 (0.45-1.17)
Q4: 16.6-69.3 0.47 (0.25-0.91)
Cellulose
Q1: 0.48-3.2 1.00 (ref) 0.19
Q2: 3.3-4.2 0.53 (0.32-0.85)
Q3:4.3-5.3 0.67 (0.39-1.14)
Q4: 5.4-15.2 0.60 (0.29-1.21)
Lignin
Q1: 0.48-2.3 1.00 (ref) 0.16
Q2: 2.4-3.1 0.79 (0.52-1.20)
Q3: 3.2-4.1 0.69 (0.42-1.15)
Q4: 4.2-14.5 0.68 (0.36-1.30)
Cereal fibre
Q1: 0.47-12.0 1.00 (ref) 0.01
Q2:12.1-17.3 0.81 (0.54-1.21)
Q3:17.4-24.4 0.74 (0.46-1.18)
Q4: 24.5-111 0.39 (0.20-0.77)
Fruit fibre
Q1: 0-0.99 1.00 (ref) 0.87
Q2: 1.0-2.0 0.68 (0.39-1.20)
Q3: 2.1-3.3 0.79 (0.39-1.60)
Q4: 3.4-36.8 0.92 (0.40-2.13)
Vegetable fibre
Q1: 0.11-3.7 1.00 (ref) 0.86
Q2: 3.8-5.0 1.02 (0.58-1.79)
Q3: 5.1-6.7 0.89 (0.43-1.85)
Q4: 6.8-26.5 1.19 (0.46-3.04)




Reference Subjects Determination of | Fibre intake Adjusted Ptrend Factors adjusted for
Cohort N (M/F) Age fibre result/OR/RR
Follow-up (95%CI)
Salmeron et al 65,173 (F) AOAC-defined 