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Carbohydrate and Colo-rectal Health 

Term of reference 

 

1. The colo-rectal health review is to consider the evidence for a role of dietary 

carbohydrate in colo-rectal health in adults and in infancy and childhood. 

Colo-rectal health endpoints 

 

 Normal colo-rectal function as defined by faecal weight, total intestinal transit 

time and faecal microflora and short chain fatty acid content   

 Prevention of impaired colo-rectal function, including constipation, diarrhoea, 

irritable bowel syndrome and diverticular disease 

 Colo-rectal cancer 

Dietary exposures 

 

 Carbohydrate e.g. total carbohydrate, sugars (fructose, sucrose, lactose, glucose, 

lactose, galactose, maltose) disaccharides, monosaccharides, starch, resistant 

starch, oligosaccharides and inulin, non-milk extrinsic sugars, added sugars, 

soluble fibres (including guar gum, psyllium, beta glucans), non starch 

polysaccharides, dietary fibre (including cereal, fruit and vegetable), polyols (e.g. 

xylitol, mannitol and sorbitol). 

 Dietary sources e.g. cereal, fruit, vegetables (including legumes), wholegrain 

(wheat, oats, rice, rye), sweets, confectionary, chewing gum, cakes and biscuits, 

carbohydrate/sugar containing drinks, jams and spreads, honey, milled flour, high 

fructose corn syrup, fruit juice, smoothies and yogurt. 

Carbohydrate classification  
 

2. The primary classification of dietary carbohydrate, as with other macronutrients, is 

based on chemistry, i.e. the character of individual monomers, degree of 

polymerization (DP) and type of linkage (alpha or beta), as recommended at the Food 

and Agriculture Organization/World Health Organization Expert Consultation in 1997 

(FAO/WHO, 1997).  This divides carbohydrates into three main groups, sugars (DP 

1–2), oligosaccharides (short-chain carbohydrates) (DP 3–9) and polysaccharides (DP 

≥10).   

 

3. In 2006, an FAO/WHO update 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. 

 

4. This dichotomy has led to the use of a number of terms to describe carbohydrate in 

foods, such as intrinsic and extrinsic sugars, non-digestible carbohydrate or 

oligosaccharide, resistant starch, non-starch polysaccharide (NSP), dietary fibre, 
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available and unavailable carbohydrate, complex carbohydrate, glycaemic index and 

whole grain (Cummings & Stephen, 2007). 

 

5. The principal carbohydrates that reach the human large bowel are NSP, resistant 

starch, non-α-glucan oligosaccharides and polysaccharides (non-digestible 

oligosaccharides and inulin), and some polyols and modified starches (Elia & 

Cummings, 2007); these have been collectively termed ‘non-digestible carbohydrate’ 

throughout this report.  Carbohydrates that are digested in the small intestine and do 

not normally reach the large bowel have been termed ‘digestible carbohydrate’ 

throughout this report.  Modified starches, which also qualify as resistant starch 

(Topping et al., 2003) and polyols are usually added by the food industry, for their 

functional and sweetening properties, respectively.  Virtually all carbohydrates that 

reach the large bowel are at least partially fermentable by the commensal bacteria in 

the colon. 

 

6. In 2008, the SACN reviewed the available scientific evidence for components under 

consideration for inclusion in the Codex definition of dietary fibre for nutrition 

labelling purposes (Scientific Advisory Committee on Nutrition, 2008). These 

components included total fibre, NSP, fibre components from cereal, fibre 

components from fruit and vegetables, starch, resistant starch, polydextrose, 

oligosaccharides (including fructo-oligosaccharides, galacto-oligosaccharides and 

inulin), lignin, soluble fibres (including pectin and guar gum).  The SACN considered 

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 postprandial glycaemia.  Based on the 

available evidence the SACN concluded that there was sufficient evidence for an 

association between those compounds identified as NSP and colonic function 

(including stool weight/mass and transit time), and between those compounds 

identified as soluble fibre (from oats, psyllium, pectin and guar gum) and lowering of 

total cholesterol and low density lipoprotein cholesterol. 

 

7. In 2008, the 30th Session of the Codex Committee on Nutrition and Foods for Special 

Dietary Uses agreed a definition of dietary fibre (Cummings et al., 2009).  Dietary 

fibre was defined as carbohydrate polymers with ten or more monomeric units, which 

are not hydrolysed by endogenous enzymes in small intestine of human beings and 

belong to following categories: edible carbohydrate polymers naturally occurring in 

food as consumed; carbohydrate polymers, which have been obtained from raw 

material in food by physical, enzymatic, or chemical means and which have been 

shown to have physiological effect of benefit to health by generally accepted 

scientific evidence to competent authorities; and synthetic carbohydrate polymers, 

which have been shown to have physiological effect of benefit to health by generally 

accepted scientific evidence to competent authorities 

 

8. In 2010, the European Food Saftey Authority established a dietary reference value for 

dietary fibre (EFSA Panel on Dietetic Products, 2010).  Their opinion stated that: 

‘dietary fibre is defined as non-digestible carbohydrates plus lignin, including non-

starch polysaccharides – cellulose, hemicelluloses, pectins, hydrocolloids (i.e., gums, 

mucilages, ß-glucans), resistant oligosaccharides – fructo-oligosaccharides, galacto-

oligosaccharides, other resistant oligosaccharides, resistant starch – consisting of 
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physically enclosed starch, some types of raw starch granules, retrograded amylose, 

chemically and/or physically modified starches, and lignin associated with the dietary 

fibre polysaccharides. 

 

9. Although psyllium husk is a source of soluble fibre (mucilage polysaccharides) it is 

unlike anything that occurs in the diet, and is essentially a pharmaceutical preparation.  

Psyllium and ispaghula are both processed materials derived from husks of Plantago 

ovata and have been used in several of the trials described below.  The major types of 

soluble fibre derived from food are pectin or oat beta glucan, but trials with psyllium 

are not indicative of the possible efficacy of these types of soluble fibre.  The peculiar 

property of psyllium, which may make it particularly effective as a laxative, is the 

presence of a poorly fermentable arabinoxylan fraction that stays intact all the way 

through the colon (Marlett et al., 2000).   

Dietary fibre analysis 

 

10. The proximate analysis of food and feed developed in the 19
th

 century gave rise to the 

development of the crude fibre method using a successive acid and alkaline digestion 

to isolate this indigestible fraction (Asp, 1995; McCleary, 2003).   

 

11. In the 1920s, the differentiation between ‘available’ and ‘unavailable’ carbohydrates 

was introduced (McCance & Lawrence, 1929).  The main objective was to 

differentiate those carbohydrates that affected the blood glucose levels, i.e. those 

‘available’ for digestion and absorption in the small intestine.  Methods were 

subsequently developed for analysing reducing sugars, sucrose and starch in foods as 

a measure of the available carbohydrates (Widdowson & McCance, 1935).  

Unavailable carbohydrates were determined as the insoluble residue, corrected for 

protein and ash. A further methodological development simulated digestion by 

incubating a food sample with the enzymes pepsin and pancreatin (Williams & 

Olmsted, 1935).   

 

12. More recent developments in dietary fibre methodology have adopted two general 

approaches: enzymic–gravimetric methods and enzymic–chemical methods.  The 

work by Williams and Olmsted (1935) formed the basis for the acid detergent and 

neutral detergent fibre methods in the 1960s (Van Soest, 1963; Van Soest & Wine, 

1967), which were subsequently developed into the enzymatic gravimetric methods of 

dietary fibre analysis (Hellendoorn et al., 1975). In the gravimetric methods the non-

fibre components are removed and the residue is weighed. This residue can be 

analyzed for monomeric composition or starch residues and also for protein and ash. 

A gas-liquid chromatography (GLC) method for the characterisation of 

gravimetrically determined soluble and insoluble dietary fibre residues was 

subsequently developed (Schweizer & Wursch, 1979). 

 

 

 

 

 

13. The first American Association of Official Analytical Chemists (AOAC) enzymatic 

gravimetric methods were developed (Prosky et al., 1985; Prosky et al., 1988; Prosky 

et al., 1994) using alcohol precipitation to recover soluble fibre components.  These 



 

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the 
final views of SACN or the advice/policy of Public Health England and Health Departments.  

8 

methods measure ‘total dietary fibre’ or soluble and insoluble components separately, 

with appropriate correction for protein and ash in the fibre residue.  

 

14. The enzymic–chemical methods use more or less specific determination of 

monomeric constituents, with subsequent summing up for a total fibre determination.  

As in the gravimetric methods, soluble and insoluble components can be determined 

separately.  Southgate (Southgate, 1969b; Southgate, 1969a) developed a procedure 

following the principles of Widdowson & McCance (1935), so that a complete 

carbohydrate analysis of sugars, starches, non-cellulose polysaccharides, cellulose and 

lignin could be carried out sequentially on the same sample.  Subsequently, the 

determination and characterisation of soluble and insoluble fractions of dietary fibre 

by gas-liquid chromatography (GLC) was developed (Theander et al., 1990) and 

Englyst also developed a GLC-based method as an extension of the method of 

Southgate (Southgate et al., 1978; Englyst et al., 1982; Englyst & Cummings, 1988).  

The solubility of polysaccharides, however, is method-dependent and is determined 

by temperature, time, and pH (Monro, 1991).  Over the years the Englyst method has 

undergone many changes with the use of high-performance liquid chromatography or 

GLC for neutral sugar components, and a colorimetric assay for uronic acids (Englyst 

et al., 1994; Quigley & Englyst, 1994).  

 

15. The Englyst method quantifies all constituent NSP and the AOAC International 

method quantifies ‘total dietary fibre’ defined as NSP, some resistant starch 

(retrograded resistant starch, see next section), some non-digestible oligosaccharides 

(high molecular weight fraction of fructo-oligosaccharides) and all lignin.  Recent 

developments of the AOAC methodology have been to include all non-digestible 

oligosaccharides and all resistant starch in the ‘total dietary fibre’ definition 

(McCleary, 2007; Nishibata et al., 2009).   

 

16. Table 1 outlines data on the fibre content per 100g of a selection of foods, as 

measured by the Englyst (NSP) and AOAC methods.  The data presented are for 

composite samples of foods.  The NSP contents of foods tend to be lower than for 

dietary fibre analysed by the AOAC method (Kontraszti et al., 1999).  The difference 

is not consistent, however, since NSP values are very similar for some foods, such as 

some fruit and vegetables and some wholegrain cereals and breads, but about a third 

lower for many other products, particularly baked goods and mixed dishes.  Hence 

intakes of AOAC fibre should be higher than for NSP, although in one study total 

fibre intakes calculated from the AOAC method were not appreciably different from 

those determined using the Southgate or Englyst methods (Aldoori et al., 1998).  

Also, dietary fibre estimates for the US NHANES in 2001/02 are not that different 

from NDNS (about 15-20% higher), with average intake for adult men aged 19 years 

and over of 18.0 g/day and for women 14.3 g/day.  The 95th percentile intake was 

31.0 g/day for men and 24.6 g/day for women.  
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Table 1. Data on the dietary fibre content of selected foods as determined by Englyst or AOAC methods 

Food Englyst Fibre (NSP) 

(g/100g) 

AOAC Fibre (g/100g) 

Data taken from the Food Standards Agency’s Nutrient Analysis Survey of Selected Foods Containing Trans 

Fats, (2009)
1
†. 

Garlic and herb bread                                                              0.8g                                   2.7g 

Beef pie, purchased, individual, flaky pastry                          1.3g                                   2.1g 

Cheese and tomato pizza, retail, all bases, not stuffed crust   1.7g                                   2.9g 

Cod in breadcrumbs, grilled/oven baked                                 1.7g                                  1.9g 

Potato chips, oven ready, baked (not battered)            2.7g                                  3.5g 

Data taken from the Food Standards Agency’s Nutrient Analysis Survey of Biscuits, Buns, Cakes and Pastries, 

(2008)
1
†. 

Carrot cake, iced                           1.1g                         1.9g 

Small fruit pies                                                                      1.6g                         4.3g 

Plain scones                                                                           2.3g                         2.2g  

Data taken from the Food Standards Agency’s Nutrient Survey of Flour and Grains, (2004)
1
. 

Basmati rice, cooked  

Brown wholegrain rice, cooked 

Cous cous (plain), cooked 

Semolina 

Soft plain white flour 

Wheatgerm 

Rye flour 

Bran, wheat 

0.6g 

0.9g 

1.9g 

2.4g 

3.4g 

11.6g 

11.8g 

33.0g 

0.6g 

1.5g 

2.2g 

2.9g 

4.0g 

13.9g 

14.1g 

41.3g 

Data taken from the Food Standards Agency’s Nutrient Survey of Pasta and Pasta Sauces, (2004)
1
. 

Fresh white egg tagliatelle, cooked 

Dried white spaghetti, cooked 

Canned Ravioli in tomato sauce 

0.9g 

1.5g 

1.6g 

2.0g 

1.7g 

1.1g 

Data taken from the Food Standards Agency’s Nutrient Survey of Breakfast Cereals, (2004)
1
. 

Cornflakes 

Porridge oats, cooked  

Muesli, Swiss style e.g. Original Alpen   

Wheat Biscuits e.g. Weetabix  

1.8g 

6.5g 

 

6.7g 

7.3g 

2.6g 

7.6g 

 

8.8g 

9.7g 

Data taken from the Food Standards Agency’s Nutrient Analysis Catch Up Project, (2003)
2
. 

Sushi, vegetable 

Quiche, meat 

Vegetable curry, no rice (ready meal), cooked 

1.2g 

1.3g 

1.5g 

1.6g 

1.8g 

1.8g 

Data taken from the Ministry of Agriculture Fisheries and Food’s Nutrient Analysis of Bread and Morning 

Goods, (1999)
3
. 

White bread, standard, sliced, large                                        1.9g                                      2.5g 

Brown bread, sliced, large                                                       3.5g                                     5.0g 

Data taken from the Ministry of Agriculture Fisheries and Food’s Nutrient Analysis of Ethnic Takeaway Foods, 

(1997)
4
. 

Stir-fry vegetables                                                                   1.8g                                       2 .1g                                  
1
 AOAC Official Method 985.29; 

2
 Analysis by Direct Laboratories. In house method Q/026 

– UKAS accredited. 
3
 AOAC Official Method 991.43: 

4
 Method reference AM/c/309/2. 

†Analytical data has yet to be published and in some cases is provisional. Data should 

therefore not be circulated wider or quoted in publications. 
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Carbohydrate intake in the UK 
 

17. The National Diet and Nutrition Survey, 2000/2001 (Henderson et al., 2003), 

provides total carbohydrate, sugars (non-milk extrinsic sugars and intrinsic and milk 

sugars) and non-starch polysaccharide intakes for UK adults aged 19-64 years (see 

Table 2).  

 
Table 2.  National Diet and Nutrition Survey, 2000/1, carbohydrate intake for adults  

 Total 

carbohydrate (g/d) 

Non–milk 

extrinsic sugars 

(g/d) 

Intrinsic and 

milk sugars 

(g/d) 

NSP (g/d) 

     

Male 275* (135-452) 79 (14-188) 39 (11-89) 15.2 (6.2-28.9) 

Female 203 (90-317) 51 (5-129) 37 (11-77) 12.6 (5.0-24.2) 

     

*data given as mean (lower and upper 2.5 percentile) 

  

18. The major contributor to total carbohydrate intake was cereals and cereal products, 

with bread providing the largest component.  Information on sugars is given as intakes 

of non-milk extrinsic sugars and intrinsic and milk sugars.  The main food sources of 

non-milk extrinsic sugars for both men and women were drinks and sugars, preserves 

and confectionery, while the major food sources of intrinsic and milk sugars were 

fruit and nuts and milk and milk products.  The three main food sources of non-starch 

polysaccharides, accounting for about three-quarters of intake, were cereals and cereal 

products, vegetables (excluding potatoes) and potatoes and savoury snacks. Within 

the cereals and cereal products group, whole grain & high fibre breakfast cereals 

provided 11% of the intake and white bread provided a further 9%.  

 

19. Information on resistant starch, polyol or non-digestible oligosaccharide and inulin 

intakes in the UK is not available from NDNS or the Total Diet Study.  National 

statistics for consumption of starchy foods have been used, however, to estimate the 

habitual intake of resistant starch in Europe as 4.1 g/day (no variance data given) with 

variation in mean intakes from 3.2 to 5.7 between different European countries (Asp 

et al., 1996).  The calculations were based on literature data using the Englyst method 

(Englyst et al., 1992) or separate analyses of foods with the Englyst method or the 

modified Berry method (Champ et al., 2003). Resistant starch intake in Sweden was 

estimated to be 3.2g/day (no variance data given) (Liljeberg Elmstahl, 2002), based 

on consumption data from the 1997-1998 national survey and calculated from the 

individual foods analysed using a modified Berry method (Akerberg et al., 1998). In 

the UK, mean resistant starch intake has been estimated at about 2.8g/day (no 

variance data given), derived from published food and food ingredient values for 

resistant starch in conjunction with the average weekly consumption of these foods 

(and foods prepared from the food ingredients) by the general UK population (Annual 

Report of the Food Survey Committee, 1985) (Tomlin & Read, 1990).   

 

20. Using national food consumption data from surveys conducted during the 1980s and 

determination of food resistant starch content by a modified Berry method (Berry, 

1986; Champ et al., 2003), Italian intakes of resistant starch were estimated at 8.5 

g/day (no variance data given), with regional differences (from 7.2 g/day in the north-

west to 9.2 g/day in the south) (Brighenti et al., 1998). In Australia, intakes of 
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resistant starch were estimated to be between 3.4 and 9.4g/day using the 1995 

National Nutrition Survey and published values of food resistant starch content. The 

calculations were based on literature data obtained using the Englyst method (Roberts 

et al., 2004). In the USA, resistant starch mean intake has been estimated to be 

approximately 4.9 g/day (range 2.8 to 7.9 g/day) based on the 1999-2002 National 

Health and Nutrition Examination Surveys and literature data of food resistant starch 

concentrations using the modified Berry method (Murphy et al., 2008). 

  

21. Based on the analytical determined inulin and oligofructose content of specific foods 

(cereals, fruits and vegetables) and consumption data from the USA and Europe, it 

has been estimated that the intake of inulin-type fructans ranges between 1 and 10 

g/day (van Loo et al., 1995).  It was concluded that the main source of inulin-type 

fructans in a typical Western diet were wheat and onions.  

 

Carbohydrate and colo-rectal function literature searches 
 

22. Relevant publications were identified by searching Medline, Embase and CINAHL.  

The search was conducted up to November 2010.   The articles listed on Embase and 

CINAHL date back to 1980, while those on PubMed date back to 1952.  Searches 

were performed for normal colo-rectal function, constipation, diarrhoea, diverticular 

disease, irritable bowel syndrome (IBS), well-being and calcium and magnesium 

absorption in relation to the carbohydrate exposure.    

 

23. A filter was used to limit searches to human controlled studies.  Only articles reported 

in English were included in the review, although the search was not restricted on 

language.  In Medline many articles have no available abstract for studies before 

1980, so the filter would fail to identify relevant articles before this time.  For 

Medline searches between 1952 and 1980, the human controlled studies filter was not 

used.  A manual search of references cited by the articles identified as relevant, and of 

review articles was also performed. 

 

24. For carbohydrate and colo-rectal cancer, the World Cancer Research Fund kindly 

provided details of the articles identified in their systematic review, including 

searches performed up to and including 2009.  Searches were performed for colo-

rectal cancer in relation to the carbohydrate exposure for articles published after 2009 

(see Appendix 1).   

 

25. All references identified in the searches were downloaded to the bibliographic 

software Endnote.  The title and/or abstract of all references identified in the searches 

were screened for relevancy by a single assessor, based on exposure/endpoint and 

inclusion/exclusion criteria.  All articles that were identified as potentially relevant 

were grouped together based on their study design, exposure and endpoint.  A 10% 

sample of the references identified as not relevant at the title and abstract stage was 

checked by an independent assessor.   

 

 

 

26. Full text copies of the potentially relevant articles were obtained and considered by a 

single assessor to determine whether they were eligible for inclusion in the review.  
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Any references identified as not relevant at the full text stage was checked by an 

independent assessor.  The reasons for excluding any articles at the full text stage 

were stated.  Any articles for which the initial reviewer was uncertain as to inclusion 

were sent to Working Group Members for consideration/agreement.  The articles 

identified as eligible were discussed in detail in the relevant report sections.  Details 

of the searches are given in Appendix 1 and details of the articles excluded at the full 

text stage are given in Appendix 2. 

Study quality assessment 

 

27. A consideration of trial quality has been given in the associated commentary of the 

colo-rectal health section, based on the data extracted. Data have been extracted from 

each publication on study design and location, sample size, number of endpoint cases 

and case definitions, population demographics, exclusion criteria, methods of dietary 

ascertainment and assessment, dietary intakes, adjustments for confounders (e.g. 

information on BMI, physical activity, alcohol, smoking and other potential 

confounders), statistical analyses used and results.  The methods used to define 

carbohydrate components have been recorded and considered.  For trials, data were 

extracted on whether a trial was described as randomised and level of blinding, the 

methods for generation of the allocation schedule and blinding, duration of 

intervention and whether there was a description of dropouts during the trial (Jadad et 

al., 1996).   

 

28. The criteria for judging risk of bias were based on the Cochrane Handbook.  If 

insufficient information was reported, a judgement of ‘unclear’ (uncertain risk of bias) 

was given.  A consideration of trial quality was given in the associated commentary of 

the colo-rectal health section, based on the data extracted.  No scale for assessing 

study quality or risk of bias was employed.  Sequence generation refers to the 

description of the method used to generate the allocation sequence in sufficient detail 

to allow an assessment of whether it should produce comparable groups.  The 

allocation concealment refers to the description of the method used to conceal the 

allocation sequence in sufficient detail to determine whether intervention allocations 

could have been foreseen in advance of, or during, enrolment. The blinding of 

participants, personnel and outcome assessors refers to assessments of each main 

outcome (or class of outcomes) and describe the measures used, if any, to blind study 

participants and personnel from knowledge of which intervention a participant 

received. Incomplete outcome data refers to whether assessments were made for each 

main outcome (or class of outcomes) and the completeness and reporting of outcome 

data for each main outcome, including attrition and exclusions from the analysis. 

 

 

 

 

 

Inclusion criteria 

Normal colo-rectal function 

 

29. Controlled human studies or trials investigating an effect of carbohydrate intake on 
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bowel habit, fermentation products, calcium and magnesium absorption, and gut 

microflora were considered.   

 

30. Randomised controlled trials were included.  Non-randomised controlled studies were 

included if they employed a parallel design, or cross-over design with a Latin-square 

allocation to control and intervention periods.  Cohort before-and-after studies, where 

subjects were assessed at base-line and again after the intervention, were not included 

in the data synthesis, but have been used to inform some of the background sections.  

 

31. Only trials with objective measures were considered, with subjects defined as healthy 

and free of gastrointestinal disorders.  Faecel weight trials must have collected all 

faeces for a minimum of three consecutive days.  For trials investigating calcium and 

magnesium absorption only stable isotope absorption studies that directly assessed the 

fractional absorption of calcium or magnesium were included.  

Prevention of impaired colorectal function 

 

32. Only randomised controlled trials of well-being, constipation, diarrhoea, diverticular 

disease and irritable bowel syndrome were included.  Only trials in patients free of 

gastrointestinal disease associated with demonstrable change in a bodily organ or 

tissue were included. For constipation clinical improvement was the key outcome of 

interest, and the criteria used to define the condition recorded. For constipation, 

objective measures of function were only considered in trials where laxative use had 

been prohibited during the trial. For diarrhoea, diverticular disease and irritable bowel 

syndrome, only prevention trials were considered. 

Colo-rectal cancer 

 

33. For carbohydrate and colo-rectal cancer, prospective cohort studies and randomised 

controlled trials were included.  Case-control studies were not included, as they are 

more prone to bias, and there were sufficient prospective cohort studies available on 

which to base conclusions.  Studies investigating colo-rectal cancer endpoints were 

included and, for randomised controlled trials only, risk of colo-rectal adenoma was 

also included.   

 

34. For prospective cohort studies, the minimum information necessary to estimate the 

relative risk (RR) associated with the endpoint and a corresponding measure of 

uncertainty (i.e., 95% confidence interval, standard error (SE), variance, or P value of 

the significance of the estimate) was required for inclusion.  In the case of multiple 

reports on the same population or subpopulation, estimates from the most recent or 

most informative report were considered.  For some exposures and endpoints, it was 

necessary to decide whether to use the results from pooled analyses or whether to use 

the results from separate reports from the individual studies.  Decisions on the best 

approach to take have been made on a case-by-case basis.  

  

35. When multiple risk ratios were presented in the original articles, the risk ratio and 

95% CI that were adjusted for the most extensive confounding variables available 

were included.  Only prospective cohort studies that adjusted for alcohol intake, 

smoking, physical activity, age and overweight/obesity were included. 
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Exclusion criteria 

 

36. Trials investigating enteral feeds or ileostomy subjects were excluded, as were trials 

involving surgery.  Trials in subjects with lactose intolerance have been excluded. 

Trials in preterm infants were excluded.  Trials investigating the in vitro fermentation 

of carbohydrate by colonic microbes were excluded.   Trials were excluded if the 

dietary intervention was in conjunction with drug therapy, with the exception of trials 

investigating constipation, where the effect of carbohydrate on reducing laxative 

therapy was considered. Trials in severely malnourished subjects were excluded. 

 

37. The clinical outcome ‘inflammatory bowel disease’ (ulcerative colitis and Crohn's 

disease) was not considered.  Treatment trials of diarrhoea, diverticular disease and 

irritable bowel syndrome were not considered. 

 

38. Single meal or single challenge studies were excluded.  Trials of carbohydrate 

intolerance and mal-absorption were excluded, but have been used to inform some of 

the background sections.  Trials investigating the effect of synthetic non-absorbable 

sugars, e.g. lactulose, tagatose, difructose anhydride, or synthetic oligosaccharides, 

e.g. lactosucrose, were excluded.  Mixed interventions employing non-carbohydrate 

components e.g. non-digestible oligosaccharide with probiotics, were excluded.  

Ecological and prevalence studies were excluded.  Abstracts and articles in non-peer 

reviewed journals were excluded.   

Data analysis 

 

39. A forest plot has been used to present/summarise the results of a number of 

studies/trials when sufficient studies were available to permit a meta-analysis to be 

performed.  A meta-analysis was conducted when three or more cohorts/trials, with 

sufficient information, were available and when the I
2
 statistic was not greater than 

75% (Higgins et al., 2003).  All meta-analyses were performed using MIX 2.0 Pro.  

For cross-over trials with multiple intervention groups, all relevant experimental 

intervention groups were combined into a single group in order to create a single pair-

wise comparison, as recommended by the Cochrane Handbook for systematic reviews 

of interventions.  When results were only reported separately for men and women in 

the same cohort these have been combined using the fixed-effects model.  Where 

reported, and when sufficient studies were available, differences in response have 

been assessed, e.g. due to sex, age, ethnicity etc.  For studies/trials meta-analyses have 

been performed using random-effect analyses.  Forest plots have been given for 

random-effect analyses. 

 

 

 

 

40. The extent of heterogeneity was investigated by using the chi-square test and I
2
 

statistic (Higgins et al., 2003).  When heterogeneity was significant, as assessed by 

the I
2
 statistic, this was investigated using stratified forest plots or meta regression 

when there were 10 or more cohorts/trials in the meta analysis and at least 3 

cohorts/trials in each stratum.  Study estimates have been plotted against their 

corresponding standard errors to produce funnel plots (providing there were sufficient 
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studies/trials), which were checked for asymmetry to investigate publication bias in 

each meta-analysis. Egger’s linear regression test was used to test for the presence of 

potential publication bias.  The accuracy of this test is, however, limited as the power 

of the Egger method to detect bias is low with a small number of studies.   

  

41. Meta-analyses of prospective cohort studies have been performed using the highest 

quantile vs. lowest quantile approach, and when studies provided the necessary 

dietary exposure data and risk assessment data, a representative per unit meta-analysis 

was also performed.  The dose-response or per unit approach was performed using the 

method of Greenland and Longnecker (Greenland & Longnecker, 1992) to compute 

study-specific slopes (linear trends) and 95% CIs from the natural logs of the RRs and 

CIs across categories of dietary intake.  Stata software was used to derive the study-

specific linear dose-response trend slopes.  The method required that the distribution 

of cases and person-years or non-cases and the RRs with the variance estimates for at 

least three quantitative exposure categories were known.  The estimation of the 

distribution of cases and person-years in studies that did not report these, but reported 

the total number of cases/person-years, was divided by the number of quantiles in 

order to estimate the number of person-years in each quantile. The median or mean 

level of carbohydrate intake in each category of intake was assigned to the 

corresponding RR for each study. For studies that reported dietary intake by ranges, 

the midpoint in each category was estimated by calculating the average of the lower 

and upper bound. When the highest or the lowest category was open-ended, it was 

assumed that the open-ended interval length had the same length as the adjacent 

interval. If the intakes were reported in densities (i.e. g per 1000 kcal), the reported 

intakes were recalculated to absolute intakes using the mean or median energy intake 

reported in the publication.  . 
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Carbohydrate and normal colo-rectal function  

Colo-rectal function parameters and health 

 

42. The main parameters considered in relation to colo-rectal function are faecal weight, 

intestinal transit time, faecal short chain fatty acid and microflora content.  The 

magnitude of response of these parameters to a carbohydrate intervention may be 

affected by the base-line values, e.g. in relation to transit times (see Figure 2 and 

paragraph 111, page 44).  Overall, there is a paucity of human data pertaining to the 

relationship between these parameters and diseases, e.g. colo-rectal cancer.  All of 

these parameters show marked individual variability and are indirect indices that may 

not accurately reflect the processes occurring in the lumen of the colon.  What is 

observed in the faecal output provides only a small snapshot of the metabolic activity 

occurring in the ascending colon and, therefore, limits what can be concluded from 

these measures.   

Faecal weight and transit time 

 

43. Carbohydrate that is not digested in the small intestine enters the large bowel where it 

stimulates anaerobic fermentation, leading to an increase in microbial cell mass.  Most 

of the carbohydrate that reaches the colon is metabolised.  For example, in one study 

of healthy subjects fed dietary fibre in mixed diets 70-80% was broken down during 

passage through the gut (Southgate & Durnin, 1970).  The cellulosic fraction tends to 

be broken down less than the non-cellulosic polysaccharides, and dietary fibre from 

cereals is less broken down in the colon than that from fruit and vegetables.  In one 

study cabbage fibre was 90% broken down, whereas wheat fibre was 40% broken 

down (Stephen & Cummings, 1980a).  Another study reported degradation of purified 

cellulose in the gastrointestinal tract to be about 40% (Kelleher et al., 1984).  In 

quantitative terms, plant cell wall polysaccharides (celluloses and non-cellulosic 

polysaccharides such as arabinogalactans, xylans, pectins, gums and mucilages) are 

generally the principal fermentation substrates in the large bowel (Cummings & 

Englyst, 1987).  The stimulation of bacterial growth, together with the water-binding 

to residual unfermented carbohydrate, leads to an increase in faecal weight, dilution of 

colonic contents, and may also reduce transit time through the colon; in healthy 

subjects consuming 22 g/day of dietary fibre, bacterial mass was shown to account for 

over 50% of faecal solids (Stephen & Cummings, 1980b) and wheat bran has been 

shown to increase the faecal concentration of sugars and mass of plant material more 

than oat bran, but oat bran increased faecal bacterial mass more (Chen et al., 1998).    

 

44. Transit time, the time it takes a substance to pass through the gut, can be measured 

using a number of techniques, in the majority of which an oral dose of inert marker is 

given with food and its appearance noted (Cummings, 2001a).  The values for transit 

time obtained are very dependent on the method used.  Coloured dyes give relatively 

short transit times since it is difficult to detect other than the ‘first appearance’ of 

marker in the faeces.  Methods which measure mean transit time may be more 

accurate, while the radio-opaque pellet technique (Hinton et al., 1969) gives values 

which are about twenty percent greater than the mean transit methods.  
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45. It has been hypothesised that low faecal weight and slow bowel transit time may 

increase bowel cancer risk, by increasing concentrations of carcinogens (dietary or gut 

metabolite or microflora-generated) in the faeces and increasing their contact with the 

gut wall, but relatively few published data defining bowel habits and disease risk exist 

(Lewis & Heaton, 1999). 

 

46. Several ecologic studies of faecal weights and transit times in populations with 

markedly different cancer incidence have observed faecal weights, but not transit 

times, to be inversely related to colo-rectal cancer incidence, with larger faecal 

weights being reported in the low-risk populations (Glober et al., 1977; Maclennan & 

Jensen, 1977; MacLennan et al., 1978; Reddy et al., 1978; Cummings et al., 1982), 

although one study observed no relationship (Jensen et al., 1982). 

 

47. A study compiling data from 20 populations in 12 countries reported average faecal 

weights to vary from 72 to 470 g/day and to be inversely related to colon cancer risk. 

The faecal weights in many developed populations were relatively low (80-120 g/day) 

and this was associated with increased colon cancer risk (Cummings et al., 1992).  

 

48. Data from several case-control studies suggest an increased risk for colo-rectal cancer 

with constipation (Sonnenberg & Muller, 1993; Jacobs & White, 1998; Roberts et al., 

2003), but not all (Kune et al., 1988; Chan et al., 2007b).  Constipation, however, is 

not defined by faecal weight, and infrequent bowel motion is only one of the criteria 

(see constipation section in clinical aspects section).  Several prospective cohort 

studies have investigated the association between bowel frequency and subsequent 

colo-rectal cancer risk. While one study reported an increased risk in subjects with a 

bowel movement frequency of less than once per day (Watanabe et al., 2004), another 

three studies reported no association between bowel frequency and colo-rectal cancer 

risk (Dukas et al., 2000; Otani et al., 2006a; Park et al., 2009).  One study did observe 

loose stools compared with soft stools to be associated with an increased risk (Park et 

al., 2009). 

Faecal microflora and short chain fatty acid content  

 

49. Commensal microflora consists of those micro-organisms present on body surfaces 

covered by epithelial cells and exposed to the external environment (gastrointestinal 

and respiratory tract, vagina, skin, etc.).  The most abundant microflora is present in 

the distal parts of the gut; the majority of the intestinal bacteria are Gram-negative 

anaerobes.  Numerically predominant organisms in the microflora belong to two 

eubacterial divisions, the Cytophaga-Flavobacterium-Bacteroides and the Firmicutes.  

The prevalence and diversity of bacteria in different areas of the gastrointestinal
 
tract 

are influenced by the different conditions at these sites and thus the microflora of the 

stomach and jejunum vary with that of the large intestine.  Host genotype, age and 

diet have also been shown to affect microbial diversity in the gastrointestinal tract 

(Kolida & Gibson, 2007). 

 

50. The colon is the most heavily populated area of the gastrointestinal
 
tract, with 

microorganisms (primarily bacteria, but also fungi and protozoa) typically in the 

region of 10
12

/g of contents.
  
The environment with a slow

 
transit time, ready 

availability of nutrients and a suitable
 
pH is favourable for bacterial growth.  It has 

been estimated that at least 500
 
different microbial species may exist, although on a 
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quantitative
 
basis about 10–20 genera appear to predominate, e.g. 

 
Bacteroides, 

Lactobacillus, Clostridium, Fusobacterium, Bifidobacterium,
 
Eubacterium, 

Peptococcus, Peptostreptococcus, Escherichia, and
 
Veillonella (Kolida & Gibson, 

2007).   

 

51. The main bacterial fermentation products, the short chain fatty acids acetate, 

proprionate and butyrate, can be nutrients as well as growth signals for the intestinal 

epithelium.  Various bioactive molecules such as carcinogenic xenobiotics, dietary 

phytoestrogens, and primary bile acids can be metabolised by commensal bacteria.  

The microflora facilitates the excretion of various toxic substances and the exclusion 

of pathogenic microorganisms from the human host and appear to modulate immune 

function through Peyer’s patches and other gut-associated lymphoid tissue (Mai & 

Morris, 2004).  

 

52. The intraluminal microflora affects the development of the intestinal immune system, 

supplies key nutrients, and modulates energy metabolism (Backhed et al., 2005).  It is 

thought that the human neonatal gut is immature at birth, and that breast milk contains 

functional nutrients that help provide the microenvironment for gut protection and 

maturation (Walker, 2010). The critical stages of gut colonisation are after birth, and 

during weaning, and vary depending on whether or not the infant is breastfed: lactic 

acid bacteria dominate (bifidobacteria and lactobacilli) the flora of the breast-fed 

infant, while the formula-fed infant has a more diverse flora and contain more 

bacteroides, clostridia and Enterobacteriaceae (Edwards & Parrett, 2002; Hopkins et 

al., 2005).  The preponderance of bifidobacteria and lactobacilli in breast-fed babies 

may relate, to some extent, to the presence of non-digestible oligosaccharides in 

breast milk.  In infants, Bifidobacterium longum subspecies infantis efficiently 

consumes several small mass human milk non-digestible oligosaccharides; in contrast, 

adult-associated bifidobacteria, e.g. Bifidobacterium longum subspecies Longum, 

does not, but does ferment plant non-digestible oligosaccharides (Sela & Mills, 2010).  

The intestinal microflora changes rapidly during the first year of life, with the flora of 

the formula-fed infant developing more quickly than that of the breast-fed infant, and 

is characterized by a reduction in Lactobacillus and Bifidobacterium species.  In 

adults, each person's unique population of faecal microflora is fairly stable over time, 

but fluctuations occur in response to environmental and developmental factors and in 

disease (Backhed et al., 2005; Eckburg et al., 2005).   

 

53. The use of animals bred under germ-free conditions provides much of the information 

about the effect of the microbial community of the gut on host physiology and 

pathology.  This evidence suggests that microflora have important and specific 

metabolic, trophic, and protective functions (Guarner & Malagelada, 2003).  These 

include the fermentation of non-digestible dietary residue and endogenous mucus 

resulting in salvage of energy as short-chain fatty acids, production of vitamin K and 

absorption of ions; the control of epithelial cell proliferation and differentiation; 

development and homoeostasis of the immune system and protection against 

pathogens (the barrier effect). 

 

 

 

54. The faecal flora can be analyzed by microbiological culture techniques, but this is 

limited in scope, as a majority of the bacterial species present in faeces are not 
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culturable using standard microbiologic techniques (Mai & Morris, 2004).  Molecular 

tools based on 16S rDNA sequence similarities have helped to overcome these 

limitations in conventional microbiological plating methods for studying the faecal 

microflora composition. 

 

55. Being exclusively breastfed is associated with reduced risk for atopic dermatitis 

(Gdalevich et al., 2001a) and asthma (Gdalevich et al., 2001b; Ip et al., 2009) and 

differences in the neonatal gut microflora have been shown to precede the 

development of atopic disease. Several studies have reported differences in the early 

intestinal microflora between infants developing and those not developing allergic 

disease, with more prominent colonization by Bifidobacterium species but less by 

Clostridium species in the latter group. (Björkstén et al., 2001; Kalliomaki et al., 

2001; Sepp et al., 2005) Another study, however, saw no association with 

bifidobacteria, but reported that colonization by Clostridium difficile at 1 month of 

age was associated with later allergy development (Penders et al., 2007b).  Several 

case-control studies also lend some support to atopic diseases being linked to 

differences in infant intestinal microflora composition (Kirjavainen et al., 2002; 

Watanabe et al., 2003; Mah et al., 2006; Penders et al., 2006; Gore et al., 2008).  

Although most studies indicated an association between the gut microflora 

composition and atopic sensitization or symptoms, no specific harmful or protective 

microbes have been firmly identified yet (Penders et al., 2007a). One study does 

suggest, however, that colonisation of one-month old infants with specific 

Lactobacillus species, L. paracasei, is associated with a reduced risk of developing 

allergic disorders at two years of age (Penders et al., 2010). 

 

56. Faecal microflora have been implicated in the development of inflammatory bowel 

disease with decreased biodiversity of commensal bacteria, most notably the phyla 

Bacteroidetes and Firmicutes, including Faecalibacterium prausnitzii, and increased 

E. coli concentrations (Frank et al., 2007; Packey & Sartor, 2009; Sokol et al., 2009; 

Schwiertz et al., 2010).  Differences in faecal and mucosa-associated microflora have 

been observed in irritable bowel syndrome patients as compared with controls 

(Balsari et al., 1982; Malinen et al., 2005; Matto et al., 2005; Kassinen et al., 2007; 

Krogius-Kurikka et al., 2009; Parkes et al., 2010; Salonen et al., 2010).  Differences 

in the microflora have also been linked with obesity (Ley et al., 2006; Kalliomäki et 

al., 2008; Turnbaugh et al., 2009).  It is still unclear, however, whether these 

differences in the the microflora are causes or effects of these disease states. 

 

57. There is some evidence that the administration of Bifidobacteria and some 

Lactobacillus species may alleviate some of the symptoms of irritable bowel 

syndrome (Hoveyda et al., 2009) and possibly shorten the duration of various forms 

of diarrhoea (Sazawal et al., 2006; Szajewska et al., 2006; McFarland, 2007), but 

available evidence is inconsistent for inflammatory bowel disease (Rahimi et al., 

2008).  There is some evidence for the  pre- and postnatal administration of 

Bifidobacteria and some Lactobacillus species in the prevention of paediatric atopic 

dermatitis (Kristin et al., 2008; Lee et al., 2008), but, overall, available evidence is 

inconclusive (Osborn & Sinn, 2007; Boyle et al., 2009; van der Aa et al., 2010).   

 

58. It has been hypothesised that intestinal bacteria may play a role in the initiation of 

colo-rectal cancer through the production of carcinogens, co-carcinogens or pro-

carcinogens and induction of chronic mucosal inflammation (Hope et al., 2005).  
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Most ecological studies, but not all (Keathley & Needham, 1982; Schwan et al., 

1982), have observed differences in the faecal flora and bacterial enzyme activity in 

populations with markedly different cancer incidence (Aries et al., 1969; Hill et al., 

1971; Drasar & Hill, 1972; Peach et al., 1974; Crowther et al., 1976; Koornhof et al., 

1979; Benno et al., 1991; Moore & Moore, 1995).  Overall, these generally show 

lower faecal Bacteroides and Bifidobacteria in low risk populations and fewer 

Enterococci and Enterobacteria and Lactobacillus in high risk populations; the results 

from case-control studies, however, do not support these observations (Finegold et al., 

1975; Vargo et al., 1980; Kanazawa et al., 1996).  Differences in mucosal adherent 

bacteria composition between subjects with and without colo-rectal adenomas or 

cancer have been observed in several case-control studies (Edmiston et al., 1982; 

Scanlan et al., 2008; Shen et al., 2010). 

 

59. The rate and amount of short chain fatty acid (SCFA) production depends on the 

species and amounts of microflora present in the colon, the substrate source and gut 

transit time (Lewis & Heaton, 1997a). SCFAs are readily absorbed and butyrate is the 

major energy source for colonocytes, being converted to ketone bodies or carbon 

dioxide.  The remainder is removed by the liver. Proprionate is largely taken up by the 

liver and is converted to glucose.  Acetate enters the peripheral circulation to be 

metabolized by peripheral tissues, especially fat and muscle (Hamer et al., 2008).  It 

has been estimated that SCFA contribute approximately 10% of energy requirements 

for humans, but the amount of non-digestible carbohydrate in the diet undoubtedly 

affects the amount produced (Bergman, 1990).  In vitro and animal studies suggest 

that butyrate has diverse and apparently paradoxical effects on cellular proliferation, 

apoptosis and differentiation that may be either pro-neoplastic or anti-neoplastic, 

depending upon factors such as the level of exposure, availability of other metabolic 

substrate and the intracellular milieu (Sengupta et al., 2006).   

  

60. Faecal SCFA content has been investigated in relation to inflammatory bowel disease, 

but results are inconclusive with increased (Roediger et al., 1982; Roediger, 1990), as 

well as decreased (Vernia et al., 1988; Takaishi et al., 2008), concentrations of 

butyrate being reported in patients relative to controls.  

 

61. In relation to colo-rectal cancer, data from case-control studies, in patients with colon 

adenomas or cancer, are inconclusive.  One study observed an association of high 

acetate and low butyrate ratios to total SCFA with adenomatous polyps and colon 

cancer (Weaver et al., 1988), and another reported lower faecal butyrate 

concentrations in patients with polyps (Kashtan et al., 1992a).  Others have observed 

no differences in faecal SCFA concentrations between controls and patients with 

colonic adenomas or colonic cancer (Clausen et al., 1991) or in subjects with familial 

adenomatous polyposis (Bradburn et al., 1993).  One ecological study observed faecal 

total SCFA and butyrate concentrations to be higher in populations with a lower 

cancer incidence relative to populations with higher colo-rectal cancer incidence 

(O'Keefe et al., 2009). 

 

 

62. The reduction in pH associated with the production of SCFAs has been proposed as a 

protective factor, as ecological studies have observed a higher faecal pH in 

populations at high risk for colo-rectal cancer (Malhotra, 1982; Walker et al., 1986; 

Levy et al., 1994; Segal et al., 1995).  Case-control studies where colonic mucosal 
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and faecal pH were determined, however, have failed to confirm these findings (Pye 

et al., 1990; Bradburn et al., 1993; Hove et al., 1993; McDougall et al., 1993; Little et 

al., 2002). 
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Digestible carbohydrate and colo-rectal function 

The effect of digestible carbohydrate on faecal output 

Background 

 

63. The administration of 25-50g fructose, as a free monosaccharide, has been shown to 

result in colonic carbohydrate fermentation, as assessed by postprandial hydrogen 

breath test (Ravich et al., 1983; Truswell et al., 1988; Hoekstra et al., 1996; Beyer et 

al., 2005; Skoog et al., 2008).  Fructose given as sucrose or in equimolar 

combinations with glucose was well absorbed, and only fructose in excess of glucose 

undergoes colonic fermentation (Rumessen, 1992; Skoog & Bharucha, 2004).  Honey 

contains fructose in excess of glucose and one study showed administration of 50-

100g honey resulted in carbohydrate colonic fermentation, due to its fructose content 

(Ladas et al., 1995).   

 

64. In lactose-tolerant adults a single dose of lactose (45g/day) has been shown not to 

affect small bowel (oro-cecal) transit time (He et al., 2006) or total intestinal transit 

time (Ewe et al., 1995). 

 

65. One cohort before-and-after study, that reported no difference between diets high (165 

g/day) and low (60g/day) in sugars on faecal weight (Kruis et al., 1991), observed 

increased colonic fermentation on the high sugar diet, as determined by breath 

hydrogen tests, while total intestinal transit time was significantly prolonged, despite 

a shortened small bowel transit time.  Another cohort before-and-after study in three 

subjects, observed a diet high in sugars to increase faecal wet weight (Williams & 

Olmsted, 1936). 

Trial design 

 

66. One trial was identified as eligible and compared diets high and low in sugars 

(reported only as ‘simple sugars’) on bowel function (Yadrick et al., 1992) (see 

Appendix 2 for studies excluded).  The trial design details have been summarised in 

Table 3.  The trial had a cross-over design with a three-day wash-out period between 

interventions on a basal diet.  The trial was conducted in adults and all food was 

provided.  The trial compared a low sugars high starch (90% carbohydrate intake) 

diet, with a high sugars (70% carbohydrate intake) low starch diet.  While food 

composition data for sample menus were provided, the actual intakes were not 

reported.  Changes in faecal weight and total intestinal transit times in response to the 

intervention were measured. The funding source was not reported. 

Risk of Bias 

 

67. A summary of the risk of bias assessment has been given in Table 4.  The trial was 

randomised, but there is no indication of how this was achieved.  The trial was open, 

which may reflect the nature of the intervention, but there was no mention of whether 

assessors were blind.  There were no drop-outs.   
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Results 

 

68. The findings from the trial have been summarised in Table 5.  No effect on faecal 

weight was observed between a low sugar, high refined starch (90% carbohydrate 

intake) diet and a high sugar (70% carbohydrate intake), low refined starch diet.  No 

significant difference in total intestinal transit time was observed, although mean 

values were lower in the low sugar group.  The authors note that the dietary fibre 

content of the low sugar diet was higher than that of the high sugar diet.  Overall, 

available evidence is insufficient to draw conclusions, but one trial suggests that diets 

differing in their sugar and starch content are unlikely to affect bowel function. 
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Table 3. Digestible carbohydrate and faecal output trial design 
Study Date Study 

design 

Country Subject 

characteristics 

Basal diet Control 

intervention 

Intervention Total 

control 

intake 

(g/d) 

Additional 

intervention 

dose (g/d) 

Dietary 

fibre 

method 

Sample 

size at 

start 

Duration Faecal 

collection 

period (d) 

Number 

collectin

g faeces 

Funding 

Source 

Yadrick 1992 XO – 3d 

washout 

USA Adults; 9M Controlled – low 

dietary fibre 

Low sugar ; high 

refined starch 90% 

carbohydrate intake 

High sugar 70% 

carbohydrate intake; 

low refined starch 

NR NR 1 9 1 wk 7 9 NR 

XO, , cross-over; NR, not reported; d, day; y, year; wk ,week; M, male; F, female. 

 
Table 4. Digestible carbohydrate and faecal output risk of bias assessment 

Study Date Randomisation Sequence generation Allocation 

concealment 

Blinding of participants, personnel and 

outcome assessors 

Incomplete outcome data  Dropouts 

(%) 

Yadrick 1992 Yes NR NR Open No missing outcome data 0 

YES – low risk of bias; No – high risk of bias; Unclear – uncertain risk of bias; NR, not reported. 

 
Table 5. Digestible carbohydrate and faecal output results 

Study Intervention Dose 

(g/d) 

Duration Faecal 

wet 

weight C 

(g/d) 

Faecal 

wet 

weight I 

(g/d) 

Faecal 

dry 

weight C 

(g/d) 

Faecal 

dry 

weight I 

(g/d) 

BM/d C BM/d I Moisture 

C (%) 

Moisture 

I (%) 

Transit 

time C 

(h) 

Transit 

time I (h) 

Transit 

time 

method 

Results 

Yadrick, 

1992 

High sugar 70% 

carbohydrate 

intake; low 

refined starch 

NR 1 wk 95±34 89±29 NR NR 1.03 0.94 NR NR 45±27 65±30 1 No difference between a diet high in simple 

sugars and one low in simple sugars on 

faecal weight or total intestinal transit time 

Intestinal transit time method: 1 (Hinton et al., 1969) 
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The effect of digestible carbohydrate on magnesium and calcium absorption 

Background 

 

69. Cohort before-and-after, single meal and metabolic balance studies have not been 

included in the detailed review, but an overview of their findings is given as 

background.  

 

70. Results of studies in lactose-tolerant adults examining an effect of lactose, or its 

constituent sugars, on calcium or magnesium absorption were inconsistent. Several 

uncontrolled balance studies, but not all (Greenwald et al., 1963), have suggested that 

the disaccharide lactose might increase intestinal calcium absorption (Condon et al., 

1970; Pansu & Chapuy, 1970).  In single meal studies co-administration of lactose has 

been observed to increase calcium fractional absorption, relative to no lactose being 

administered (Kocian et al., 1973; Cochet et al., 1983; Schuette et al., 1991).  

 

71. Several single meal studies have compared cow’s milk with and without lactose on 

fractional calcium absorption.  One study reported no difference between lactose-

containing and lactose-free milk (containing glucose) (Tremaine et al., 1986), another 

observed the milk containing lactose, but not its constituent monosaccharides (glucose 

and galactose), to enhance fractional calcium absorption (Schuette et al., 1991), while 

another observed a decrease in fractional calcium absorption after administration of 

lactose-containing compared with lactose-free milk (containing glucose), in seven out 

of eight subjects, although this result was not statistically significant due to an 

increased absorption in one subject (Griessen et al., 1989a).  A crossover study 

comparing lactose-hydrolysed or un-hydrolysed milk consumed for one week, 

reported no effect of lactose on calcium or magnesium absorption as determined by 

the urinary excretion of magnesium or calcium (Brink et al., 1993).   

 

72. Several single meal studies have shown the constituents of lactose, glucose and 

galactose, to increase fractional calcium absorption relative to no sugar administration 

(Kelly et al., 1984; Wood et al., 1987; Knowles et al., 1988; Griessen et al., 1989c).  

One study observed no difference between lactose, glucose and galactose on calcium 

fractional absorption (Zittermann et al., 2000). 

 

73. Several balance studies, which measured the input and output of a nutrient, rather than 

actual absorption, have examined the effects of lactose on calcium balance in term 

infants, but their results have been inconclusive and the studies have been of small 

sample sizes.  Several studies do suggest that calcium absorption from lactose-free or 

lactose-reduced formulas is lower (Kobayashi et al., 1975; Ziegler & Fomon, 1983; 

Moya et al., 1992), but one larger study did not observe any effect (Moya et al., 

1999).  

 

74. Several balance studies in adults have examined an effect of fructose on calcium and 

magnesium balance.  Two studies have observed fructose, relative to starch, to 

enhance magnesium balance (Holbrook et al., 1989; Milne & Nielsen, 2000), while 

one of which observed fructose to enhance calcium balance (Holbrook et al., 1989) 

and the other did not (Milne & Nielsen, 2000).  Relative to sucrose, high fructose corn 

syrup (which also contains roughly equal amounts of fructose and glucose) had no 
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effect on magnesium or calcium balance (Ivaturi & Kies, 1992).  A single meal study 

observed that the addition of rice cereal to infant formula did not affect the fractional 

absorption of calcium in infants (Garg et al., 1990). 

 

75. In one single meal study, calcium fractional absorption was observed to increase 

when co-administered with apple juice relative to orange juice (Andon et al., 1996)  

The effect was attributed to the differences in the sugar and polyol content of the 

juices. 

Trial design 

 

76. Two trials were included (Garg et al., 1990; Abrams et al., 2002).  The trial design 

details have been summarised in Table 6.  Both trials employed a cross-over design 

with no washout period.  One trial was conducted in adults; the other was conducted 

in infants.  One trial, conducted in controlled conditions, compared the effect of a 

high carbohydrate diet (60% total energy intake either high in sugars or starch) to a 

low carbohydrate/high fat diet on fractional calcium absorption (Garg et al., 1990).  

The carbohydrate content of the diets was reported as being either ‘simple’ or 

‘complex’.  The other trial, conducted in ad libitum conditions, compared lactose-free 

formula (replaced with maltodextrin) with lactose-containing formula on fractional 

calcium absorption (Abrams et al., 2002).  The trial in adults assessed fractional 

absorption using a single isotope technique, while the trial in infants used a dual-

isotope technique. The duration of interventions for both trials was two weeks.  The 

initial sample size was 8 for the trial in adults and 22 for the trial in infants. 

Risk of Bias 

 

77. A summary of the risk of bias assessment has been given in Table 7.  Both trials 

reported being randomised, but only in the infant trials were participants, personnel 

and assessors blind to the intervention.  The trial in adults was open, reflecting the 

nature of the intervention.  The trial in infants reported on drop-out rates and gave 

some description of the causes, but it was unclear from the trial in adults why three 

subjects dropped out. In the trial in infants it seemed unlikely missing outcome data 

were related to the intervention, with similar reasons for missing data across groups.   

 

78. Overall, the quality of study design was good, more so for the trial in infants, and the 

risk of bias generally low, although only one trial reported on the method of 

randomisation and neither reported on how intervention allocation was concealed. 

Results 

 

79. The results have been summarised in Table 8.  In adults, there was no difference in 

the fractional absorption of calcium between those subjects receiving a high 

carbohydrate diet (60% of total energy intake either high in sugars or starch) or a low 

carbohydrate/high fat diet (35% total energy as carbohydrate) (Garg et al., 1990).  

This reported no effect of varying the carbohydrate content of the diet between 35% 

and 60% of total energy intake on calcium absorption.  The high starch carbohydrate 

diet contained 12.5% total energy as sugars and 47.5% as starch; the high simple 

carbohydrate diet contained 37.5% total energy as sugars and 22.5% as starch.   
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80. In infants, lactose supplementation of breast-milk substitute was observed to increase 

the fractional absorption of calcium, relative to lactose-free formula (Abrams et al., 

2002).  The fractional calcium absorption from both infant formulas in the trial was 

within 5% of the value for human milk.  The fractional calcium absorption observed 

in 5- to 7-month-old infants from human milk was 61% ± SD 23 (Abrams et al., 

1997).  Human milk has a much lower calcium content (250mg/L) than the formulas 

(460mg/L), so absorption of calcium from a lactose-free infant formula would be 

adequate to meet the calcium needs of full-term infants at calcium concentrations 

similar to those found in routine lactose-containing infant formulas.   

 

81. The funding sources for both trials were reported, one being Governmental (Garg et 

al., 1990), while the other was Governmental and Comercial (Abrams et al., 2002). 
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Table 6. Calcium absorption trial description 
Study Date Study 

design 

Isotope 

absorption 

method 

Oral 

isotope 

carrier 

Country Subject characteristics Basal diet Control 

intervention 

Intervention Dose (g/d) Sample size 

at start 

Duration Funding Source 

Adults              

Garg 1990 XO - no 

washout 

47Ca water USA Adults aged 21-33y; 8M Controlled high fat diet, 

35% total En 

CHO 

complex or 

simple CHO  

60 % En 8 2 wk National Institutes 

of Health, USA 

              

Infants              

Abrams 2002 XO - no 

washout 

44Ca, 46Ca formula USA infants aged 8–12 wk at enrolment; 16M, 2F ad libitum lactose-free 

formula with 

maltodextrin 

formula with 

lactose 

2.4g/dl 22 2 wk USA Department 

of Agriculture and 

Nestlé USA, Inc 

En, energy; CHO, carbohydrate; M, male; F, female 

 
Table 7. Risk of bias assessment 

Study Date Randomisation Sequence 

generation 

Allocation 

concealment 

Blinding of participants, personnel and outcome 

assessors 

Incomplete outcome data  Dropouts 

(%) 

Adults        

Garg 1990 Yes NR NR Open NR 25 

        

Infants        

Abrams 2002 Yes Randomised 

lottery 

NR Participants, personnel and assessors blind Missing outcome data unlikely to be related to outcome 18 

NR, not reported. 

  
Table 8. Results of Calcium absorption trials 

Study Date Intervention Dose 

(g/d) 

Duration Mineral 

absorption 

determined 

Control % Ca absorbed ± SD Intervention % Ca 

absorbed ± SD 

Results 

Adults         

Garg 1990 Complex 

CHO 

60% En 2 wk Ca 41±9 40.0±21.0 No effect on % Ca absorption of either high complex or high simple CHO diets 

relative to a low carbohydrate/high fat diet  

  Simple CHO 60% En    39.0±9.0  

Infants         

Abrams 2002 Lactose 2.4g/dl 2 wk Ca 56.2±15.3 66.5±11.9 Increased percentage and total absorption of calcium with lactose containing 

formula relative to lactose-free formula 

En, energy; CHO, carbohydrate 

 



 

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the 
final views of SACN or the advice/policy of Public Health England and Health Departments.  

29 

Non-digestible carbohydrate and and colo-rectal function 

  

82. This section has been divided into the following sub-sections: dietary fibre and faecal 

output; resistant starch and faecal output; non-digestible oligosaccharide and inulin, 

polyols and polydextrose and faecal output; and the effects of non-digestible 

carbohydrates on faecal bacteria, short chain fatty acid content and pH. 

 

83. Where sufficient data were available faecal wet weight data have been synthesised.  It 

was not possible to synthesise data on faecal short chain fatty acid concentrations due 

to the different ways in which these data were expressed, e.g. mmol/L; µmol/g or 

mmol/g faeces wet or dry weight or % change.  It was also not possible to synthesise 

data on the bacterial content of faeces due to the different methods employed and the 

different ways in which data were expressed. 

Background 

 

84. There is a large body of work investigating the effect of dietary fibre on faecal 

bulking and intestinal transit time.  While it appears that all sources of dietary fibre 

can increase faecal output, not all fibres are equal in this respect (Cummings, 2001b). 

 

85. Many before-and-after studies in human cohorts have shown wheat bran (10-

40g/day), cooked and raw, or cellulose to increase faecal weight (Cowgill & 

Anderson, 1932; Williams et al., 1936; Marks, 1949; Hamilton et al., 1972; Eastwood 

et al., 1973; Findlay et al., 1974; Jenkins et al., 1975; Payler et al., 1975; Cummings 

et al., 1976a; Cummings et al., 1976b; Fuchs et al., 1976; Wyman et al., 1976; Ismail-

Beigi et al., 1977; Kay & Truswell, 1977; Floch & Fuchs, 1978; Mathur et al., 1978; 

Cummings et al., 1979a; Cummings et al., 1979b; Munoz et al., 1979; Huijbregts et 

al., 1980; Slavin & Marlett, 1980b; Tucker et al., 1981; Marlett et al., 1986; 

Balasubramanian et al., 1987; Hamilton et al., 1988; Villaume et al., 1988; Melcher et 

al., 1991a; Davidsson et al., 1996; Lewis & Heaton, 1997a; Switzer et al., 1997; Chen 

et al., 1998; Pittaway et al., 2007).  One study also showed the effect of wheat bran on 

increasing faecal weight not to be affected by water intake of 600ml/day 

(Ziegenhagen et al., 1991). 

 

86. A dose-response relationship between dietary intake (5-30g/day) of wheat bran and 

faecal weight increase has been shown, with higher doses also reducing intestinal 

transit time (Spiller et al., 1986; Jenkins et al., 1987).  Overall, the effect of wheat 

bran on transit times was less consistent between studies. 

 

87. The particle size of wheat bran may affect its faecal bulking properties, with larger 

particles sizes, e.g. course ground bran compared with fine ground bran, producing 

greater effects on faecal weight and transit times (Brodribb & Groves, 1978; Heller et 

al., 1980; Van Dokkum et al., 1983). Equally, a comparison of intact and ground 

cereals and legumes observed intact seeds to increase faecal output more than ground 

seeds (Hovey et al., 2003).  A comparison of wheat bran and plastic particles reported 

both to have similar effects on faecal output, but only bran increased faecal water 

content (Lewis & Heaton, 1997b). 

 

88. Several studies show replacing white bread with wholemeal bread in the diet results in 
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an increase in faecal output (McCance & Widdowson, 1942a; Andersson et al., 1983; 

Van Dokkum et al., 1983; Wrick et al., 1983; Eastwood et al., 1986; Srikumar, 2000) 

 

89. Studies investigating the effect of other whole cereal fibres on faecal output have 

mostly shown an increase in response to barley fibre (Lupton et al., 1993; Kanauchi et 

al., 1998a; Kanauchi et al., 1998b) corn fibre (Fleming et al., 1983; Fleming & 

Rodriguez, 1983; Sugawara et al., 1991) oat fibre (Calloway & Kretsch, 1978; 

Kretsch et al., 1979; Judd & Truswell, 1981; Anderson et al., 1984; Chen et al., 1998; 

Schaarmann et al., 1999), flax fibre (Dahl et al., 2005a), sorghum fibre (Cornu & 

Delpeuch, 1981; Fedail et al., 1984) and rice fibre (Miyoshi et al., 1986; Miyoshi et 

al., 1987). A comparison of sugar beet fibre with wheat bran reported both as 

effective in increasing faecal weights (Lampe et al., 1993b). 

 

90. Diets rich in fruit and vegetable and/or cereal fibre have been shown to increase faecal 

output (Antonis & Bersohn, 1962; Beyer & Flynn, 1978; Kelsay et al., 1978; Kaneko 

et al., 1986; Reddy et al., 1988; Saito et al., 1991; Nagengast et al., 1993; Gelissen et 

al., 1994; Rao et al., 1994; Haack et al., 1998a; Jenkins et al., 2001), although effects 

on intestinal transit time were less consistent. 

 

91. Differential effects of individual fibres from fruit and vegetables on faecal output 

have also been shown (Drasar & Jenkins, 1976; Raymond et al., 1977; Cummings et 

al., 1978; Stephen & Cummings, 1980a; Wrick et al., 1983), but dietary fibre 

extracted from pea hulls and carrots had no effect on colonic motility in one study 

(Guedon et al., 1996). 

 

92. Increased consumption of carrots (Robertson et al., 1979) and sun-dried raisins 

(Spiller et al., 2003a; Spiller et al., 2003b) has been observed to increase faecal 

output. In some studies increased legume intake was observed to increase faecal 

output (Leeds et al., 1982; Fleming et al., 1985), but in others it did not (Anderson et 

al., 1984; Kurpad et al., 1988), while soybean fibre was observed to increase faecal 

output (Schweizer et al., 1983; Tsai et al., 1983).  Starch-rich foods have also been 

shown to increase faecal output (Flynn et al., 1977; Shetty & Kurpad, 1986). 

 

93. Several studies show faecal output to be increased by psyllium (Gray & Tainter, 1941; 

Prynne & Southgate, 1979; Abraham & Mehta, 1988; Stevens et al., 1988; Tomlin & 

Read, 1988c; Tomlin & Read, 1988a; Miettinen & Tarpila, 1989; Marlett et al., 2000; 

Dahl et al., 2005a).  In one study, bran had a greater effect on transit time than 

psyllium, but psyllium had a greater effect on the amount of water found in the faeces 

and faecal weight (Stevens et al., 1988). 

 

94. Pectin has also been shown to have a small effect on faecal bulking in some studies 

(Durrington et al., 1976; Miettinen & Tarpila, 1977; Cummings et al., 1979c; Ross & 

Leklem, 1981; Vargo et al., 1985). 

 

95. Various isolated and chemically modified fibre fractions and related synthetic 

materials added to manufactured foods have also been investigated in relation to 

faecal bulking.  These generally suggest a faecal bulking effect of polydextrose 

(Tomlin & Read, 1988a; Achour et al., 1994), agar agar (Williams et al., 1936), 

xanthan gum (Eastwood et al., 1987; Tomlin & Read, 1988c; Daly et al., 1993), 

gellan gum (Anderson et al., 1988), gum tragacanth (Eastwood et al., 1984), locust 
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bean gum (Behall et al., 1987), acacia gum (Cherbut et al., 2003), sodium alginate 

(Anderson et al., 1991), glucomannan (Gallaher et al., 2002; Liu et al., 2005; Chen et 

al., 2006) , methyl cellulose (Tainter, 1943; Berberian et al., 1952; Eastwood et al., 

1990) and carboxymethylcellulose (Behall et al., 1987).  Results were conflicting for 

karaya gum (Eastwood et al., 1983; Behall et al., 1987). In one study gum arabic had 

no effect (Ross et al., 1983), while two other studies reported no effect of  guar gum 

on faecal output (Penagini et al., 1986; Tomlin & Read, 1988c).  At higher doses, 

however, guar gum was observed to increase faecal output (Miettinen & Tarpila, 

1989; Takahashi et al., 1993). 

 

96. The results from these studies have been synthesised based on the mean increase in 

faecal weight per gram fibre fed (Cummings, 2001b; Elia & Cummings, 2007).  The 

results from this have been given in Table 9.  Overall, pectin appears to have the least 

effect, while fruit and vegetables and wheat bran are most effective.  

 
Table 9 The weighted mean increase in faecal wet weight per gram dietary fibre fed (Elia & Cummings, 

2007) 

Fibre type or source Mean increase  

(g/g dietary fibre fed) 

Range  

(g//g dietary fibre fed) 

Wheat bran – raw  7.2 3-14.4 

Fruit and vegetables 6.0 1.4-19.6 

Wheat bran – cooked  4.4 2-12.3 

Psyllium 4.0 0.9-6.6 

Oats 3.4 1-5.5 

Other gums and 

mucilages 

3.1 0.3-10.2 

Corn 2.9 2.8-3.0 

Legumes 1.5 0.3-3.1 

Pectin 1.3 0-3.6 

 

97. Other studies have investigated carbohydrates other than dietary fibre. Three studies 

report resistant starch to increase faecal output (van Munster et al., 1994; Hylla et al., 

1998; Maki et al., 2009), while studies using non-digestible oligosaccharide and 

inulin interventions generally show little effect on faecal output (Bouhnik et al., 1997; 

Brighenti et al., 1999). 

 

98. Carbohydrate, when fermented in the colon to short chain fatty acids (SCFA), affects 

the growth and metabolic activities of the microflora.  An increase in faecal 

concentration of SCFA has been shown in response to supplementation with some 

non-digestible carbohydrates, e.g. wheat pentosan, more than inulin (Grasten et al., 

2003) and with oat β-glucans (Nilsson et al., 2008); as has a reduction in faecal pH 

(Kashtan et al., 1990; Melcher et al., 1991a).  Dietary fibre appears to stimulate 

microbial growth non-specifically (Drasar et al., 1976; Fuchs et al., 1976; Floch & 

Fuchs, 1978; Vargo et al., 1985; Sugawara et al., 1991; Rao et al., 1994; Chen et al., 

2006), although in a comparison trial, whole-grain cereals, but not wheat bran, 

selectively increased faecal Bifidobacteria concentration (Costabile et al., 2008), and 

brown rice, relative to polished rice, was also observed to increase faecal 

Bifidobacteria concentration (Benno et al., 1989).  Non-digestible oligosaccharide 

and inulin tend to increase Bifidobacteria species selectively and reduce faecal pH 

(Ito et al., 1993a; Gibson et al., 1995b; Buddington et al., 1996; Bouhnik et al., 1997; 
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Teuri et al., 1998; Brighenti et al., 1999; Kruse et al., 1999; Menne et al., 2000; Rao, 

2001; Guigoz et al., 2002; Harmsen et al., 2002; Euler et al., 2005; Dinoto et al., 

2006; Bouhnik et al., 2007a; Chung et al., 2007; Myung et al., 2007), and this appears 

to be most marked in those volunteers with low starting levels of Bifidobacteria 

species (Tuohy et al., 2001a; Kolida et al., 2007; de Preter et al., 2008). 

 

99. In one study arabinogalactan was shown to increase total faecal anaerobes and 

increase Lactobacillus species (Robinson et al., 2001).  Xylitol supplementation 

shifted faecal microbial populations from Gram-negative to Gram-positive bacteria in 

one study (Salminen et al., 1985) and gum arabic and acacia gum have been reported 

to selectively increase Bifidobacterium species (Wyatt et al., 1986; Cherbut et al., 

2003). 

The effect of dietary fibre on faecal output 

Trial design 

 

100. Forty one articles were identified as eligible (see Appendix 2 for studies excluded) 

(Macrae et al., 1942; Connell & Smith, 1974; Jenkins et al., 1975; Walters et al., 

1975; Cummings et al., 1976a; Southgate et al., 1976; Wyman et al., 1976; Beyer & 

Flynn, 1978; Kelsay et al., 1978; Spiller et al., 1979; Stasse-Wolthuis et al., 1979; 

Spiller et al., 1980; Stasse-Wolthuis et al., 1980; Andersson et al., 1983; Hillman et 

al., 1983; Tsai et al., 1983; Spiller et al., 1986; Behall et al., 1987; Stevens et al., 

1988; Tomlin & Read, 1988b; Kesaniemi et al., 1990; Effertz et al., 1991; Lampe et 

al., 1992; Fredstrom et al., 1994; Marteau et al., 1994; Wisker et al., 1994a; Wisker et 

al., 1994b; Stephen et al., 1995; Cummings et al., 1996; Cherbut et al., 1997; Jenkins 

et al., 1998; Jenkins et al., 1999a; Vuksan et al., 1999; Grasten et al., 2000; Jenkins et 

al., 2000; McRorie et al., 2000; McIntosh et al., 2003; Muir et al., 2004; Johnson et 

al., 2006; Bird et al., 2008; Vuksan et al., 2008), of which two report different aspects 

of the same intervention: (Jenkins et al., 1975; Cummings et al., 1976a) and (Lampe 

et al., 1992; Fredstrom et al., 1994).  Two trials have also been included in study 

design description that only examine the effects of dietary fibre on faecal SCFA 

content and their results have been considered in the section on the effects of non-

digestible carbohydrates on faecal pH and short chain fatty acid content (Noakes et 

al., 1996; Carabin et al., 2009).  The papers have not been sub-divided into classes of 

dietary fibre, as many of the trials investigated the effects of different classes of 

dietary fibres, but for data synthesis the different classes have been considered 

separately. 

 

101. The trial design details have been summarised in Table 10.  Thirty eight trials 

employed a cross-over design, of which 19 did not have a washout period.  The other 

five trials used a parallel design.  All the trials were in adults, mostly younger adults. 

The basal diet was either a controlled diet, where all food was provided and energy 

intakes were controlled, or an ad libitum diet, which usually involved a low dietary 

fibre intake. 

 

 

102. The methods used to measure dietary fibre varied from crude fibre in the early studies 

to the Southgate and Van Soest methods, through to the Englyst method for NSP and 

the AOAC method for total dietary fibre, which includes a significant quantity of 
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resistant starch (for details see the ‘dietary fibre analysis’ section on page 7).  

 

103. The duration of intervention periods ranged from one week to 12 weeks and the 

sample sizes ranged from five to 46.  The funding sources for all trials, where 

reported, were either Governmental or Commercial or both; 33% of trials did not 

report funding sources. 
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Table 10. Dietary fibre and faecal output trial design 
Study Study 

design 

Country Subject 

characteristics 

Basal diet Control intervention Intervention Total 

control 

intake 

(g/d) 

Additional 

intervention 

dose (g/d) 

Dietary 

fibre 

method 

Sample 

size at 

start 

Duration Faecal 

collection 

period (d) 

Number 

collectin

g faeces 

Funding Source 

Macrae, 

1942 

XO - 1 

wk 

washout 

England Adults; 6M Semi-controlled - 

mainly bread 

White bread (530-

630g) 

Medium ground 

wholemeal bread 

NR 10.8 CF 1 6 1 wk 7 6 NR 

      Fine ground wholemeal 

bread 

 11.1 CF 1 6     

Connell, 

1974 

XO - no 

washout 

USA Adults aged 25-45y Ad libitum Cornflakes (1oz) Wheat bran (bran buds 1 

oz) 

NR 8 to 10 DF 3 10 4 wk 7 8 NR 

Jenkins, 

1975 

XO - no 

washout 

England Adults aged 21-25y; 

6M 

Controlled § fluid 

intake constant 

No treatment Wheat bran 17.0  28.0 DF 2 6 3 wk 7 6 British Nutrition 

Foundation 

Walters, 

1975 

XO - no 

washout 

England Adults aged 25-72y; 

19F 

Ad libitum Low-fibre biscuit Bagasse 10.5g (sugar 

cane fibre) 

NR nearly 9 DF 2 19 12 wk 7 9 Cancer Research 

Campaign, Beecham 

Pharmaceutical, 

Medical Reseacrh 

Council 

Southgate

, 1976 

XO - no 

washout 

England Adults aged 65-69y; 

3M, 2F 

Controlled low fibre Low-fibre biscuit Wheat bran (38g) 14.0  13.8 DF 2 5 1 wk 7 5 NR 

Wyman, 

1976 

XO - 1 

wk 

washout 

USA One child (aged 11) 

and Adults aged 25-

41; 10M 

Ad libitum low-fibre 

diet 

Ad libitum low-fibre 

diet 

Raw wheat bran (12g) NR NR 1 10 2 wk 5 10 NR 

    Raw wheat bran (20g)  NR       

    Cooked wheat bran 

(13.2g) 

 NR 1      

      Cooked wheat bran 

(22g) 

 NR 1      

Beyer, 

1978 

XO - no 

washout 

USA Adults aged 21-29y; 

6M 

Controlled  Controlled low fibre High fibre diet   7.6 CF 1 5 5 d 5 6 Doyle Pharmaceurical 

Company, USA 

Kelsay, 

1978 

XO - no 

washout 

USA Adults aged37-58y; 

12M 

Controlled for 

energy intake - no 

whole grain cereals 

or nuts 

Low-fibre diet 

contained fruit and 

vegetable juices 

High fibre diet 

containing fruits and 

vegetables  

NR 16.4 DF 3 12 26 d 7 12 NR 

Spiller, 

1979 

P USA Adults aged 25-65y 

with slow transit 

times 

Ad libitum low-fibre 

diet 

Placebo Psyllium NR 10.0 DF NR 40 3 wk 7 24 NR 

    Ad libitum low-fibre 

diet 

Placebo Cellulose/pectin (70:30)  20.0 DF NR 40 4 wk 7 30  

Stasse- 

Wolthuis, 

1979 

XO - no 

washout 

Holland Adults aged 20-27y; 

23M 23F 

Controlled for 

energy intake 

Low-fibre diet  High fibre diet 

containing cereals and 

fruits and vegetables  

12 .0 33.0 DF 

 
2 46 3 wk 4 46 The Netherlands Heart 

Foundation 

Spiller, 

1980 

P USA Adults aged 23-60y; 

42M, with slow 

transit times 

Ad libitum low-fibre 

diet 

Placebo Cellulose  NR 14.0 DF NR 27 24 d 7 27 NR 

    Ad libitum low-fibre 

diet 

 Pectin  6.0 DF NR 26 24 d 7 26  

Stasse- 

Wolthuis, 

1980 

P Holland Adults aged 18-28y; 

40M, 22F 

Controlled low fibre  Placebo 

 
High fibre diet 

containing fruits and 

vegetables  

14.9 11.6 DF 

 
4 31 5 wk 7 61 The Netherlands Heart 

Foundation 

      Pectin  4.9 DF 4 31 5 wk 7   

      Wheat bran course  10.1 DF 4 32 5 wk 7   

Key for dietary fibre method: 1 crude fibre; 2 Southgate; 3 Van Soest and modifications;4 McCance, Widdowson & Shackleton; 5 Englyst; 6 Prosky 1985/1988 total dietary fibre, AOAC. 

P, parallel; XO, cross-over; NR, not reported; d, day; y, year; wk ,week; M, male; F, female. CF, crude fibre; DF, dietary fibre; NSP, non-starch polysaccharide; TDF, total dietary fibre 
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Dietary fibre and faecal output trial design 
Study Study design Country Subject characteristics Basal diet Control 

intervention 

Intervention Total 

control 

intake 

(g/d) 

Additional 

intervention 

dose (g/d) 

Dietary 

fibre 

method 

Sample 

size at 

start 

Duration Faecal 

collection 

period (d) 

Number 

collectin

g faeces 

Funding Source 

 

Hillman, 

1983 

XO - no 

washout 

New 

Zealand 

Adults aged 21-43; 

8M, 22F 

Ad libitum No treatment Cellulose NR 15.0 DF 2 10 4 wk 2 10 Medical Research Council 

of New Zealand 

      Pectin  15.0 DF 2 10 4 wk 2 10  

Andersson, 

1983 

XO - no 

washout 

England Adults aged 25-55y; 

5M, 1F 

Controlled White bread 

(200g) 

Brown bread (200g) 16.1 23.7 DF 2 6 24 d 6 6 Swedish National Board 

for Technical 

Developments, Marabou 

Company and MEDA, 

Sweden 

      Wholemeal bread (200g)  31.5 DF 2 6 24 d    

Tsai, 1983 XO - 2 wk 

washout 

USA Adults aged 20-30y; 

14M 

Controlled  No treatment Soy polysaccharide 

(25g) 

NR 17.0 DF  14 17 d 4 14 Ralston Purina Company 

Spiller, 1986 XO - no 

washout 

USA Adults aged 18-32y; 

36F 

Ad libitum 

low-fibre 

diet 

White bread  Wheat bran (13.2g) 15.0 5.8 TDF 6 36 13d 5 35 NR 

      Wheat bran (39.6g)  17.4 TDF       

      Wheat bran (66g)  29.0 TDF       

Behall, 1987 XO - no 

washout 

USA Adults aged 23-62y; 

11M 

Controlled 

low fibre  

No treatment Locust bean gum (7.5 g 

fibre/1000 kcal) 

NR 23.7 DF 3 11 4 wk 8 11 NR 

      Karaya gum  24.1 DF       

      Carboxymethylcellulose  23.5 DF       

      Cellulose  23.2 DF       

Tomlin, 

1988 

XO - no 

washout 

England Adults aged 23-30y; 

8M 

Ad libitum 

low-fibre 

diet 

No treatment Rice bran (75g) NR 15.0 DF 5 8 10d 7 8 NR 

      Wheat bran (37.5g)  17.1 DF       

Stevens, 

1988 

XO - no 

washout 

USA Adults aged 22-38y; 

12F 

Semi - 

controlled 

Control cracker Wheat bran 21 19.0 TDF 3 and 6 12 2 wk 7 12 C.D' SearleC ompany 

USA 

      Psyllium  19.0 TDF       

      Wheat bran and 

psyllium 

 19.0 TDF       

Kesaniemi, 

1990 

XO - no 

washout 

Finland Adults aged 34-50y; 

34M* 

Ad libitum  Low fibre diet High fruit, vegetable and 

cereal fibre diet 

11.6 14.6 DF 2 34 8 wk 3 34 Juho Vainio Foundation, 

the Sigrid Juselius 

Foundation, Medical 

Council ofthe Academy of 

Finland, Finnish Life 

Insurance Companies 

Effertz, 

1991 

P USA Overweight adults 

(BMI = 20) mean age 

36y; 1M, 29F 

Ad libitum  Control cracker Soy polysaccharide NR 19.6 TDF 6 40 14 wk 6 17 NR 

Tinker, 1991 XO - no 

washout 

USA Adults with mild 

hypercholesterolemia 

aged 29-79y; 41M 

Ad libitum  Grape juice Prunes (100g/d) NR 6.0 TDF 6 41 4 wk 3 41 California Prune Board 

and National Institutes of 

Health, USA 

Key for dietary fibre method: 1 crude fibre; 2 Southgate; 3 Van Soest and modifications;4 McCance, Widdowson & Shackleton; 5 Englyst; 6 Prosky 1985/1988 total dietary fibre, AOAC. 

P, parallel; XO, cross-over; NR, not reported; d, day; y, year; wk ,week; M, male; F, female. CF, crude fibre; DF, dietary fibre; NSP, non-starch polysaccharide; TDF, total dietary fibre 
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Dietary fibre and faecal output trial design 
Study Study 

design 

Country Subject 

characteri

stics 

Basal diet Control intervention Intervention Total 

control 

intake 

(g/d) 

Additional 

interventio

n dose 

(g/d) 

Dietary 

fibre 

method 

Sample 

size at 

start 

Duration Faecal 

collection 

period (d) 

Number 

collecting 

faeces 

Funding Source 

Lampe, 

1992 

XO - 10 

d 

washout 

USA Adults 

aged 19-

50y; 18M, 

16F 

Controlled fibre-

free formula 

Bread w/o added fibre Wheat bran (10g) 2.1 8.9 TDF 6 46 3 wk 7 34 National Cancer Institute. 

USA 

    Wheat bran (30g)  27.8 TDF       

     Mixed vegetable fibres 

(pea, soy and citrus 

pectin) (10g) 

 12.2 TDF       

      Mixed vegetable fibres 

(30g) 

 34.4 TDF       

Marteau, 

1994 

XO - 3 

wk 

washout 

France Adults 

aged 21-

35y; 5M, 

2F 

Controlled low-

fibre 

Placebo Psyllium (18g) NR NR NR;  7 15 d 6 7 Corps des Medecins des 

H6pitaux de Paris, France 

Wisker, 

1994 

XO - 4 

wk 

washout 

Germany Adults 

aged 22-

31y; 10F 

Controlled Low-fibre bread Citrus fibre concentrate 

(35g/d) added to bread 

NR 24.0 TDF 6 10 4 wk 7 10 NR 

Wisker, 

1994 

XO - 3 

wk 

washout 

Germany Adults 

aged 22-

29y; 12F 

Controlled low-

fibre 

Sugar jelly Carrots raw frozen 

(575g/d) 

NR 15.0 TDF 6 12 3 wk 7 12 NR 

     Carrots blanched frozen 

(508g/d) 

 15.0 TDF       

      Carrots canned (688g/d)  15.0 TDF       

Stephen, 

1995 

XO - no 

washout 

Canada Adults 

aged 19-

38y; 9M 

Controlled low-

fibre 

Bread, cakes, and 

soups w/o 

intervention 

Lentils (130g dry/d) 

incorporated into bread, 

cakes, and soups 

NR 11.8 NSP 

 
5 10 3 wk 7 9 Agriculture Development 

Fund, Canada 

Cummings, 

1996 

XO - no 

washout 

England Adults 

aged 22-

43y 

Controlled Digestible starch - 

slow and rapid (also a 

starch-free group) 

Wheat bran 16.0 15.0 NSP 5;  12 15d 5 12 Ministry of Agriculture, 

Fisheries and Food, UK 

Noakes, 

1996 

XO – no 

washout 

Australia Adults 

aged 44-

64y; 13M, 

10F 

Ad libitum Low-amylose diet 

(maize cornstarch and 

wheat flour 

high amylose diet or a 

diet high in oat bran, 

11-13 

TDF 

28-37; 24-

29 TDF 

6 29 4 wk 1* 23 NR 

Cherbut, 

1997 

XO - 3 

wk 

washout 

France Adults 

aged 24-

48y; 8M, 

10F 

Controlled low-

fibre 

sucrose Maize fibre  NR 15.0 DF NR  9 3 wk 7 18 Roqquette Frères, France 

     Potato fibre  15.0 DF  9     

Jenkins, 

1998 

XO - 2 

wk 

washout 

Canada Adults 

aged 22-

53y; 12M. 

12F 

Ad libitum Low-fibre control Wheat bran 22 23 TDF  6 24 2 wk 4 24 Natural Sciences and 

Engineering Research 

Canada, Nacan Products Ltd., 

Canada 

Jenkins, 

1999 

XO - 2 

wk 

washout 

Canada Adults 

aged 35-

72y; 15M, 

8F 

Controlled Low-fibre control 

bread 

Wheat bran fine particle 

size 

NR 19-20 TDF 6 23 4 wk 3 23 Natural Sciences and 

Engineering Research 

Council of Canada The 

Kellogg Company, Canada 

    Wheat bran medium 

particle size 

 19-20 TDF      

 XO - 2 

wk 

washout 

 Adults 

aged 17-

57y; 12M, 

12F 

Ad libitum Low-fibre control 

cereal 

Wheat bran medium 

particle size 

 19.0 TDF 6 24 2 wk 4 24 

    Wheat bran course 

particle size 

 19.0 TDF       

Key for dietary fibre method: 1 crude fibre; 2 Southgate; 3 Van Soest and modifications;4 McCance, Widdowson & Shackleton; 5 Englyst; 6 Prosky 1985/1988 total dietary fibre, AOAC. 

P, parallel; XO, cross-over; NR, not reported; d, day; y, year; wk ,week; M, male; F, female. CF, crude fibre; DF, dietary fibre; NSP, non-starch polysaccharide; TDF, total dietary fibre; * only effects on faecal SCFA content extracted. 
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Dietary fibre and faecal output trial design 
Study Study 

design 

Country Subject 

characteristics 

Basal diet Control 

intervention 

Intervention Total 

control 

intake 

(g/d) 

Additional 

intervention 

dose (g/d) 

Dietary 

fibre 

method 

Sample 

size at 

start 

Duration Faecal 

collection 

period (d) 

Number 

collecting 

faeces 

Funding Source 

Vuksan, 

1999 

XO - 2 

wk 

washout 

Canada Adults aged 

21-60y; 12M, 

12F 

Ad libitum Low-fibre control 

cereal 

Wheat fibre from 

amylolytic digestion 

16.3  17 TDF 

 
6 24 2 wk 4 24 Natural Sciences and Research 

Council of Canada, and 

Mohawk Canada Ltd. 

      Wheat bran  17 TDF       

Gråsten, 

2000 

XO - 4 

wk 

washout 

Finland Adults aged 

28-51y; 8M, 

9F 

Ad libitum low-

fibre diet 

White wheat bread 

men 

Whole grain rye bread men 15.2  24.2 DF NR 17 4 wk 5 17 Fazer Bakeries Ltd, Vaasan & 

Vaasan Ltd and the 

Technology Development 

Center of Finland.      White wheat bread 

women 

Wholegrain rye bread 

women 

12.7 17.4  DF      

McRorie

, 2000 

P USA Adults aged 

18-82y; 26M, 

24F 

Ad libitum - meals 

provided in 

metabolic ward  

Potato chips Wheat bran (20g) NR  NR NR 12 6 d 6 12 The Proctcr& Gamble 

Company 

      Wheat bran (40g)    12     

Jenkins, 

2000 

XO - 2 

wk 

washout 

Canada Adults aged 

22-57y; 13M, 

12F 

Ad libitum Low-fibre control 

cereal 

Cocoa bran 17.0 25 TDF  6 25 2 wk 4 25 Natural Scienccs and Research 

Council ol' Cannada; Loblaw 

Brands Ltcl 

McIntos

h, 2003 

XO - no 

washout 

Australia Adults aged 

40-65y; 31M 

Ad libitum Ad libitum low 

fibre 

High-fibre wheat diet 19.0 13.0 TDF 6 31 4 wk 3 28 George Weston Foods Ltd and 

the Australian Government 

      High-fibre rye diet  13.0 TDF      

Muir, 

2004 

XO - 1 

wk 

washout 

Australia Adults aged 

22-67y; 11M, 

9F ** 

Ad libitum low-

fibre and RS 

Low fibre and RS 

foods 

Wheat bran 22.5 7.2 TDF;  6  20 3 wk 5 20 National Health and Medical 

Research Council of Australia 

and Meat and Livestock 

Australia 

Johnson, 

2006 

XO - 4 

wk 

washout 

Australia Adults aged 

24-64y; 38M 

Semi-controlled 

excluding legumes 

Low-fibre control 

w/o intervention 

Legume fibre (lupin kernel)  23.2 22.2 DF NR -  44 4 wk 3 38 Grains Research and 

Development Corporation, the 

Australian Research Council 

Bird, 

2008 

XO - no 

washout 

Australia Adults aged 

31-66y; 11M, 

13F 

Ad libitum low-

fibre 

Refined cereals Wholemeal wheat 21·4 11.0 TDF 6 24 4 wk 2 18 CSIRO and ACVL Ltd. 

      Barley novel hull-less 

(Himalaya 292) 

 23.2 TDF       

Vuksan, 

2008 

XO - 1 

wk 

washout 

Canada Adults aged 

19-59y; 12M, 

11F 

10 d ad libitum 

followed by 11 d 

controlled 

Low-fibre control 

cereal 

Wheat bran 12.2 26.6 TDF 6 25 3 wk 7 23 Kellogg Company 

      Wheat and corn bran  25.3 TDF       

      Wheat bran and psyllium  27.6 TDF       

      Wheat and corn bran and 

fibre preparation (70% 

glucomannan and 30% 

xanthan) 

 26.1 TDF       

Carabin, 

2009 

P Canada Adults aged 

18-55y; 25M, 

29 F 

Ad libitum Skim milk powder Konjac powder, sodium 

alginate, and xanthan gum 

NR 10 TDF 6 54 3 wk 1*** 54 InovoBiologic, Inc., Canada. 

§ eating only food prepared in a metabolic kitchen controlled for energy intake; * Three subjects had mild hypertension and they received small doses of diuretics or beta-blockers. Three subjects had gallstones, one had a history of myocardial infarction, and 

one had maturity-onset diabetes mellitus treated with sulphonylurea. ** Eighteen subjects had a close family history of colorectal cancer (first degree relative), and 2 subjects had previously had colonic adenomas removed. One male subject had well-controlled 

type 2 diabetes. 

Key for dietary fibre method: 1 crude fibre; 2 Southgate; 3 Van Soest and modifications;4 McCance, Widdowson & Shackleton; 5 Englyst; 6 Prosky 1985/1988 total dietary fibre, AOAC. 

P, parallel; XO, cross-over; NR, not reported; d, day; y, year; wk ,week; M, male; F, female.  CF, crude fibre; DF, dietary fibre; NSP, non-starch polysaccharide; TDF, total dietary fibre; *** only effects on faecal SCFA content extracted. 
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Risk of bias 

 

104. A summary of the risk of bias assessment has been given in Table 11.   

  

105. Eleven trials were not randomised and only one of the randomised trials reported the 

method of sequence generation.  Most of the trials were open with only five being 

blind to both participants and personnel and one blind to participants only. This 

reflected the nature of most of the interventions. 

  

106. The dropout percentages were generally low with thirty one trials reporting no 

missing outcome data.  Drop-out rates ranged up to 26%, with four trials having 20% 

or more. In those that reported drop-outs, either missing outcome data were balanced 

in numbers across intervention groups, with similar reasons for missing data across 

groups, or missing outcome data were unlikely to be related to the intervention. 
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Table 11. Dietary fibre and faecal output trial risk of bias assessment 
Study Date Randomisation Sequence generation Allocation 

concealment 

Blinding of participants, personnel and 

outcome assessors 

Incomplete outcome data  Dropouts 

(%) 

Macrae 1942 Yes NR NR Open No missing outcome data 0 

Connell 1974 No - - Open Missing outcome data similar in numbers across intervention groups 20 

Jenkins  1975 No - - Open No missing outcome data 0 

Walters 1975 No - - Open No missing outcome data 0 

Southgate 1976 No - - Open No missing outcome data 0 

Wyman 1976 Yes NR NR Open No missing outcome data 0 

Beyer 1978 No - - Open No missing outcome data 0 

Kelsay 1978 No - - Open No missing outcome data 0 

Spiller 1979 No - - Participants and personnel blind No missing outcome data 0 

Stasse- Wolthuis 1979 No - - Open No missing outcome data 0 

Spiller 1980 No - - Open Missing outcome data unlikely to be related to outcome 4 

Stasse- Wolthuis 1980 No - - Open No missing outcome data 0 

Hillman 1983 Yes NR NR Open No missing outcome data 0 

Andersson 1983 Yes NR NR Open No missing outcome data 0 

Tsai 1983 Yes NR NR Open No missing outcome data 0 

Spiller 1986 Yes NR NR Open Missing outcome data unlikely to be related to outcome 3 

Behall 1987 Yes NR NR Open No missing outcome data 0 

Tomlin 1988 Yes NR NR Open No missing outcome data 0 

Stevens 1988 No - - Open No missing outcome data 0 

Kesaniemi 1990 Yes NR NR Open No missing outcome data 0 

Effertz 1991 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome 25 

Tinker 1991 Yes NR NR Open No missing outcome data 0 

Lampe  1992 Yes NR NR Open Missing outcome data unlikely to be related to outcome 26 

Marteau 1994 Yes NR NR Participants and personnel blind No missing outcome data 0 

Wisker 1994 Yes NR NR Open No missing outcome data 0 

Wisker 1994 Yes NR NR Open No missing outcome data 0 

Stephen 1995 Yes NR NR Open Missing outcome data unlikely to be related to outcome 10 

NR, not reported. 
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Dietary fibre and faecal output trial risk of bias assessment 
Study Date Randomisation Sequence generation Allocation 

concealment 

Blinding of participants, personnel and 

outcome assessors 

Incomplete outcome data  Dropouts 

(%) 

Cummings  1996 Yes NR NR Open No missing outcome data 0 

Noakes 1996 Yes NR NR Open Missing outcome data unlikely to be related to outcome 20 

Cherbut 1997 Yes NR NR Participants and personnel blind No missing outcome data 0 

Jenkins 1998 Yes NR NR Open No missing outcome data 0 

Jenkins 1999 Yes NR NR Open No missing outcome data 0 

Vuksan 1999 Yes NR NR Open Missing outcome data unlikely to be related to outcome 13 

Gråsten 2000 Yes NR NR Open No missing outcome data 0 

McRorie 2000 Yes NR NR Open No missing outcome data 0 

Jenkins 2000 Yes NR NR Participants and personnel blind No missing outcome data 0 

McIntosh 2003 Yes Randomly generated 

numbers 

NR Open Missing outcome data unlikely to be related to outcome 10 

Muir 2004 Yes NR NR Open No missing outcome data 0 

Johnson 2006 Yes NR NR Participants blind only Missing outcome data unlikely to be related to outcome  14 

Bird 2008 Yes NR NR Open Missing outcome data unlikely to be related to outcome  25 

Vuksan 2008 Yes NR NR Open Missing outcome data unlikely to be related to outcome  8 

Carabin 2009 Yes NR NR Participants and personnel blind No missing outcome data 0 

NR, not reported. 
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Results 

 

107. The findings from all trials have been summarised in Table 18.  Outcome data, 

expressed as mean with standard deviation (where extractable), have been given for 

faecal wet and dry weights, bowel frequency, faecal moisture content and total 

intestinal transit time.   

 

108. Most of the trials reported on the effect of wheat fibre on faecal output.  Eighteen of 

these articles had sufficient variance data to be synthesised on the basis of faecal wet 

weight data (Connell & Smith, 1974; Jenkins et al., 1975; Southgate et al., 1976; 

Wyman et al., 1976; Stasse-Wolthuis et al., 1980; Andersson et al., 1983; Spiller et 

al., 1986; Stevens et al., 1988; Tomlin & Read, 1988b; Cummings et al., 1996; 

Jenkins et al., 1998; Jenkins et al., 1999a; Vuksan et al., 1999; McRorie et al., 2000; 

McIntosh et al., 2003; Muir et al., 2004; Bird et al., 2008; Vuksan et al., 2008).  

There were insufficient trials on other dietary fibre classes to warrant data synthesis 

and these have been discussed below and mean difference values for wet faecal 

weight data tabulated.  Four trials were excluded from the analysis as additional doses 

of dietary fibre were less than 10g/day or more than 25g/day (Connell & Smith, 1974; 

Jenkins et al., 1975; Wyman et al., 1976; Muir et al., 2004).  For cross-over trials 

with multiple intervention groups, all relevant experimental intervention groups were 

combined into a single group in order to create a single pair-wise comparison, as 

recommended by the Cochrane Handbook for systematic reviews of interventions. 

 

109. Fifteen trials reported on wheat fibre (dose range included 10-25g/day; mean 

approximately 17g/day if NSP, DF and TDF values were used together) in relation to 

faecal wet weight, providing 15 mean difference measures with a total of 591 data 

points (see Figure 1).  The results of the meta-analysis have been summarised in 

Table 28.  There was no significant evidence of heterogeneity between trials (see 

Table 12).  For all analyses tests for publication bias (Egger’s linear regression test) 

were not significant. 

 

110. The effects on faecal weight were highly significant (p<0.001), with a mean 

difference of 68g/day (95% CI: 59-77).  There was a large degree of variation around 

the point estimates for change in faecal weight in many trials, as can be seen from the 

95% confidence intervals (see Figure 1).  Overall, the effect of wheat fibre on faecal 

wet weights broadly equated to a 4g increase in faecal wet weight per 1g wheat fibre, 

if NSP, DF and TDF dose values were used together. 

 
Table 12. Results of meta-analysis for all wheat fibre (dose range included 10-25g/day) and faecal wet 

weight 

Model Pooled mean difference estimate
1
 

 No.
2
 MD g/d (95%CI) Z (p-value) 

Random effect 15 68 (59-77) 14.78(p<0.001) 
1
 I

2
 = 0.00% (95% CI 0.00-53.61%); p for test of heterogeneity = 0.780 

2
 No. of RR estimates included in pooled analysis. 
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Figure 1. Forest plot of wheat fibre (10-25g/d) and faecal wet weight 

Author (year)

Southgate (1976)

Stasse- Wolthuis (1980)

Andersson (1983)

Spiller (1986)

Tomlin (1988)

Stevens (1988)

Cummings  (1996)

Jenkins (1998)

Jenkins (1999)

Jenkins (1999)

Vuksan (1999)

McIntosh (2003)

McRorie (2000)

Bird (2008)

Vuksan (2008)

Synthesis

Dose (g/d)

14 DF

10 DF

15 TDF

17 TDF

17 TDF

19 TDF

15 NSP

23 TDF

19 TDF

19 TDF

17 TDF

13 TDF

17 TDF

11 TDF

25 TDF

Weight %

6.33%

15.42%

0.52%

8.99%

2.28%

14.49%

10.75%

1.99%

2.68%

9.48%

4.84%

2.75%

1.34%

2.19%

15.95%

100%

Mean difference (95%CI)

74 (38; 109)

78 (55; 101)

99 (-26; 224)

66 (36; 96)

60 (1; 120)

56 (32; 80)

91 (64; 118)

95 (31; 159)

63 (8; 117)

44 (14; 73)

63 (22; 104

54 (-1; 108)

81 (3; 159)

37 (-24; 98)

71 (48; 94)

68 (59; 77)

-50 0 50 100 150 200 250

Mean difference (g/d)

 
DF, dietary fibre; NSP, non-starch polysaccharide; TDF, total dietary fibre. 
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Figure 2. Forest plot of the effect of wheat fibre on total intestinal transit time in relation to control transit time 

 
CF, crude fibre; DF, dietary fibre; NSP, non-starch polysaccharide; TDF, total dietary fibre.

Author (year) 

Connell (1974) 

Stasse - Wolthuis (1980) 

Spiller (1986) 

Spiller (1986) 

Stevens (1988) 

Wyman (1976) 

Jenkins  (1975) 

Tomlin (1988) 

Cummings  (1996) 

Muir (2004) 

Andersson (1983) 

Vuksan (2008) 

Vuksan (1999) 

Control group mean 
tansit time (hours)   

93  

91 

76 

76 

70 

65  

57 

53  

53  

48  

46  

41  

31  

Dose (g/d) 

8 - 10 CF 

10 DF 

29 TDF 

17 TDF 

19 TDF 

6 CF 

28 DF 

17 TDF 

15 NSP 

7 TDF 

15 TDF 

25 TDF 

17 TDF 

Mean difference (95% CI) 

- 49.0 ( - 80.9;  - 17.1) 

- 43.0 ( - 55.5;  - 30.5) 

- 27.1 ( - 46.8;  - 7.4) 

- 17.8 ( - 42.6; 7.1) 

- 23.4 ( - 37.2;  - 9.6) 

- 16.0 ( - 35.0; 3.0) 

- 17.5 ( - 27.2;  - 7.8) 

- 10.7 ( - 29.1; 7.7) 

- 9.7 ( - 20.5; 1.1) 

- 11.0 ( - 19.5;  - 2.5) 

- 7.0 ( - 47.1; 33.1) 

- 9.5 ( - 18.2;  - 0.8) 

- 0.2 ( - 8.5; 8.2) 

- 100 - 80 - 60 - 40 - 20 0 20 40 

Mean difference (hours) 
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111. Most of the wheat fibre trials reported an increase in faecal wet and dry weight and, 

less consistently, a decrease in total intestinal transit time.  When the effect of wheat 

fibre on total intestinal transit time was plotted in order of decreasing control transit 

times (see Figure 2), the reduction in transit times in response to wheat fibre was most 

marked in those subjects with initially high values.  This has also been observed in 

trials conducted in patients with constipation (see page 140).  A dose-response effect 

of wheat fibre on total intestinal transit times was observed in one trial (Spiller et al., 

1986) and, generally, transit times were reduced at higher doses of wheat fibre 

supplementation (see Table 18).  The different methods used to measure transit time 

make direct comparison between studies difficult, but overall it appears that the effect 

size on transit time was dependent on initial time in the study population and, to a 

lesser extent, the dose of dietary fibre.  When the effect of wheat fibre on faecal wet 

weight was plotted in order of decreasing control faecal wet weights (data not shown), 

there was no appreciable difference in response to wheat fibre between subjects 

populations with initially high or low faecal wet weights.   

 

112. A dose-response effect of wheat fibre on faecal weight was observed in two trials 

(Spiller et al., 1986; Lampe et al., 1992), while one trial reported no difference 

between 20g/day and 40g/day wheat bran on increasing faecal weight (McRorie et al., 

2000).  Several trials showed consumption of whole grain wheat bread increased 

faecal wet and dry weights relative to white bread (Macrae et al., 1942; Andersson et 

al., 1983; Grasten et al., 2000).  

 

113. Two trials, one where intakes were ad libitum and the other controlled, reported no 

effect of wheat bran particle size on faecal weight or faecal water content (Jenkins et 

al., 1999a).  One other trial observed medium ground wholemeal bread to produce 

significantly bulkier stools than fine ground wholemeal bread (Macrae et al., 1942).  

Raw bran, but not cooked bran, significantly increased faecal dry weight and 

decreased transit time in one trial (Wyman et al., 1976). 

 

114. Five trials reported that high fibre diet containing cereals, fruits and vegetables were 

effective in increasing faecal wet and dry weights and decreasing transit times (see 

Table 13) (Beyer & Flynn, 1978; Kelsay et al., 1978; Stasse-Wolthuis et al., 1979; 

Stasse-Wolthuis et al., 1980; Kesaniemi et al., 1990).  Overall, a high fibre diet 

containing cereals, fruits and vegetables had very significant effects on faecal weight 

and the observed effect sizes were similar to those observed for wheat fibre alone; 

also, total intestinal transit time reductions were observed in relation to transit times 

of between 40-55 hours in the control group.  

 

115. Five trials reported that cereal fibres other than wheat were effective in increasing 

faecal wet weights (see Table 14).  A novel barley (containing more resistant starch 

and NSP than normal barley) increased faecal wet weight to a similar extent as 

wholemeal wheat (Bird et al., 2008).  Both rye and wheat high-fibre diets were shown 

to increase faecal wet weight equally (McIntosh et al., 2003), while another trial also 

reported that whole grain rye bread increased faecal weights and decreased transit 

time (Grasten et al., 2000).  In one trial maize fibre increased faecal wet and dry 

weight and reduced transit time (Cherbut et al., 1997).  Rice bran was also observed 

to increase faecal weight and decrease total intestinal transit times  (Tomlin & Read, 

1988b).  Very significant effects on faecal weight were observed with effect sizes 

similar to those observed for wheat fibre alone; also, total intestinal transit time 
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reductions were observed in relation to transits times of between 40-55 hours in the 

control group. Overall, cereal fibres other than wheat had very significant effects on 

faecal weight and observed effect sizes were similar to those observed for wheat fibre 

alone; also, reductions in total intestinal transit time were observed in relation to 

transits times of between 40-60 hours in the control group. 

 

116. The faecal wet weight and total intestinal transit time mean difference values for fruit 

and vegetable fibres have been given in Table 15.   A comparison between a vegetable 

fibre mixture (pea fibre, soy polysaccharide and pectin) and wheat bran reported 

wheat bran at equivalent doses to be more effective in increasing faecal weight and 

reducing transit time than vegetable fibre (Lampe et al., 1992).  Only 30g/day, but not 

10g/day, vegetable fibre mixture resulted in greater faecal weights with no significant 

effect on transit time observed.  Legume fibre increased faecal wet weight, moisture 

content and bowel frequency and decreased transit time (Johnson et al., 2006). Other 

trials reported lentils (dry 130g/day) increased faecal weight (Stephen et al., 1995), 

and carrot consumption (500-600g/day) also increased faecal wet and dry weight and 

moisture content (Wisker et al., 1994b).  Potato fibre increased faecal wet and dry 

weight, but did not affect transit time (Cherbut et al., 1997).  Soy polysaccharide 

increased faecal weight without affecting transit time, in two trials (Tsai et al., 1983; 

Effertz et al., 1991).  Other trials reported that sugar cane fibre (Walters et al., 1975) 

and cocoa bran (Jenkins et al., 2000) increased faecal weights; no significant effect of 

sugar cane fibre was observed on transit by radio-opaque pellet method, but an effect 

was observed for carmine dye method (Walters et al., 1975).  One trial reported that 

prunes (providing 6g dietary fibre/day) increased faecal wet weight and dry weight, 

but had no effect on percent water (Tinker et al., 1991), while three other trials 

reported that higher amounts of fruit and vegetable fibres increased faecal wet and dry 

weight and, less consistently, increased the faecal moisture content (Wisker et al., 

1994a; Cherbut et al., 1997; Johnson et al., 2006).   

 

117. Three trials examined the effect of pectin on faecal output (see Table 16) (Spiller et 

al., 1980; Stasse-Wolthuis et al., 1980; Hillman et al., 1983), but these reported no 

effect on faecal weight or intestinal transit time. Cellulose and carboxy-

methylcellulose increased both wet and dry faecal weights and decreased transit times 

to a similar extent as wheat fibre (Spiller et al., 1980; Hillman et al., 1983; Behall et 

al., 1987).   

 

118. Two trials reported that psyllium increased faecal wet and dry weights, percentage 

water and bowel frequency, without significantly affecting transit times (see Table 17) 

(Stevens et al., 1988; Marteau et al., 1994).  Two trials investigated wheat bran and 

psyllium together, one reported increased faecal weight over wheat bran alone 

(Vuksan et al., 2008), while the other did not (Stevens et al., 1988).  In one trial 

psyllium and a cellulose/pectin mixture equally increased faecal wet weight, but only 

cellulose/pectin decreased transit time (Spiller et al., 1979). In another trial the food 

additives locust bean gum and karaya gum increased faecal wet and dry weight, 

without effect on transit time (Behall et al., 1987). 
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Table 13. Faecal wet weight and transit time mean difference values for high fibre diets including cereal, 

fruit and vegetable fibres 

Study Intervention Dose * (g/d) Faecal wet wt mean 

difference g/d (95% CI) 

Transit time 

mean difference 

(hours, 95% CI)  

Control mean 

transit time 

(hours±sd) 

      

Beyer, 1978 High fibre diet  7.6 CF 105 (71 to 139) -36 (-42 to -30) 47±7 

Kelsay, 1978 High fibre diet 

containing fruits and 

vegetables  

16.4 DF 120 (95 to 145) -14 (-25 to – 3) 52±14 

Stasse- 

Wolthuis, 1979 

High fibre diet 

containing cereals 

and fruits and 

vegetables  

33 DF 155 (89 to 141) -18 (-24 to -12) 55±17 

Kesaniemi, 

1990 

High fruit, vegetable 

and cereal fibre diet 

14.6 DF 53 (28 to 78)   

Vuksan, 2008 Wheat and corn bran 

and viscous fibre 

preparation  

26.1 TDF 69 (39 to 99) -12 (-21 to -3) 41±19 

* as reported; CF, crude fibre; DF, dietary fibre; TDF, total dietary fibre. 

 
Table 14. Faecal wet weight and transit time mean difference values for cereals other than wheat 

Study Intervention Dose * (g/d) Faecal wet wt mean 

difference g/d (95% CI) 

Transit time 

mean difference 

(hours, 95% CI)  

Control mean 

transit time 

(hours±sd) 

      

Tomlin, 1988 Rice bran  15.0 DF 134 (75 to 194) -10 (-30 to 10) 53±23 

Cherbut, 1997 Maize fibre  15.0 DF 36 (18 to 54) -28 (-51 to -5) 61±29 

Gråsten, 2000 Whole grain rye 

bread men 

24.2 DF 137 (60 to 214) -8.5 (-22 to 5) 39±16 

Gråsten, 2000 Wholegrain rye 

bread women 

17.4 DF 52 (-4 to 108) -11 (-28 to 5) 56±22 

McIntosh, 

2003 

High-fibre rye cereal 

and bread diet 

13.0 TDF 75 (28 to 122)   

Bird, 2008 Novel barley 23.2 TDF 50 (-7 to 107)   

* as reported; CF, crude fibre; DF, dietary fibre; TDF, total dietary fibre. 
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Table 15. Faecal wet weight and transit time mean difference values for fruit and vegetable fibres 

Study Intervention Dose * (g/d) Faecal wet wt mean 

difference g/d (95% CI) 

Transit time 

mean difference 

(hours, 95% CI)  

Control mean 

transit time 

(hours±sd) 

      

Stasse- 

Wolthuis, 1980 

High fruit and 

vegetable diet  

11.6 DF 49 (21 to 77) -38 (-30 to -16) 91±39 

Tinker, 1991 Prunes (100g/d) 6.0 TDF 38 (2 to 74)   

Lampe, 1992 Mixed vegetable 

fibres *** 

12.2 TDF 12**   

 Mixed vegetable 

fibres 

34.4 TDF 45**   

Wisker, 1994 Citrus fibre (35g/d)  24.0 TDF 36 (-6 to 78)   

Wisker, 1994 Carrots (575g/d) 15.0 TDF 56**   

Stephen, 1995 Lentils (130g dry/d)  11.8 NSP 59 (17 to 100) -2.8 (-17 to 11) 46±18 

Cherbut, 1997 Potato fibre 15.0 DF 36 (10 to 62) -6 (-24 to 11) 62±19 

Johnson, 2006 Legume fibre (lupin 

kernel)  

22.2 TDF 36 (1 to 71) -7 (-14 to -1) 44±17 

      

Tsai, 1983 Soy polysaccharide 

(25g) 

17.0 36 (-1 to 74) 3 (-5 to 11) 26±10 # 

Effertz, 1991 Soy polysaccharide 19.6 TDF 11 (-14 to 36) -12 (-27 to 3.6) 58±9 

      

Walters, 1975 Bagasse 10.5g 

(sugar cane fibre) 

9.0 DF 51 (35 to 68) -10 (-23 to 4) 47±27 

Jenkins, 2000 Cocoa bran 25.0 TDF 56 (19 to 93)   

* as reported; **, no variance data reported;  ***pea, soy and citrus pectin; # as measured 

by ‘first appearance’ coloured dye method;  DF, dietary fibre; TDF, total dietary fibre; 

NSP, non-starch polysaccharide 
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Table 16. Faecal wet weight and transit time mean difference values for purified dietary fibres. 

Study Intervention Dose * (g/d) Faecal wet wt mean 

difference g/d (95% CI) 

Transit time 

mean 

difference 

(hours, 95% 

CI)  

Control mean 

transit time 

(hours±sd) 

      

Spiller, 1980 Pectin 6.0 1 (-20 to 21) 4.8 (-38 to 47) 115±58 

Stasse- 

Wolthuis, 1980 

Pectin 4.9 11 (-12 to 34) -28 (-54 to -2) 91±39 

Hillman, 1983 Pectin 15.0 -16 (-81 to 48) 6.3 (-10 to 23) 51±24 

      

Spiller, 1980 Cellulose  14.0 44 (19 to 69) -53 (-86 to -

20) 

115±58 

Hillman, 1983 Cellulose 15.0 75 (5 to 145) -15 (-29 to 0) 55±20 

Behall, 1987 Cellulose 23.2 47 (9 to 86) -3 (-12 to 7) 27±14 # 

Behall, 1987 Carboxymethyl-

cellulose 

23.5 167 (102 to 233) -3 (-12 to 7) 27±14 # 

* as reported; # as measured by ‘first appearance’ coloured dye method; DF, dietary fibre; 

TDF, total dietary fibre; NR, not reported. 

 

Table 17. Faecal wet weight and transit time mean difference values for psyllium and food additives 

Study Intervention Dose * (g/d) Faecal wet wt mean 

difference g/d (95% CI) 

Transit time 

mean difference 

(hours, 95% CI)  

Control mean 

transit time 

(hours±sd) 

      

Spiller, 1979 Psyllium 10.0 DF 39**   

Stevens, 1988 Psyllium 19.0 TDF 84 (57 to 111) -11 (-25 to 3) 70±22 

Marteau, 1994 Psyllium 18g/d NR 109 (76 to 142) -11 (-31 to 9) 53±21 

Stevens, 1988 Wheat bran and 

psyllium 

19.0 DF 64 (42 to 86) -15 (-30 to -1) 70±22 

Vuksan, 2008 Wheat bran and 

psyllium 

27.6 DF 119 (80 to 158) -10 (-21 to 1) 41±19 

      

Behall, 1987 Locust bean gum  23.7 DF 52 (12 to 92) 3 (-8 to 13) 27±14 # 

Behall, 1987 Karaya gum 24.1 DF 61 (17 to 105) 1 (-12 to 12) 27±14 # 

* as reported; **, no variance data reported; DF, dietary fibre; TDF, total dietary fibre. 
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Table 18. Dietary fibre and faecal output trial results 
Study Intervention Dose 

(g/d) 

Duration Faecal 

wet 

weight C 

(g/d) 

Faecal 

wet 

weight I 

(g/d) 

Faecal 

dry 

weight C 

(g/d) 

Faecal 

dry 

weight I 

(g/d) 

BM/d C BM/d I Moisture 

C (%) 

Moisture 

I (%) 

Transit 

time C 

(h) 

Transit 

time I (h) 

Transit 

time 

method 

Results 

Macrae, 1942 Medium ground 

wholemeal bread 

10.8 CF 1 wk 62±20 283±36 18±3 69±6        Medium ground wholemeal bread produced 

significantly bulkier stools than fine ground 

wholemeal flour bread - both increased 

faecal weight compared with control 

 Fine ground 

wholemeal bread 

11.1 CF  62±20 232±25 18±3 69±7        

Connell, 

1974 

Wheat bran (bran 

buds 1 oz) 

8 to 10 

DF 

4 wk 123±27 240±82       93±45 44±10 1 Wheat bran increased faecal weight and 

decreased intestinal transit time 

Jenkins, 1975 Wheat bran 28.0 DF 3 wk 79±7 228±30 21±2 45±6   73.0 80.0 58±8 40±9 2 Wheat bran increased faecal weight and 

decreased intestinal transit time. 

Walters, 

1975 

Bagasse 10.5g 

(sugar cane fibre) 

nearly 9 

DF 

12 wk 88±19 140±31 22±5 33±5     47±27 37±12 1 (80% 

in stool) 

Bagasse increased wet and dry faecal 

weight, but no significant effect on transit 

by radio-opaque pellet method, but effect 

observed for carmine dye method 

Southgate, 

1976 

Wheat bran  (38g) 13.8 DF 1 wk 93±23 166±34 23±3 38±19   75.0 77.0    Wheat bran increased faecal weight and 

water excretion 

Wyman, 

1976 

Raw wheat bran 

(20g) 

5.9 CF 2 wk 131±53 159±41 30±9 38±10 1.0±0.3 1.1±0.3 75.0±4.4 75.9±3.5 65±25 48±22 1 (80% 

in stool) 

No effect of wheat bran on wet faecal 

weight or water content, but raw bran, not 

cooked bran, increased dry weight and 

decreased transit time 

 Cooked wheat 

bran (13.2g) 

3.6 CF  131±53 139±27 30±9 37±10 1.0±0.3 1.1±0.4 75.0±4.4 73.0±6.3 65±25 58±19  

 Cooked wheat 

bran (22g) 

5.8 CF  131±53 164±63 30±9 35±10 1.0±0.3 1.1±2.3 75.04.4 77.0±4.1 65±25 50±28  

Beyer, 1978 High fibre diet  7.6 CF 5 d 51±12 157±37 NR NR NR NR NR NR 47±7 11±2  High-fibre diet increased faecal wet weight 

relative to a low-fibre diet; transit time only 

measured in half the subjects but was 

observed to decrease with increased fibre 

intake 

Kelsay, 1978 High fibre diet 

containing fruits 

and vegetables  

16.4 DF 26 d 89±32 209±31 23±7 52±9   73.0±3.1 74.6±3.1 52±14 38±14 3 Fruit and vegetable fibre -rich diet increased 

wet and dry faecal weight, faecal water 

excretion, but not percentage water, and 

decreased transit time. 

Spiller, 1979 Psyllium 10.0 DF 3 wk 62 101       NE NE 1 (80% 

in stool) 

Psyllium and cellulose/pectin equally 

increased faecal wet weight and faecal 

water excretion, but only cellulose/pectin 

decreased transit time relative to placebo 

 Cellulose/pectin 

(70:30) 

20.0 DF   104       NE NE 1 (80% 

in stool) 

Stasse- 

Wolthuis, 

1979 

High fibre diet 

containing cereals 

and fruits and 

vegetables  

33.0 DF 

 
3 wk 69±50 184±75 18±10 25±6 0.7±0.5 1.4±0.6   55±17 37±12 2 High-fibre diet increased faecal wet and dry 

weight, bowel frequency and decreased 

transit time 

Spiller, 1980 Cellulose  14.0 DF 24 d 54±26 97±39       115±58 62±24 1 (80% 

in stool) 

Cellulose, but not pectin, increased faecal 

wet weight and decreased transit time.  .  

 Pectin 6.0 DF   54±27       115±58 120±53 1 (80% 

in stool) 

Intestinal transit time methods: 1 (Hinton et al., 1969); 2: (Cummings et al., 1976b); 3: Coloured dyes – ‘first appearance’ method; h, hour; d, day; y, year; wk ,week; LSM, least squared means; SCFA, short chain fatty acid; RS, resistant starch. I, intervention; 

C, control. BM, bowel motion. CF, crude fibre; DF, dietary fibre; NSP, non-starch polysaccharide; TDF, total dietary fibre. NE, not extractable. 
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Dietary fibre and faecal output trial results 
Study Intervention Dose 

(g/d) 

Duration Faecal 

wet 

weight C 

(g/d) 

Faecal 

wet 

weight I 

(g/d) 

Faecal 

dry 

weight C 

(g/d) 

Faecal 

dry 

weight I 

(g/d) 

BM/d C BM/d I Moisture 

C (%) 

Moisture 

I (%) 

Transit 

time C 

(h) 

Transit 

time I (h) 

Transit 

time 

method 

Results 

Stasse- 

Wolthuis, 

1980 

High fibre diet 

containing fruits 

and vegetables  

11.6 DF 

 
5 wk 88±35 137±44 24±4 23±4 0.8±0.4 1.0±0.3   91±39 53±22 2 High fibre diet and more so bran, but not 

pectin, increased faecal weight.  Bran and 

the high fibre diet decreased transit time, 

but the control group had a significant 

increase from baseline. 

 Pectin 4.9 DF   99±29 24±4 24±2 0.8±0.4 0.9±0.4   91±39 63±35 2 

 Wheat bran course 10.1 DF   166±31 24±4 22±4 0.8±0.4 1.0±0.3   91±39 48±19 2 

Hillman, 

1983 

Cellulose 15.0 DF 4 wk 133±63 208±94       55±20 40±13 2 Cellulose, but not pectin, decreased transit 

time and PH and increased faecal weight 

 Pectin 15.0 DF   119±80       51±24 57±14 2 

Andersson, 

1983 

Brown bread 

(200g) 

7.6 DF 24 d 137±93 175±122 29±12 37±14     46±41 41±33 2 The addition of wheat bran to bread 

increased faecal wet and dry weight in a 

dose-repose manner, but no significant 

effect on transit times 

 Wholemeal bread 

(200g) 

15.4 DF   236±125 29±12 48±16     46±41 39±29 2 

Tsai, 1983 Soy 

polysaccharide 

(25g) 

17.0 DF 17 d 140±41 177±58 34±10 39±14   76.0 78.0 26±10 29±11 3 Soy polysaccharide increases wet faecal 

weight, but not dry weight or transit time 

Spiller, 1986 Wheat bran 

(13.2g) 

5.8 TDF 13d 73±26 95±41 20±6 25±9   72.5±3.1 72.5±4.8 76±30 58±24 1 (80% 

in stool) 

Wheat bran, in a dose-dependent manor, 

increased faecal wet and dry weight  and 

decreased transit time  Wheat bran 

(39.6g) 

17.4 TDF   140±49 20±6 34±11    74.9±3.9  59±36  

 Wheat bran (66g) 29.0 TDF   212±70 20±6 49±14    76.3±4.0  49±21  

Behall, 1987 Locust bean gum 

(7.5 g fibre/1000 

kcal) 

23.7 DF 4 wk 100±43 152±53 25±5 35±11 0.9±0.4 1.1±0.4   27±14 30±11 3 Carboxymethylcellulose increased faecal 

wet weight and bowel frequency.  Carboxy 

methylcellulose, cellulose and, less so, 

karaya gum and locust bean gum increased 

faecal wet weight.  No effect on transit 

times were observed. 

 Karaya gum 24.1 DF  100±43 161±61 25±5 35±9 0.9±0.4 1.0±0.4    27±16  

 Carboxy-

methylcellulose 

23.5 DF   267±102  54±16  1.5±0.4    24±8  

 Cellulose 23.2 DF   147±50  46±9  1.1±0.4    24±8  

Tomlin, 1988 Rice bran (75g) 15.0 DF 10d 163±57 297±65   1.1±0.4 1.7±0.6   53±23 43±16 2 Rice bran more so than wheat bran 

increased faecal weight and frequency.  

Both equally decreased transit time  Wheat bran 

(37.5g) 

17.1 DF   223±65    1.3±0.3    42±12  

Intestinal transit time methods: 1 (Hinton et al., 1969); 2: (Cummings et al., 1976b); 3: Coloured dyes – ‘first appearance’ method; h, hour; d, day; y, year; wk ,week; LSM, least squared means; SCFA, short chain fatty acid; RS, resistant starch. I, intervention; 

C, control. BM, bowel motion. CF, crude fibre; DF, dietary fibre; NSP, non-starch polysaccharide; TDF, total dietary fibre. 
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Dietary fibre and faecal output trial results 
Study Intervention Dose 

(g/d) 

Duration Faecal 

wet 

weight C 

(g/d) 

Faecal 

wet 

weight I 

(g/d) 

Faecal 

dry 

weight C 

(g/d) 

Faecal 

dry 

weight I 

(g/d) 

BM/d C BM/d I Moisture 

C (%) 

Moisture 

I (%) 

Transit 

time C 

(h) 

Transit 

time I (h) 

Transit 

time 

method 

Results 

Stevens, 

1988 

Wheat bran 19.0 TDF 2 wk 79±28 135±31 20±4 34±7 0.9±0.4 1.4±0.4 75.0±6.9 75.0±3.5 70±22 47±11 Plastic 

pellets  

Wheat bran, psyllium alone and in 

combination increased faecal wet and dry 

weight, psyllium more so, increased bowel 

frequency and decreased transit time, bran 

more so.  Only psyllium increased the 

percentage of faecal moisture. Four transit 

time methods were used: Cr-mordant, Co-

EDTA, terbiumoxide and plastic pellets 

(data given).  The results from each were 

not significantly different.   

 Psyllium 19.0 TDF  79±28 163±38  33±4  1.4±0.4 75.0±6.9 81.0±3.5  60±12  

 Wheat bran and 

psyllium 

19.0 TDF   143±28  34±4  1.4±0.4 75.0±6.9 76.0±3.5  55±14  

Kesaniemi, 

1990 

High fruit, 

vegetable and 

cereal fibre diet 

14.6 DF 8 wk 144±47 197±58 33±8 43±10        High mixed-fibre diet increased faecal wet 

and dry weights. 

Effertz, 1991 Soy 

polysaccharide 

19.6 TDF 14 wk 221±20 232±33 81±7 68±12 1.4 1.2 63.3±4.7 70.1±6.3 58±9 47±23 2 Soy fibre had no effect on faecal wet 

weight, frequency or transit time, but an 

decrease in faecal dry weight was observed 

Tinker, 1991 Prunes (100g/d) 6.0 TDF 4 wk 171±73 209±94 40±17 47±19   76.0±4.5 77.0±7.0   2 Prunes had no effect on faecal wet weight, 

dry weight or percent water 

Lampe , 1992 Wheat bran (10g) 8.9 TDF 3 wk 64 94 18 26   71.3 71.2 81 54  Wheat bran and, less so, vegetable fibre 

increased faecal wet and dry weight and 

decreased transit time.    Wheat bran (30g) 27.8 TDF   170 18 43   71.3 74.7 81 44  

 Mixed vegetable 

fibres (pea, soy 

and citrus pectin) 

(10g) 

12.2 TDF   76 18 23   71.3 68.5 81 68  

 Mixed vegetable 

fibres (pea, soy 

and citrus pectin) 

(30g) 

34.4 TDF   109 18 35   71.3 68.0 81 65  

Marteau, 

1994 

Psyllium (18g) NR 15 d 122±29 231±34 38±16 51±11 1.0±0.3 1.2±0.3 69.0±2.6 77.0±7.9 53±21 42±16 2 Psyllium increased faecal wet and dry 

weights, percentage water and bowel 

frequency, but no significant effect on 

transit times 

Wisker, 1994 Citrus fibre 

concentrate 

(35g/d) added to 

bread 

24.0 TDF 4 wk 106±42 142±54 26±6 32±6   74.4±3.3 76.3±4.5    Citrus fruit fibre increased faecal wet and 

dry weight and increased faecal moisture 

content. 

Wisker, 1994 Carrots raw frozen 

(575g/d) 

15.0 TDF 3 wk 93 149 21 28   74.7 79.3    Carrot consumption increased faecal wet 

and dry weight and increased faecal 

moisture content. An influence of 

processing of carrots could only be 

observed in the case of stool water which 

was higher during the consumption of raw 

frozen and blanched frozen carrots 

compared with canned carrots. 

 Carrots blanched 

frozen (508g/d) 

15.0 TDF  93 151 21 28   74.7 79.1    

 Carrots canned 

(688g/d) 

15.0 TDF  93 129 21 27   74.7 76.9    

Intestinal transit time methods: 1 (Hinton et al., 1969); 2: (Cummings et al., 1976b); 3: Coloured dyes – ‘first appearance’ method; h, hour; d, day; y, year; wk ,week; LSM, least squared means; SCFA, short chain fatty acid; RS, resistant starch. I, intervention; 

C, control. BM, bowel motion. CF, crude fibre; DF, dietary fibre; NSP, non-starch polysaccharide; TDF, total dietary fibre. 
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Dietary fibre and faecal output trial results 
Study Intervention Dose 

(g/d) 

Duration Faecal 

wet 

weight C 

(g/d) 

Faecal 

wet 

weight I 

(g/d) 

Faecal 

dry 

weight C 

(g/d) 

Faecal 

dry 

weight I 

(g/d) 

BM/d C BM/d I Moisture 

C (%) 

Moisture 

I (%) 

Transit 

time C 

(h) 

Transit 

time I (h) 

Transit 

time 

method 

Results 

Stephen, 

1995 

Lentils (130g 

dry/d) 

incorporated into 

bread, cakes, and 

soups 

11.8 NSP 

 
3 wk 131±35 189±52 30±5 43±8   76.0±3.9 76.1±3.9 46±18 43±12 2 Lentils increased faecal wet and dry weight, 

but had no effect on faecal moisture content 

or transit time 

Cummings , 

1996 

 

Wheat bran 15.0 NSP 

 
15d 110±34 201±34 26±7 44±7 0.7±0.3 0.9±0.3 74.7±2.5 77.5±2.5 53±14 43±14  Wheat bran increased wet and dry faecal 

weight.   

Cherbut, 

1997 

Maize fibre  15.0 DF 3 wk 73±22 108±16 19±6 32±5 0.9±0.1 1.0±0.2 72.8±3.3 70.8±2.1 61±29 33±21 2 Potato and maize fibre increased faecal wet 

and dry weight, but only maize fibre 

reduced transit time.  Faecal water excretion 

increased, but there was no difference in 

faecal moisture content. 

 Potato fibre 15.0 DF  79±29 116±27 19±7 28±7 0.9±0.2 1.1±0.4 76.0±4.2 74.8±3.9 62±19 55±19  

Jenkins, 1998 Wheat bran 23 TDF  2 wk 163±113 258±113          Wheat bran increased wet and dry faecal 

weight.   

Jenkins, 1999 Wheat bran fine 

particle size 

19-20 

TDF 

4 wk 211±110 268±110   1.3±0.5 1.4±0.5 78.0±4.8 79.0±4.8    In both the controlled and the ad lib trials, 

wheat bran increased faecal wet weights 

with no effect of particle size.   Wheat bran 

medium particle 

size 

19-20 

TDF 

  279±110    1.5±0.5  78.0±4.8    

 Wheat bran 

medium particle 

size 

19.0 TDF 2 wk 141±59 187±69   1.1 to 1.2  76.0±4.9 77.0±4.9    

 Wheat bran course 

particle size 

19.0 TDF   182±54      77.0±4.9    

Vuksan, 

1999 

Wheat fibre from 

amylolytic 

digestion 

17 TDF 2 wk 166±78 240±93 32±12 46±14   79.3±4.4 80.3±2.5 31±15 29±10 1 (80% 

in stool) 

and 2 

Wheat bran and modified wheat fibre 

increased faecal wet and dry weight equally, 

but no effect on transit time or faecal 

moisture content  Wheat bran 17 TDF   217±93  42±16    80.2±2.9  32±14  

Gråsten, 

2000 

Whole grain rye 

bread men 

24.2 DF 4 wk 198±62 335±92   0.9±0.4 1.2±0.4 82.6±4.2 82.8±2.8 39±16 31±12 radio-

opaque 

rings 

Whole-meal rye bread significantly 

increased faecal weight and bowel 

frequency and decreased mean intestinal 

transit time  Wholegrain rye 

bread women 

17.4  DF  151±63 203±58   1.4±0.6 1.6±0.6 81.0±3.4 81.3±3.4 56±22 45±13  

McRorie, 

2000 

Wheat bran (20g) 8.6 TDF* 6 d 150±101 246±121   2.2±1.4 2.6±1.4 81.2±2.8 83.9±2.8    Both doses of wheat bran equally increased 

faecal weight, but had no effect on bowel 

frequency, faecal moisture content or 

measured faecal viscosity  

 Wheat bran (40g) 17.2 

TDF* 

  231±94    2.4±1.4  83.4±2.4    

Jenkins, 2000 Cocoa bran 25 TDF  2 wk 135±50 191±80   1.0±0.3 1.3±0.4      Cocoa bran increased faecal weight and 

bowel frequency to a similar extent to that 

observed with wheat bran in previous trials 

Intestinal transit time methods: 1 (Hinton et al., 1969); 2: (Cummings et al., 1976b); 3: Coloured dyes – ‘first appearance’ method; h, hour; d, day; y, year; wk ,week; LSM, least squared means; SCFA, short chain fatty acid; RS, resistant starch. I, intervention; 

C, control. BM, bowel motion. CF, crude fibre; DF, dietary fibre; NSP, non-starch polysaccharide; TDF, total dietary fibre. * estimated from Kellogs bran buds nutrional information 
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Dietary fibre and faecal output trial results 
Study Intervention Dose 

(g/d) 

Duration Faecal 

wet 

weight C 

(g/d) 

Faecal 

wet 

weight I 

(g/d) 

Faecal 

dry 

weight C 

(g/d) 

Faecal 

dry 

weight I 

(g/d) 

BM/d C BM/d I Moisture 

C (%) 

Moisture 

I (%) 

Transit 

time C 

(h) 

Transit 

time I (h) 

Transit 

time 

method 

Results 

McIntosh, 

2003 

High-fibre wheat 

diet 

13.0 TDF 4 wk 203±95 257±111          Both rye and wheat high-fibre diets 

increased faecal wet weight.   

 High-fibre rye diet 13.0 TDF   278±85          

Muir, 2004 Wheat bran 7.2 TDF;  3 wk 131±64 161±67 34±13 41±15 1.2±0.5 1.3±0.6   48±16 37±11 radio-

opaque 

rings. 

Wheat bran with and without RS increased 

faecal wet and dry weights, decreased 

transit time.   

Johnson, 

2006 

legume fibre 

(lupin kernel)  

22.2 DF 4 wk 172±68 208±86   1.3±0.6 1.5±0.6 72.1±5.4 73.7±5.4 44±17 37±12 radio-

opaque 

rings -  

Legume fibre increased faecal wet weight, 

moisture content and bowel frequency, 

while decreasing transit time. 

Bird, 2008 Wholemeal wheat 11.0 TDF 4 wk 150±81 187±104   1.0±0.4 1.1±0.4 73.8±3.3 76.8±3.3    The novel hull-less barley (containing more 

RS and NSP than normal barley) and whole 

wheat increased faecal wet weight.  There 

was no effect on bowel frequency. 

 Barley, novel 

hull-less 

(Himalaya 292) 

23.2 TDF   200±93    1.1±0.4  77.3±6.4    

Vuksan, 

2008 

Wheat bran 26.6 TDF 3 wk 128±38 199±56 28±8 44±12 1.0±0.3 1.2±0.4 77.4±3.8 77.8±2.1 41±19 29±10 3 (80% 

in stool) 

All study cereals increased faecal wet 

weights, but the wheat bran psyllium 

mixture increased weight the most.  All 

cereals increased faecal dry weights, bowel 

frequency and faecal moisture content.  

Transit time was reduced, when analysed 

non-parametrically, in all cereal groups 

except in those receiving the wheat bran 

psyllium mixture. 

 Wheat and corn 

bran 

25.3 TDF   199±57  49±15  1.2±0.4  75.6±2.4  34±17  

 Wheat bran and 

psyllium 

27.6 TDF   247±87  50±14  1.3±0.5  79.1±2.2  31±18  

 Wheat and corn 

bran and fibre 

preparation (70% 

glucomannan and 

30% xanthan) 

26.1 TDF   197±63  43±13  1.2±0.4  77.6±3.4  29±10  

Intestinal transit time methods: 1 (Hinton et al., 1969); 2: (Cummings et al., 1976b); 3: Coloured dyes – ‘first appearance’ method; h, hour; d, day; y, year; wk ,week; LSM, least squared means; SCFA, short chain fatty acid; RS, resistant starch. I, intervention; 

C, control. BM, bowel motion. CF, crude fibre; DF, dietary fibre; NSP, non-starch polysaccharide; TDF, total dietary fibre. 
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 The effect of resistant starch on faecal output 

 

119. Resistant starch (RS) is the sum of starch and products of starch digestion that are not 

absorbed in the small intestine (Englyst et al., 1992; Goni et al., 1996; Champ et al., 2003).  

While all unmodified starch, if solubilised, can be hydrolysed by pancreatic α-amylase, the 

rate and extent to which starch is broken down is altered by a number of physical and 

chemical properties.  This has led to the classification of RS into four types (Englyst et al., 

1992): 

 Physically inaccessible starch (RS1), such as whole, and partly milled grains, seeds, and 

legumes;  

 Resistant starch granules (RS2), such as raw potato, banana, and high amylose corn;  

 Retrograded amylose (RS3), such as cooked, cooled potato, bread, and cornflakes; and  

 Chemically modified starch (RS4), which is commercially manufactured. 

Trial design  

 

120. Nine articles were identified as eligible (see Appendix 2 for studies excluded) (Tomlin & 

Read, 1990; Phillips et al., 1995; Cummings et al., 1996; Silvester et al., 1997; Heijnen et 

al., 1998; Jenkins et al., 1998; Behall et al., 2002; Muir et al., 2004; Vermorel et al., 2004), 

of which three also reported a comparison with wheat bran (Cummings et al., 1996; Jenkins 

et al., 1998; Muir et al., 2004).  The trial design details have been summarised in Table 19. 

 

121. All trials employed a cross-over design and three had no washout period.  Most trials used 

the Englyst method for the determination of resistant starch (Englyst et al., 1992), but one 

trial (Jenkins et al., 1998) used another method (Goni et al., 1996) and another two (Phillips 

et al., 1995; Muir et al., 2004) used an in vitro assay developed in their laboratory (Muir & 

O'Dea, 1993), while one used an AOAC dietary fibre method with and without pre-

treatment with dimethyl sulfoxide (Prosky et al., 1994).   

 

122. The duration of interventions was between one week and fourteen.  Two of the trials had 

controlled diets, whereas the rest had ad libitum diets, generally low in resistant starch and 

fibre.  The funding sources for all trials, where reported, were Governmental, Commercial 

or both; only one trial did not report funding sources. 
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Table 19. Resistant starch and faecal output trial design 
Study Study 

design 

Country Subject 

characteristics 

Basal diet Control intervention Intervention Control 

dose 

(g/d) 

Additional 

intervention 

dose (g/d) 

Sample 

size at 

start 

Duration Faecal 

collectio

n period 

(d) 

Number 

collectin

g faeces 

Funding Source 

Tomlin, 

1990 

XO - 1 

wk 

washout 

England Adults; 8M Ad libitum Rice krispies  Cornflakes RS3 0.86 

RS 

10.33 RS 8 1 wk 5 8 NR 

Phillips, 

1995 

XO - no 

washout 

Australia Adults aged 22-

54y; 5M, 6F 

Ad libitum low-fibre and 

resistant starch  

Low resistant starch 

supplemented foods 

Mixed RS1, 2 & 3 mean 

5.3 (3-

8) RS 

mean 38.6 

(26-50) RS 

11 3 wk 7 11 National Health and 

Medical Research 

Council of Australia, 

Australian Research 

Council 

Cummings, 

1996 

XO - no 

washout 

England Adults aged 22-

43y 

Controlled Digestible starch - 

slow and rapid 

   26.8 RS 12 15d 5 12 Ministry of 

Agriculture, Fisheries 

and Food, UK       Banana RS2  30 RS     

      Wheat RS3  17.4 RS     

      Corn RS3  19 RS     

Silvester, 

1997 

XO - 2 d 

washout 

England Adults aged 29-

48y; 8M 

Controlled high meat No intervention Potato and corn 

RS3 

 40 RS 8 19 d 5 8 Medical Rcsearch 

Council, UK 

Heijnen, 

1998 

XO - 1 

wk 

washout 

Holland Adults mean age 

23; 24M 

Ad libitum low-RS Glucose Corn RS2  30 RS 24 1 wk 2 22 Unilever Research 

Laboratorium, The 

Netherlands 

      Corn RS3  30 RS      

Jenkins, 

1998 

XO - 2 

wk 

washout 

Canada Adults aged 22-

53y; 12M. 12F 

Ad libitum Low-fibre control Corn RS2 

 
2.3 RS 21.5 RS 24 2 wk 4 24 NSERC Canada, and 

Nacan Products Ltd., 

Canada 

      Corn RS3  27.9 RS      

Behall, 

2002 

XO - no 

washout 

USA 10 control and 14 

hyperinsulinemic 

men aged 28-58y  

10 wk ad libitum 

followed by 4 wk 

controlled 

Cornstarch Corn RS2 3 RS 29.4 RS 29 14 wk 5 20 Agricultural Research 

Service, USA 

Muir, 2004 XO - 1 

wk 

washout 

Australia Adults aged 22-

67y; 11M, 9F ** 

Ad libitum low-fibre and 

RS 

Wheat bran Wheat bran and 

RS2 

29.7 

DF; 1.8 

RS 

29.5 DF; 

21.6 RS 

20 3 wk 10 10 National Health and 

Medical Research 

Council of Australia 

and Meat and 

Livestock Australia 

Vermorel, 

2004 

XO - 

4wk 

washout 

France Adults mean age 

23y; 10M 

Controlled Dextrose  Corn RS4   99.8 RS 10 13 d 7 11 Roquette Frères 

company, France 

Stewart, 

2010 

XO – 3 

wk 

washout 

USA Adults, mean age 

32y; 12M 

Ad libitum Maltodextrin Corn RS3  0 TDF 12 TDF 10 2 wk 4 10 National Institutes of 

Health, USA; Tate and 

Lyle Inc. USA 

      Corn dextrin RS4  12 TDF      

      Tapioca dextrin 

RS4 

 12 TDF      

      Corn RS4  12 TDF      

P, parallel; XO, cross-over; NR, not reported; d, day; y, year; wk ,week, DF, dietary fibre; RS, resistant starch; M, male; F, female. 
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Risk of bias 

 

123. A summary of the risk of bias assessment has been given in Table 20.  All the trials 

reported being randomised, except the two most recent, which used Latin square 

allocations.   None of the trials reported on how randomisation was achieved or how 

allocation was concealed.  All trials were open, apart from two where only the 

participants were blind.  Only one trial, with the longest duration, reported any 

missing outcome data, which was 17%.  
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Table 20. Resistant starch and faecal output trial risk of bias assessment 
Study Date Randomisation Sequence generation Allocation concealment Blinding of participants, personnel and outcome assessors Incomplete outcome data  Dropouts (%) 

Tomlin 1990 Yes NR NR Open No missing outcome data 0 

Phillips 1995 Yes NR NR Open No missing outcome data 0 

Cummings  1996 Yes NR NR Open No missing outcome data 0 

Silvester 1997 Yes NR NR Open No missing outcome data 0 

Heijnen 1998 Yes NR NR Participants blind only No missing outcome data 0 

Jenkins 1998 Yes NR NR Open No missing outcome data 0 

Behall 2002 Yes NR NR Open Missing outcome data unlikely to be related to outcome  17 

Muir 2004 Yes NR NR Open No missing outcome data 0 

Vermorel 2004 No - - NR No missing outcome data 0 

Stewart 2010 No - - Participants blind only No missing outcome data 0 

 NR, not reported. 
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Results 

 

124. The findings from all trials have been summarised in Table 24.  Outcome data, 

expressed as mean with standard deviation (where extractable), have been given for 

faecal wet weight, moisture content and intestinal transit time. 

 

125. In the two trials where resistant starch was directly compared with wheat bran, wheat 

bran had more of an effect on faecal weight than resistant starch at an equivalent dose 

(Cummings et al., 1996; Jenkins et al., 1998).  In another trial resistant starch in 

conjunction with wheat bran was reported to have an additive effect on faecal weight 

relative to wheat bran alone, and compared with control; also, while wheat bran 

reduced transit time compared with control the addition of resistant starch had no 

further effect (Muir et al., 2004).  Overall, resistant starch appeared to have little 

effect on transit time or faecal moisture content, but increased faecal weight. 

 

126. Seven of the trials had sufficient data to allow synthesis of faecal wet weight data (see 

Figure 3).  For one trial, where 100g/day of chemically modified starch (RS4) 

increased faecal weight, the data could not be included as they were given as least 

square means (i.e. in an analysis of covariance model, they were the group means 

after having controlled for a covariate) (Vermorel et al., 2004), while another gave no 

variance data, but observed no effect on faecal weight of 9.5g/day RS3 (retrograded 

amylose) (Tomlin & Read, 1990).  Another trial reported no effect of 12g/day RS3 on 

faecal wet weight (Stewart et al., 2010).  The doses of resistant starch employed in the 

trials that have been included in the syntheses ranged from 17-37g/day (mean 

27g/day) (see Table 24).  Two trials reported on RS4 in relation to faecal wet weight; 

one reported 100g/day modified starch to increase faecal weight (Vermorel et al., 

2004), while the other observed no effect on faecal weight of 12g/day of three 

different corn and tapioca modified starches (Stewart et al., 2010).  For cross-over 

trials with multiple intervention groups, all relevant experimental intervention groups 

were combined into a single group in order to create a single pair-wise comparison, as 

recommended by the Cochrane Handbook for systematic reviews of interventions. 

 

127. Six trials reported on RS2 (resistant starch granules) in relation to faecal wet weight 

(dose range included 21.5-37g/day; mean 28.3g/day), providing six mean difference 

measures with a total of 226 data points (see Figure 3).  The results of the meta-

analysis have been summarised in Table 21.  There was no significant evidence of 

heterogeneity between trials (see Table 21).  For all analyses, tests for publication bias 

(Egger’s linear regression test) were not significant. 

 

128. Three trials reported on faecal wet weight in relation to the RS3 dose range 17.4-

32g/day; mean 24.1g/day, providing three mean difference measures with a total of 

122 data points (see Figure 4).  The results of the meta-analysis have been 

summarised in Table 22.  There was no significant evidence of heterogeneity between 

trials (see Table 21).  For all analyses tests for publication bias (Egger’s linear 

regression test) were not significant. 

 

129. Seven trials reported on all types of RS in relation to faecal wet weight, providing 

seven mean difference measures from a total of 312 data points (see Figure 5).  The 

results of the meta-analysis have been summarised in Table 22.  There was no 
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significant evidence of heterogeneity between trials (see Table 23).  For all analyses 

tests for publication bias (Egger’s linear regression test) were not significant. 

 

130. All meta-analyses gave similar results.  The mean difference in faecal weight was 

highly significant (p<0.001) at about 40g/day.  There appeared to be no difference in 

the faecal bulking capacity of the different types of resistant starch (1,2 and 3), which 

broadly equated to a 1-2g increase in faecal wet weight per 1g resistant starch (see 

Table 21 and Table 22).   

 

131. It appeared that doses of RS greater than 12g/d were required to produce an effect on 

faecal wet weight (Tomlin & Read, 1990), with doses ranging from 17-37g/day (mean 

for all trials 27g/d) having been shown to significantly increase faecal output. 

 
Table 21. Results of meta-analysis for RS2 and faecal wet weight 

Model Pooled mean difference estimate
1
 

 No.
2
 MD g/d (95%CI) Z (p-value) 

Random effect 6 38 (23-53)  4.87 (p<0.001) 
1
 I

2
 = 0.00% (95% CI 0.00-74.62); p for test of heterogeneity = 0.947 

2
 No. of RR estimates included in pooled analysis. 

 
Table 22. Results of meta-analysis for RS3 and faecal wet weight 

Model Pooled mean difference estimate
1
 

 No.
2
 MD g/d (95%CI) Z (p-value) 

Random effect 3 46 (23-68) 3.99 (p<0.001) 
1
 I

2
 = 0.00% (95% CI 0.00-89.60); p for test of heterogeneity = 0.558 

2
 No. of RR estimates included in pooled analysis. 

 
Table 23. Results of meta-analysis for all RS types and faecal wet weight 

Model Pooled mean difference estimate
1
 

 No.
2
 MD g/d (95%CI) Z (p-value) 

Random effect 7 40 (26-54) 5.55 (p<0.001) 
1
 I

2
 = 0.00% (95% CI 0.00-70.81); p for test of heterogeneity = 0.905 

2
 No. of RR estimates included in pooled analysis. 
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Table 24. Resistant starch and faecal output trial results 
Study Date Dose 

(g/d) 

RS 

type 

# 

Duratio

n 

Faecal wet 

weight C 

(g/d) 

Faecal 

wet 

weight I 

(g/d) 

Faecal 

dry 

weight C 

(g/d) 

Faecal 

dry 

weight I 

(g/d) 

Moisture 

C (%) 

Moisture 

I (%) 

Transit 

time C 

(h) 

Transit 

time I (h) 

Transit 

time 

method 

Results 

Tomlin 1990 9.5 * 3   196 178 NR NR   40 43 1 (80% in 

stool) 

No effect on faecal wet weight, frequency or transit time of 

increasing RS intake by 9.5g 

Phillips 1995 33.3±9.9 

** 
1, 2 

& 3 

3 wk 138±73 197±123 38±7 54±23      The high RS diet increased faecal wet and dry weight  

Cummings  1996 26.8 * 2 15d 110±34 151±36 26±7 35±7 75±2 76±3 53±14 63±15 2 All RS diets and, more so, bran increased wet and dry faecal 

weight.  RS granules (RS2) tended to increase transit time.  No 

difference in faecal wet increase was observed between the 

different RS2 sources  (potato and banana resistant starch 

granules) and the different RS3 sources ( wheat and maize 

retrograded starch) 

 

  30.0 * 2   161±37  37±7 75±2 76±3 53±14 66±14  

  17.4 * 3   153±36  36±7 75±2 76±3 53±14 50±14  

  19.0 * 3   161±37  35±7 75±2 77±3 53±14 50±14  

Silvester 1997 37.0 * 2 19 d 118±31 153±31 33±10 39±7 71±8 74±6 74±42 67±23 2 RS increased faecal wet weight, but had no effect on intestinal 

transit time 

Heijnen 1998 32 ± 2.9 

* 

2 1 wk 232±88 277±96 55±14 66±24 75±4 76±3    Both resistant starch supplements increased faecal wet weight 

in a similar fashion, but had no effect on dry weight or moisture 

content. 

  32 ± 2.5 

* 

3   301±139  66±19 75±4 77±4     

Jenkins 1998 21.5 *** 2 2 wk 163±108 187±118 NR NR      All RS diets and, more so, bran increased wet and dry faecal 

weight.   

  27.9 *** 3   182±113  NR       

Behall 2002 29.4 

**** 

2 14 wk 246±71 269±71 43±15 37±15   34±13 42±14 3 RS had no effect on faecal wet or dry  weight but increased 

transit time 

Muir 2004 21.6 *** 2 3 wk 161±67 204±84 41±15 49±18   37±11 38±13 2 RS increased faecal wet and dry weights with no effect on 

transit time.   

Vermorel 2004 99.8 4 13 d 93 131 23 37 77 63    RS increased faecal wet and dry weight and decrease moisture 

content, but no effect on bowel frequency. At doses above 

50g/d increased flatulence was observed.  Data analysed as least 

square means  

Stewart 2010 12***** 3 2 wk 143±18 147±19 NR NR      RS had no effect on faecal wet weight 

  12 4   153±26  NR       

  12 4   149±25  NR       

  12 4   136±20  NR       

C, control; I, intervention; wk, week; d, day; h, hour; GLC, gas-liquid chromatography; HPLC, high-performance liquid chromatography; SCFA, short chain fatty acid; RS, resistant starch. I, intervention; C, control. # RS classification into four ty 

pes (Englyst et al., 1992) 

* measured by in vitro assay (Englyst et al., 1992); ** measured by in vitro assay (Muir & O'Dea, 1993); *** measured by in vitro assay (Goni et al., 1996); **** measured by in vitro assay with and without pretreatment with dimethyl sulfoxide 

(Prosky et al., 1994); ***** measured by in vitro assay (Fu et al., 2008) 
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Figure 3. Forest plot of resistant starch type 2 and faecal wet weight 

Author (year)

Cummings  (1996)

Silvester (1997)

Heijnen (1998)

Jenkins (1998)

Behall (2002)

Muir (2004)

Synthesis

Dose (g/d)

28.4

37.0

32.0

21.5

29.4

21.6

Weight %

35.48%

25.44%

8.13%

5.78%

14.57%

10.6%

100%

Mean difference (95% CI)

46 (20; 71)

35 (5; 65)

45 (-9; 99)

24 (-40; 88)

23 (-17; 64)

43 (-4; 90)

38 (23; 53)

-50 0 50 100 150

Mean difference (g/d)
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Figure 4. Forest plot of resistant starch type 3 and faecal wet weight 

Author (year)

Cummings  (1996)

Heijnen (1998)

Jenkins (1998)

Synthesis

Dose (g/d)

18.2

32.0

27.9

Weight %

76.12%

10.96%

12.92%

100%

Mean difference (95% CI)

47 (21; 72)

69 (1; 137)

19 (-43; 81)

46 (23; 68)

-100 -50 0 50 100 150

Mean difference (g/d)
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Figure 5. Forest plot of all resistant starch types and faecal wet weight 

Author (year)

Phillips (1995)

Cummings  (1996)

Silvester (1997)

Heijnen (1998)

Jenkins (1998)

Behall (2002)

Muir (2004)

Synthesis

RS type

1, 2 & 3

2 & 3

2

2 & 3

2 & 3

2

2

Weight %

2.82%

39.05%

21.74%

7.93%

6.93%

12.45%

9.06%

100%

Mean difference (95% CI)

59 (-25; 143)

46 (24; 69)

35 (5; 65)

57 (7; 107)

22 (-32; 75)

23.(-17; 64)

43 (-4; 90)

40 (26; 54)

-50 0 50 100 150 200

Mean difference (g/d)
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The effect of non-digestible oligosaccharide, inulin, polyols and polydextrose 

on faecal output 

 

132. Sixteen articles were identified as eligible, of which one was identified from article 

citation lists (Ito et al., 1990) (see Appendix 2 for studies excluded).  Nine involved 

interventions with non-digestible oligosaccharides and inulin (Ito et al., 1990; 

Bouhnik et al., 1996; Alles et al., 1999; van Dokkum et al., 1999; Causey et al., 2000; 

Den Hond et al., 2000; Tahiri et al., 2001; Swanson et al., 2002; Scholtens et al., 

2006b); Five involved interventions with a polyol (Van Es et al., 1986; Ballongue et 

al., 1997; Sinaud et al., 2002; Gostner et al., 2005; Gostner et al., 2006), of which two 

reported different aspects of the same trial (Gostner et al., 2005; Gostner et al., 2006); 

and two involved interventions with polydextrose (Jie et al., 2000; Hengst et al., 

2008).  One trial was also identified that reported no effect of 10g/day arabinoxylan-

oligosaccharides on faecal weight, but as no data were reported it could not be 

included (Cloetens et al., 2010). 

 

133. The trial design details have been summarised in Table 25.  Nine trials employed a 

cross-over design, of which four have no washout, and six trials employed a parallel 

design.  All the trials were conducted in adults. 

 

134. One trial had a faecal collection period of one day (Hengst et al., 2008). The faecal 

weight data from this trial have not been used, but the intestine transit time was 

recorded.  One trial only reported on bowel frequency (Swanson et al., 2002). 

 

135. The duration of interventions ranged from one to four weeks and initial sample sizes 

ranged from six to one hundred and twenty subjects. The funding sources for all trials, 

where reported, were Commercial, Governmental or both; 53% of trials did not report 

funding sources. 
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Table 25 Non-digestible oligosaccharide and inulin, polyols and polydextrose and faecal output trial design  
Study Study 

design 

Country Subject 

characteristics 

Basal diet Control 

intervention 

Intervention Additional 

intervention 

dose (g/d) 

Sampl

e size 

at start 

Duration Faecal 

collection 

period 

(d) 

Number 

collecting 

faeces 

Funding Source 

NDO and 

inulin 

            

Ito, 1990 XO - 1 

wk 

washout 

Japan Adults aged 26-

48y; 12M 

Ad libitum excluding probiotics 

and NDO 

placebo GOS 2.5, 5 or 10 12 1 wk 3 12 NR 

Bouhnik, 

1996 

P France Adults aged 22-

39y; 10M, 10F 

Ad libitum low fibre and low 

NDO 

sucrose FOS 12.5 20 12 d 3 20 NR 

Alles, 1999 P Holland Adults mean age 

39y; 22M, 18F 

Controlled - low fibre glucose and 

lactose 

GOS 8.5 or 14.4 41 3 wk 21 40 Netherlands Ministry of 

Agriculture, Nutreco, 

Netherlands; ORAFTI, 

Belgium 

van 

Dokkum, 

1999 

XO - no 

washout 

Holland Adults mean age 

23y; 12M 

Controlled excluded probiotics 

and NDO 

sucrose Chicory inulin, FOS or 

GOS 

15 12 3 wk 2 12 NR 

Causey, 

2000 

XO - no 

washout 

USA Adults aged27-

49y; 12 M 

hypercholesterole

mic  

Controlled sucrose Chicory inulin 20 12 3 wk 6 12 National Center for 

Research Resourceas, USA 

Sugarland USA 

Den Hond, 

2000 

XO - 1 

wk 

washout 

Belgium Adults aged 20-

49y; 1M, 5F with 

BM<1/d>3/d 

Ad libitum excluded probiotics 

and NDO 

sucrose Chicory inulin 15.0 6 1 wk 5 6 ORAFTI, Belgium 

Tahiri, 

2001 

XO - 3 

wk 

washout 

France Adults aged 54-

70; 11F 

postmenopausal 

Ad libitum excluding NDO for 

first 23 d, than controlled low 

fibre (12g DF/d) for last 10-12 d 

sucrose FOS 10 14 35 d 3 11 French Miristry of National 

Education and Scientific 

Research and Technology 

Swanson, 

2002 

P USA Adults mean age 

25y; 13M, 18F 

Ad libitum excluding probiotics 

and NDO 

sucrose FOS 3 34 4 wk   NR 

Scholtens 

2006 

XO - 2 

wk 

washout 

Holland Adults aged 18-

35y; 6M, 6F 

Ad libitum excluding probiotics 

and NDO 

maltodextrin FOS 25-30 12 2 wk 3 11 NR 

Polyol             

Van Esm 

1986 

XO - 1 

wk 

washout 

Holland Adults aged 19-

26y; 4M, 4F 

Controlled sucrose Lactitol 50 8 8d 4 8 NR 

Ballongue, 

1997 

P Switzerl

and 

Adults aged 24-

31y 

Ad libitum Glucose-

lactose 50:50 

Lactitol 20 12 4 wk   NR 

Sinaud, 

2002 

XO - no 

washout 

France  Adults, mean age 

20.5y; 9M 

Controlled low fibre dextrose Maltitol or maltitol 

hydrogenated 

polysaccharide fraction 

100 9 2 wk 10 9 Roquette Frères, France 

Gostner, 

2005 

XO - no 

washout 

Germany Adults aged 21-

54; 12M, 7F 

Controlled low -fibre sucrose Polyol isomalt 30 20 3 wk 5 19 NR 

Polydextro

se 

            

Jie, 2000 P China Adults mean age 

~30y ; 66M 54F 

Controlled placebo Polydextrose 4, 8 or 12 120 4 wk 3  Danisco Cultor, USA 

Hengst, 

2008 

P Germany Adults aged 19-

66y; 8M, 37F 

Ad libitum yoghurt w/o 

intervention 

Polydextrose 8 45 3 wk 1 45 Zott GmbH & co, Germany 

P, parallel; XO, cross-over; NR, not reported; d, day; y, year; wk ,week, M, male; F, female;  FOS fructo-oligosaccharide; GOS, galacto-oligosaccharide; NDO, non-digestible oligosaccharide. 
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Risk of bias 

 

136. A summary of the risk of bias assessment has been given in Table 26.  Four of the 

trials were non-randomised and only two of the randomised trials reported the method 

of sequence generation.  For the non-digestible oligosaccharide and inulin trials most 

were blind, although two trials stated the use of placebo, but did not report on 

blinding.  Two of the polyol trials were open, as well as non-randomised. 

 

137. The dropout percentages were generally low with only four trials reporting missing 

outcome data.  Drop-out rates ranged from 2 to 21%. In those that reported drop-outs 

it seemed unlikely that missing outcome data were related to the intervention.  
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Table 26. Non-digestible oligosaccharide and inulin, polyols and polydextrose and faecal output trials risk of bias assessment  
Study Date Randomisation Sequence generation Allocation concealment Blinding of participants, personnel and outcome assessors Incomplete outcome data  Dropouts 

(%) 

NDO and inulin        

Ito 1990 No - - Participants blind only No missing outcome data 0 

Bouhnik 1996 Yes NR NR NR No missing outcome data 0 

Alles 1999 No - - NR Missing outcome data unlikely to be related to outcome 2 

van Dokkum 1999 Yes NR NR Participants and personnel blind No missing outcome data 0 

Causey 2000 Yes NR NR Participants and personnel blind No missing outcome data 0 

Den Hond 2000 Yes NR NR Participants and personnel blind No missing outcome data 0 

Tahiri 2001 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome 21 

Swanson 2002 Yes Computer generated Sealed envelopes Participants and personnel blind Missing outcome data unlikely to be related to outcome 13 

Scholtens 2006 Yes Computer generated NR Participants and personnel blind Missing outcome data unlikely to be related to outcome 8 

        

Polyol        

Van Es 1986 No - - Open No missing outcome data 0 

Ballongue 1997 Yes NR NR Participants and personnel blind No missing outcome data 0 

Sinaud 2002 No - - Open No missing outcome data 0 

Gostner  2005 & 2006 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome 5 

Polydextrose        

Jie 2000 Yes NR NR Participants and personnel blind No missing outcome data 0 

Hengst 2008 Yes NR NR Participants and personnel blind No missing outcome data 0 

NR, not reported; NDO, non-digestible oligosaccharide.  
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Results 

 

138. The findings from the non-digestible oligosaccharide and inulin intervention trials 

have been summarised in Table 33 and the polyol and polydextrose trials have been 

summarised in Table 34.  Outcome data, expressed as mean with standard deviation 

(where extractable), have been given for faecal wet weights, bowel frequency, faecal 

moisture content and intestinal transit time.  The faecal wet weight mean difference 

values for the polyol and polydextrose trials have been summarised in Table 27. 

 

139. The results from polyol intervention trials were mixed, but most trials reported an 

increase in faecal weight (see Table 27), which was in the order of a 0.5-1g increase 

in faecal wet weight per 1g polyol.  One of the trials also reported total intestinal 

transit time in response to a polyol supplementation, but observed no effect (Gostner 

et al., 2005) (see Table 34).   

 

140. One trial reported faecal weight change in response to polydextrose, showing a dose-

response effect on wet and dry weights and bowel frequency (Jie et al., 2000), which 

was in the order of a 2-3g increase in faecal wet weight per 1g polydextrose.  Another 

trial, which measured total intestinal transit time (faecal weights were determined 

from a one-day collection, so the data were not used) observed no effect of 8g/d 

polydextrose (Hengst et al., 2008) (see Table 34). 

 
Table 27. Faecal wet weight mean difference values for polyols and polydextrose 

Study Intervention Dose * 

(g/d) 

Faecal wet wt mean 

difference g/d (95% 

CI) 

Control 

faecal wet 

wt (g/d±sd) 

Van Es, 

1986 

lactitol 50 54 (20 to 87) 144±38 

Sinaud, 

2002 

maltitol 100 48 (11 to 85) 105±29 

 maltitol 

hydrogenated 

polysaccharide 

fraction 

100 61 (27 to 95)  

Gostner, 

2005 

polyol isomalt 30 12 (-13 to 36) 99±38 

     

Jie, 2000 polydextrose 4 9 (1 to 17) 106±15 

 polydextrose 8 22 (11 to 33)  

 polydextrose 12 36 (27 to 45)  

* as reported. 

 

141. For non-digestible oligosaccharide and inulin, the individual trials reported little 

effect on faecal output (see Table 33).  Two trials reported increased bowel frequency 

in response to non-digestible oligosaccharide or inulin supplementation, but two 

others reported no effect.  The degree of polymerisation of the saccharide units in 

non-digestible oligosaccharides and inulin has been included in Table 33. 
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142. The data for changes in faecal wet weight in response to non-digestible 

oligosaccharide and inulin supplementation were synthesised, and analyzed as 

continuous data.  Faecal weight data from trials involving interventions with non-

digestible oligosaccharide and inulin doses less than 10g/day were excluded, as these 

were the lower ranges of dose-response trials and showed no evidence for an effect on 

faecal wet weight (see Table 33).  For cross-over trials with multiple intervention 

groups, all relevant experimental intervention groups were combined into a single 

group in order to create a single pair-wise comparison, as recommended by the 

Cochrane Handbook for systematic reviews of interventions.  Eight trials reported on 

non-digestible oligosaccharide and inulin (dose range included 10-30g/day; mean 

15.4g/day) in relation to faecal wet weight, providing eight mean difference measures 

with a total of 199 data points (see Figure 6).  The results of the meta-analysis have 

been summarised in Table 28.  There was no significant evidence of heterogeneity 

between trials (see Table 28).  For all analyses tests for publication bias (Egger’s 

linear regression test) were not significant. 

 

143. The trial with the largest effect size on faecal weight employed a dose of 25-30g/day 

non-digestible oligosaccharide (Scholtens et al., 2006b).   Faecal wet weight data 

were synthesised by excluding responses to non-digestible oligosaccharide and inulin 

doses of more than 20g/day.  Seven trials reported on non-digestible oligosaccharide 

and inulin (dose range included 10-20g/day; mean 14.1g/day) in relation to faecal wet 

weight, providing seven mean difference measures with a total of 177 data points (see 

Figure 7).  The results of the meta-analysis have been summarised in Table 29.  There 

was no significant evidence of heterogeneity between trials (see Table 29).  For all 

analyses tests for publication bias (Egger’s linear regression test) were not significant. 

 

144. Six trials reported on fructo-oligosaccharide or inulin, (which contains fructo-oligo- 

and fructo-poly-saccharides; see degree of polymerisation in Table 33), in the dose 

range 10-30g/day (mean 16.4g/day) in relation to faecal wet weight, providing six 

mean difference measures with a total of 136 data points (see Figure 8).  The results 

of the meta-analysis have been summarised in Table 30.  There was no significant 

evidence of heterogeneity between trials (see Table 30).  For all analyses tests for 

publication bias (Egger’s linear regression test) were not significant. 

 

145. Five trials reported on fructo-oligosaccharide or inulin in the dose range 10-20g/day 

(mean 14.6g/day) in relation to faecal wet weight, providing five mean difference 

measures with a total of 114 data points (see Figure 9).  The results of the meta-

analysis have been summarised in Table 31.  There was no significant evidence of 

heterogeneity between trials (see Table 31).  For all analyses tests for publication bias 

(Egger’s linear regression test) were not significant. 

 

146. Three trials reported on galacto-oligosaccharide in the dose range 10-15g/day (mean 

13g/day) in relation to faecal wet weight, providing three mean difference measures 

with a total of 75 data points (see Figure 10).  The results of the meta-analysis have 

been summarised in Table 32.  There was no significant evidence of heterogeneity 

between trials (see Table 32).  For all analyses tests for publication bias (Egger’s 

linear regression test) were not significant. 

 

 
Table 28. Results of meta-analysis for all non-digestible oligosaccharide and inulin (dose range included 
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10-30g/day) and faecal wet weight 

Model  Pooled mean difference estimate
1
 

 No.
2
 MD g/d (95%CI) Z (p-value) 

Random effect 8 20 (6-35) 2.74(p=0.006) 
1
 I

2
 = 0.00% (95% CI 0.00-67.58%); p for test of heterogeneity = 0.804 

2
 No. of RR estimates included in pooled analysis. 

 
Table 29. Results of meta-analysis for all non-digestible oligosaccharide and inulin (dose range included 

10-20g/day) and faecal wet weight 

Model Pooled mean difference estimate
1
 

 No.
2
 MD g/d (95%CI) Z (p-value) 

Random effect 7 18 (3-33)  2.32(p=0.020) 
1
 I

2
 = 0.00% (95% CI 0.00-70.81%); p for test of heterogeneity = 0.877 

2
 No. of RR estimates included in pooled analysis. 

 
Table 30. Results of meta-analysis for fructo-oligosaccharide (dose range 10-30g/day) and faecal wet 

weight 

Model Pooled mean difference estimate
1
 

 No.
2
 MD g/d (95%CI) Z (p-value) 

Random effect 6 23 (7-40)  2.75 (p=0.006) 
1
 I

2
 = 0.00% (95% CI 0.00-74.62%); p for test of heterogeneity = 0.648 

2
 No. of RR estimates included in pooled analysis. 

 
Table 31. Results of meta-analysis for fructo-oligosaccharide (dose range 10-20g/day) and faecal wet 

weight 

Model Pooled mean difference estimate
1
 

 No.
2
 MD g/d (95%CI) Z (p-value) 

Random effect 5 20 (3-38)  2.28 (p=0.023) 
1
 I

2
 = 0.00% (95% CI 0.00-79.20%); p for test of heterogeneity = 0.699 

2
 No. of RR estimates included in pooled analysis. 

 
Table 32. Results of meta-analysis for all galacto- oligosaccharide (dose range included 10-15/day) and 

faecal wet weight 

Model  Pooled mean difference estimate
1
 

 No.
2
 MD g/d (95%CI) Z (p-value) 

Random effect 3 13 (-11-37) 1.05(p=0.292) 
1
 I

2
 = 0.00% (95% CI 0.00-89.60%); p for test of heterogeneity = 0.845 

2
 No. of RR estimates included in pooled analysis. 

 

147. All meta-analyses gave similar results.  The mean difference in faecal weight was 

significant for all non-digestible oligosaccharide and inulin in the dose range 10-

30g/day (see Table 28) and 10-20g/day (see Table 29).  A separate analysis for fructo-

oligosaccharide and inulin showed a significant increase in faecal wet in the dose 

range 10-30g/day (see Table 30) and for 10-20g/day (see Table 31).  Only three trials 

determined the faecal weight response to galacto-oligosaccharide, with a dose range 

of 10-15g/day, but the mean difference was not significant.  There was no evidence 

that the degree of polymerisation affected the capacity of non-digestible 

oligosaccharides and inulin in this regard.  Overall, there appeared to be no difference 

in the faecal bulking capacity of the different types of non-digestible oligosaccharide 

investigated (galacto-oligosaccharide and fructo-oligosaccharide) or inulin, which 

broadly equated to a 1-1.5g increase in faecal wet weight per 1g non-digestible 
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oligosaccharide or inulin.  It appeared that doses of non-digestible oligosaccharide 

and inulin of 10g/day or more were required to produce an effect on faecal wet weight 

(see Table 33). 
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Table 33. Non-digestible oligosaccharide and inulin and faecal output trial results 
Study Date Duration NDO DP Dose 

(g/d) 

Faecal 

wet 

weight 

C (g/d) 

Faecal 

wet 

weight I 

(g/d) 

Faecal 

dry 

weight 

C (g/d) 

Faecal 

dry 

weight I 

(g/d) 

BM/d C BM/d I Moisture C 

(%) 

Moisture I 

(%) 

Transit time 

C (h) 

Transit time I 

(h) 

Transit 

time 

method 

Results 

NDO and 

inulin 

                 

Ito 1990 1 wk GOS 2-6 2.5 151±63 134.4±4

9 

NR NR        No effect on faecal weight  

     5 151±63 151±77  NR         

     10 151±63 162±71  NR         

Bouhnik 1996 12 d FOS 2-4 12.5 121±60. 134±69 NR NR        No effect on faecal weight 

Alles 1999 3 wk GOS 2-6 8.5 139±50 127±50  NR 1.1±0.3 0.9±0.1 75.4±4.7 74.0±4.69    No effect on faecal wet or 

dry weights or bowel 

frequency 

     14.4 139±50 142±67  NR  1.1±0.5  74.3±5.61     

van Dokkum 1999 3 wk Chicory 

inulin 

2-60 15 129±42 155±76 43±14 44±18   66.8±4.3 70.4±6.2 55.1±18.9 52.5±14.3 1 (80% in 

stool) and 

2 

No effect on faecal weights 

and transit time  

   FOS 2-8 15 129±42 108±45  33±13    69.2±4.1  45.3±14.3   

   GOS 2-6 15 129±42 148±42  34±16    71.0±7.9  50.4±20.0   

Causey 2000 3 wk Chicory 

inulin 

2-60 20 150±54 164±56 NR NR     32.5±25.3 30.5±16.1 1 (80% in 

stool) 

No effect on faecal weight 

and transit time. 

Den Hond 2000 1 wk Chicory 

inulin 

11-60 15 91±26 113±53 24±4 28±7 0.6±0.1 0.9±0.3   84.0±2.4 78.0±17.1 3 No effect on faecal weight 

and transit time, but bowel 

frequency increased 

Tahiri 2001 35 d FOS 2-4 10.0 83±28 119.±39 19±4 24±5        Increased faecal wet and dry 

weight  

Swanson 2002 4 wk FOS NR 3 NR NR NR NR 1.28 1.41      No effect on bowel 

frequency 

Scholtens 2006 2 wk FOS 2-7 25-30 174±64 225±64. 47±14 52±14 1.2±0.2 1.5±0.2 73.8±3.3 76.1±3.3    Increased bowel frequency 

and a tendency to increase 

faecal wet weight 

Intestinal transit time methods: 1 (Hinton et al., 1969); 2: (Cummings et al., 1976b); 3: Coloured dyes – ‘first appearance’ method; h, hour; d, day wk, week. I, intervention; C, control. BM, bowel motion. FOS fructo-oligosaccharide; GOS, galacto-

oligosaccharide; NDO, non-digestible oligosaccharide. NR, not reported; DP, degree of polymerisation. 
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Table 34.  Polyols and polydextrose and faecal output trial results 
Study Date Duration Intervention Dose 

(g/d) 

Faecal wet 

weight C 

(g/d) 

Faecal wet 

weight I 

(g/d) 

Faecal dry 

weight C 

(g/d) 

Faecal dry 

weight I 

(g/d) 

BM/d C BM/d I Moisture 

C (%) 

Moisture I 

(%) 

Transit 

time C (h) 

Transit 

time I (h) 

Transit 

time 

method 

Results 

Polyol                 

Van Es 1986 8d lactitol 50 144±38 198±30 NR NR   75.3±3.6 78.7±2.7    Increased faecal 

moisture content and 

tendency  to increase 

faecal weight 

Ballongue 1997 4 wk lactitol 20 NR NR NR NR   78.8±1.6 88.9±1.7    Increased faecal 

moisture content. 

Sinaud 2002 2 wk maltitol 100 105±29 153±49 25±7 39±13 1.0±0.3 1.1±0.4 76.0±4.6 73.5±6.4    Both increased faecal 

wet and dry weights 

without effect on bowel 

frequency or faecal 

moisture content 

   maltitol hydrogenated 

polysaccharide 

fraction 

100  166±44  42±12  1.02±0.2  74.6±3.3    

Gostner  2005  3 wk polyol isomalt 30 99±38 110±39 28±8 24±8 1.1±0.4 1.3±0.4 74.4±5.2 74.1±5.2 54.5±27.0 52.0±19.6 3 No effect on faecal wet 

and dry weights, transit 

time or faecal moisture 

content, although bowel 

frequency increased.  

Polydextrose                 

Jie 2000 4 wk polydextrose 4 106±15 115±17 32±8 34±7 1.1±0.2 1.47±0.3      Faecal weight (wet and 

dry) and bowel 

frequency increased in 

dose-response manner 

   polydextrose 8  128±27  32±7  1.74±0.4      

   polydextrose 12  142±18  30±9  1.89±0.3      

Hengst 2008 3 wk polydextrose 8 * * * *     37.7±14.9 37.2±24.2 3 No effect on transit 

time 

Intestinal transit time methods: 1 (Hinton et al., 1969); 2: (Cummings et al., 1976b); 3: Coloured dyes – ‘first appearance’ method; h, hour; d, day wk, week. I, intervention; C, control. BM, bowel motion. FOS fructo-oligosaccharide; GOS, galacto-

oligosaccharide. Faecal collection period only one day,  so data not included. 
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Figure 6.  Forest plot of non-digestible oligosaccharide and inulin (10-30g/d) and faecal wet weight 

Author (year)

Ito (1990)

Bouhnik (1996)

Alles (1999)

van Dokkum (1999)

Causey (2000)

Den Hond (2000)

Tahiri (2001)

Scholtens (2006)

Synthesis

Dose & type (g/d)

10.0 GOS

12.5 FOS

14.4 GOS

15 FOS, GOS & inulin

20.0 Inulin

15.0 Inulin

10.0 FOS

25.0-30.0 FOS

Weight %

7.22%

6.51%

10.58%

22.23%

10.74%

9.19%

26.16%

7.38%

100%

Mean difference (95% CI)

11 (-43; 65)

13 (-44; 70)

3 (-42; 48)

8 (-23; 39)

14 (-30; 58)

22 (-26; 70)

35 (7; 64)

51 (-2; 104)

20 (6; 35)

-100 -50 0 50 100 150

Mean difference (g/d)
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Figure 7. Forest plot of non-digestible oligosaccharide and inulin (10-20g/d) and faecal wet weight 

Author (year)

Ito (1990)

Bouhnik (1996)

Alles (1999)

van Dokkum (1999)

Causey (2000)

Den Hond (2000)

Tahiri (2001)

Synthesis

Dose & type (g/d)

10.0 GOS

12.5 FOS

14.4 GOS

15 FOS, GOS & inulin

20.0 Inulin

15.0 Inulin

10.0 FOS

Weight %

7.79%

7.03%

11.42%

24%

11.6%

9.92%

28.24%

100%

Mean difference (95% CI)

11 (-43; 65)

13 (-44; 70)

3 (-42; 48)

8 (-23; 39)

14 (-30; 58)

22 (-26; 70)

35 (7; 64)

18 (3; 33)

-60 -40 -20 0 20 40 60 80

Mean difference (g/d)
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Figure 8. Forest plot of fructo-oligosaccharide (10-30g/d) and faecal wet weight  

Author (year)

Bouhnik (1996)

van Dokkum (1999)

Causey (2000)

Den Hond (2000)

Tahiri (2001)

Scholtens (2006)

Synthesis

Dose (g/d)

12.5

15.0

20.0

15.0

10.0

25.0-30.0

Weight %

8.5%

21.67%

14.03%

12%

34.16%

9.64%

100%

Mean difference (95% CI)

13 (-44; 70)

3(-33; 38)

14 (-30; 58)

22 (-26; 70)

36 (7; 64)

51 (-2; 104)

23 (7; 40)

-100 -50 0 50 100 150

Mean difference (g/d)
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Figure 9. Forest plot of fructo-oligosaccharide (10-20g/d) and faecal wet weight  

Author (year)

Bouhnik (1996)

van Dokkum (1999)

Causey (2000)

Den Hond (2000)

Tahiri (2001)

Synthesis

Dose (g/d)

12.5

15.0

20.0

15.0

10.0

Weight %

9.4%

23.98%

15.52%

13.28%

37.81%

100%

Mean difference (95% CI)

13 (-44; 70)

3 (-33; 38)

14 (-30; 58)

22 (-26; 70)

36 (7; 64)

20 (3; 38)

-60 -40 -20 0 20 40 60 80

Mean difference (g/d)
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Figure 10. Forest plot of galacto-oligosaccharide (10-15g/d) and faecal wet weight 

Author (year)

Ito (1990)

Alles (1999)

van Dokkum (1999)

Synthesis

Dose (g/d)

10.0

14.4

15.0

Weight %

20.02%

29.33%

50.66%

100%

Mean difference (95% CI)

11 (-43; 65)

3 (-42; 48)

20 (-15; 54)

13 (-11; 37)

-60 -40 -20 0 20 40 60 80

Mean difference (g/d)
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The effect of non-digestible carbohydrates on faecal bacteria in adults 

 

148. Trials in adults have been considered in this section, while the following section 

considered trials in infants. 

 

149. In adults, thirty two articles were identified as eligible (see Appendix 2 for studies 

excluded).  There were nineteen articles reporting a non-digestible oligosaccharide or 

inulin intervention (Ito et al., 1990; Bouhnik et al., 1996; Alles et al., 1999; Bouhnik 

et al., 1999; Tuohy et al., 2001b; Gopal et al., 2003; Bouhnik et al., 2004; Tannock et 

al., 2004; Bouhnik et al., 2006; Bouhnik et al., 2007a; Fuller et al., 2007; Kleessen et 

al., 2007; Calame et al., 2008; Depeint et al., 2008; Vulevic et al., 2008; Cloetens et 

al., 2010; Costabile et al., 2010; Ramnani et al., 2010; Walton et al., 2010).  There 

were eight articles reporting on dietary fibre or modified starch interventions (Jenkins 

et al., 1999b; Martensson et al., 2005; Pasman et al., 2006; Smith et al., 2006; 

Grasten et al., 2007; Calame et al., 2008; Fastinger et al., 2008; Carvalho-Wells et al., 

2010).  Three articles reported on polyols (Ballongue et al., 1997; Gostner et al., 

2006; Finney et al., 2007) and two on polydextrose (Jie et al., 2000; Hengst et al., 

2008).  One trial reported on polyols, polydextrose and resistant starch type 4(Beards 

et al., 2010). 

 

150. The trial design details have been summarised in Table 35.  Fourteen trials employed 

a cross-over design, of which three had no washout period. Eighteen trials employed a 

parallel design.  

 

151. The duration of interventions ranged from one to ten weeks and initial sample sizes 

ranged from 12-120 subjects.  The funding sources for all trials, where reported, were 

either Governmental or Commercial or both; 13% of trials did not report funding 

sources. 
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Table 35 Non-digestible carbohydrates and faecal bacteria trial design -adults 
Study Study 

design 

Country Subject characteristics Basal diet Control intervention Intervention Intervention dose (g/d) Sample 

size at 

start 

Duration Funding source 

NDO and 

inulin 

          

Ito, 1990 XO - 1 wk 

washout 

Japan Adults aged 26-48y; 12M Ad libitum excluding 

lactose, milk, fermentation 

products 

placebo GOS 2.5, 5 or 10 12 1 wk Study location: Yakult 

Central Institute for 

Microbiological 

Research (Tokyo, Japan) 

Bouhnik, 1996 P France Adults aged 22-39y; 10M, 10F Ad libitum low fibre and 

low NDO 

sucrose FOS 12.5 20 12 d NR 

Alles, 1999 P Holland Adults mean age 39y; 22M, 18F Controlled - low fibre glucose and lactose GOS 8.5 or 14.4 41 3 wk Netherlands Ministry of 

Agriculture, Dutch Dairy 

Foundation; Nutreco, 

Netherlands; AVEBE, 

Netherlands; ORAFTI, 

Belgium 

Bouhnik, 1999 P France Adults aged 18-47y; 18M, 22F Ad libitum excluding 

probiotics and NDO 

sucrose FOS 2.5, 5, 10 or 20 40 1 wk NR 

Tuohy, 2001 XO - no 

washout 

England Adults aged 18-50y; 14M, 17F Ad libitum excluding 

probiotics and NDO 

biscuit w/o intervention FOS;  partially 

hydrolysed guar gum 

6.6  FOS and 3.4 

PHGG 

31 3 wk Novartis, Switzerland 

Gopal, 2003 P New 

Zealand 

Adults aged 20-60y; 18M, 12F Ad libitum excluding 

probiotics 

milk powder GOS 2.4 30 4 wk NR 

Bouhnik, 2004 P France Adults aged 18-54y;  Ad libitum excluding 

probiotics and NDO 

sucrose, maltodextrin FOS, Soybean OS, GOS, 

RS retrograded, long-

chain chicory inulin or 

isomalto OS 

10 56 1 wk Health & Nutrition 

Group, Belgium 

Tannock, 2004 XO - 2 wk 

washout 

New 

Zealand 

Adults; 7M, 8F Ad libitum biscuit w/o intervention GOS or FOS 2.5 15 3 wk Fonterra, New Zealand 

Bouhnik, 2006 P France Adults, mean age 29y; 18M, 22F Ad libitum excluding 

probiotics and NDO 

sucrose, maltodextrin FOS 2.5, 5, 7.5 or 10 40 1 wk Health & Nutrition 

Group, Belgium 

Bouhnik, 2007 P France Adults aged 20-58y Ad libitum excluding 

probiotics and NDO 

maltodextrin/sucrose Chicory inulin 5 39 4 wk Cosucra, Belgium 

Fuller, 2007 XO - no 

washout 

Scotland Adults aged 25-51y; 3M, 9F Ad libitum excluding 

supplements 

no intervention Chicory inulin 10 12 16 d Food Standards Agency, 

UK 

Kleessen, 2007 P Germany Adults mean age 22.4y; 10M, 35F Ad libitum excluding 

probiotics and NDO 

snack bar w/o 

intervention 

Chicory inulin or 

Jerusalem artichoke 

inulin 

7.5 first wk then 15 45 3 wk BMBF InnoRegio 

BioMeT, Germany 

Calame, 2008 P Holland Adults, mean age 31y Ad libitum water Chicory inulin 10 16 - 18 4 wk Kerry Ingredients, UK 

Depeint, 2008 XO - 1 wk 

washout 

England Adults mean age 36.4y; 12M, 18F Ad libitum excluding 

probiotics and NDO 

sucrose V-GOS or B-GOS  V-GOS 7g;  

B-GOS 3.6 or 7g 

30 1 wk Clasado Inc, UK 

Vulevic, 2008 XO - 4wk 

washout 

England Adults aged 64-79y; 16M, 28F Ad libitum excluding 

probiotics and NDO 

maltodextrin B-GOS 5.5 44 10 wk Clasado Inc, UK 

Cloetens, 2010  XO - 4wk 

washout 

Belgium Adults mean age 24y; 6M,14F Ad libitum excluding 

probiotics and NDO 

maltodextrin Arabinoxylan-OS 10 20 3 wk Research Foundation 

Flanders, Belgium; 

Katholieke Universiteit 

Leuven, Belgium; 

Costabile, 2010 XO - 3wk 

washout 

England Adults aged 20-42y; 14M, 18F Ad libitum excluding 

probiotics and NDO 

maltodextrin Very long chain globe 

artichoke inulin 

10 32 3 wk Bayer BioScience, 

Germany 

Ramnani, 2010 P England Adults aged 18-50y; 33M, 33F Ad libitum excluding 

probiotics and NDO 

drink w/o intervention Jerusalem artichoke 

inulin 

5 66 3 wk Unilever, The 

Netherlands 

Walton, 2010 XO - 2wk 

washout 

England Adults aged 18-39y; 13M,20F Ad libitum excluding 

probiotics and NDO 

coffee w/o intervention Manno-OS 3 or 5 33 3 wk Kraft foods, USA 

* V-GOS, galacto-oligosaccharides in beta1-4 and beta1-6 linkages; B-GOS,  galacto-oligosaccharides mainly in beta1-3 as well as  beta1-4 and  beta1-6 linkages; FOS, fructo-oligosaccharide; GOS, galacto-oligosaccharide; OS, oligosaccharide; NDO, non-

digestible oligosaccharide; PHGG, partially hydrolysed guar gum. M, male; F, female; d, day; y, year; wk ,week; TDF, total dietary fibre; DF, dietary fibre; RS, resistant starch. 
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Non-digestible carbohydrates and faecal bacteria trial design -adults 
Study Study 

design 

Country Subject characteristics Basal diet Control intervention Intervention Intervention dose 

(g/d) 

Sample 

size at 

start 

Duration Funding Source 

Dietary fibres 

and RS 

          

Jenkins, 1999 XO - 2 wk 

washout 

Canada Adults aged 22-53y; 12M. 12F Ad libitum low-fibre control Wheat bran,  31 TDF - 1.5 RS 24 2 wk Univeristy-Industry Program 

of National Sciences Research 

Council, Canada; Nacan 

Products, Canada 

      RS2 or RS3 30 TDF; 21.5 or 27.9 

RS 

  

Martensson, 

2005 

P Sweden Adults aged 23-71 with mild 

hypercholesterolaemia; 24M, 32F 

Ad libitum excluding 

probiotic 

fermented dairy-based 

product (600ml) 

Fermented oat-based 

product (600ml) 

3  beta glucan; 7.2 

DF 
 

62 5 wk Swedish Farmers Cooperation; 

Swedish Scientific Research 

Council; Ceba Foods, Sweden       Fermented oat based 

product with microbial 

beta glucans (600ml) 

3.6  beta glucan; 8.4 

DF 

  

Pasman, 2006 P Holland Adults aged 20-45y; 48M Ad libitum excluding 

probiotics and NDO 

maltodextrin Wheat dextrin RS4 30 or 45 RS 48 4 wk TNO, The Netherlands; 

Roquette Frères, France 

Smith, 2006 XO - 4 wk 

washout 

Australia Adults aged 25-64y; 18M Semi-controlled excluding 

legumes and fermented 

products 

low-fibre control w/o 

intervention 

legume fibre (lupin 

kernel)  

45.4 TDF 18 4 wk Grains R & D Corportion, 

Ausralia; Australian Research 

Council; Department of 

Agriculture, Western 

Australia, Deakin University 

Gråsten, 2007 XO - 8 wk 

washout 

Finland Adults aged 46-68y;  39F Ad libitum low-fibre diet 

excluding probiotics 

White wheat bread Whole grain rye bread 

with incr. fibre content  

31.5 TDF  43 8 wk Technology Development 

Center, Finland 

Calame, 2008 P Holland Adults mean age 31y Ad libitum excluding 

probiotics and NDO 

water Partially hydrolysed 

guar gum 

5, 10, 20 or 40 51 4wk Kerry Ingredients, Ireland 

      Chicory inulin 10    

Fastinger, 2008 P USA Adults mean age 27y; 20M, 19F Ad libitum  low-fibre diet 

excluding probiotics and 

NDO 

maltodextrin Corn RS4 7.5, or 15 RS 39 3 wk Matsutani Chemical Industry 

Co, Japan 

Carvalho-

Wells, 2010 

XO – 3 wk 

washout 

England Adults aged 21-51y: 11M, 21F Ad libitum excluding 

probiotics, NDO and 

wholegrain cereals 

Refined-grain breakfast 

cereal 

Whole-grain corn 

breakfast cereal 

14.2 TDF 33 3 wk Cereals Partners Worldwide, 

UK 

Polyol 
          

Ballongue, 

1997 

P Switzerlan

d 

Adults aged 24-31y Ad libitum glucose/lactose 50:50 Lactitol 20 24 4 wk NR 

Gostner, 2006 XO – 4 wk 

washout 

Germany Adults aged 21-54; 12M, 7F Controlled low -fibre sucrose Polyol isomalt 30.0 20 3 wk Suedzucker AG, Germany 

Finney, 2007 P England Adults aged 18-24y; 39M, 26F Ad libitum low polyol, 

excluding probiotics and 

NDO 

sucrose Lactitol 5 or 10 75 1 wk Purac Biochem, The 

Netherlands 

Polydextrose           

Jie, 2000 P China Adults mean age ~30y ; 66M 54F Controlled placebo polydextrose 4, 8 or 12 120 4 wk Danisco Cultor, USA 

Hengst, 2008 P Germany Adults aged 19-66y; 8M, 37F Ad libitum excluding 

probiotics and NDO 

yoghurt w/o intervention Polydextrose 8 56 3 wk Zott GmbH & co, Germany 

Mixture           

Beards, 2010 P England Adults mean age ~33y ; 13M, 27F Ad libitum sucrose Maltitol 22.8 – 45.6 40 6 wk Cadbury’s, UK 

      Maltitol and 

polydextrose 

22.8 – 45.6    

      Maltitol and RS4 - 

wheat dextrin 

22.8 – 45.6    

M, male; F, female; d, day; y, year; wk ,week; TDF, total dietary fibre; DF, dietary fibre; RS, resistant starch. 
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Risk of bias 

 

152. A summary of the risk of bias assessment has been given in Table 36. Three of the 

trials did not report whether they were randomised.  Only one randomised trial 

(Calame et al., 2008) reported the method of sequence generation. No trial gave any 

indication of how allocation was concealed.  Twenty three of the trials reported 

participants and personnel to be blind, one reported participants blind only, three were 

open, and eight unclear as to the nature of blinding if any. 

 

153. The dropout percentages were generally low with eigthteen trials reporting no missing 

outcome data. Of the fifteen trials reporting missing outcome data, drop-out rates 

ranged from 2 to 20%. In those that reported drop-outs it either seemed unlikely 

missing outcome data were related to the intervention or missing outcome data were 

balanced in numbers across intervention groups, with similar reasons for missing data 

across groups.  
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Table 36. Non-digestible carbohydrates and faecal bacteria trial risk of bias assessment -adults  
Study Time Randomisation Sequence generation Allocation 

concealment 

Blinding of participants, personnel and outcome 

assessors 

Incomplete outcome data Dropouts (%) 

Ito 1990 NR  - Participants blind only No missing outcome data 0 

Bouhnik 1996 Yes NR NR  Participants and personnel blind No missing outcome data 0 

Alles 1999 NR - - NR Missing outcome data unlikely to be related to outcome 2 

Bouhnik 1999 Yes NR NR NR No missing outcome data 0 

Tuohy 2001 Yes NR NR Participants and personnel blind No missing outcome data 0 

Gopal 2003 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome 3 

Bouhnik 2004 Yes NR NR Participants and personnel blind No missing outcome data 0 

Tannock 2004 NR  - - Participants and personnel blind No missing outcome data 0 

Bouhnik 2006 Yes NR NR NR No missing outcome data 0 

Bouhnik 2007 Yes NR NR Participants and personnel blind No missing outcome data 0 

Fuller  2007 Yes No No Open Missing outcome data unlikely to be related to outcome 8 

Kleessen 2007 Yes NR NR Participants and personnel blind No missing outcome data 0 

Calame 2008 Yes Yes NR Participants and personnel blind Missing outcome data unlikely to be related to outcome 6 

Depeint 2008 Yes NR NR Participants and personnel blind No missing outcome data 0 

Vulevic 2008 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome 7 

Cloetens  2010 Yes NR NR NR no missing outcome data 0 

Costabile 2010 Yes NR NR participants and personnel blind Missing outcome data unlikely to be related to outcome 3 

Ramnani 2010 Yes NR NR participants and personnel blind no missing outcome data 0 

Walton 2010 Yes NR NR participants and personnel blind Missing outcome data unlikely to be related to outcome 6 

Jenkins 1999 Yes NR NR Open No missing outcome data 0 

Martensson 2005 Yes NR NR Participants and personnel blind Missing outcome data balanced in numbers across intervention groups 10 

Pasman 2006 Yes NR NR Participants and personnel blind Missing outcome data balanced in numbers across intervention groups 10 

Smith 2006 Yes NR NR Participants blind only No missing outcome data 0 

Gråsten 2007 Yes NR NR Open Missing outcome data unlikely to be related to outcome 9 

Calame 2008 Yes Yes NR Participants and personnel blind Missing outcome data unlikely to be related to outcome 6 

Fastinger 2008 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome 3 

Carvalho-Wells 2010 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome 3 

NR, not reported. 
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Non-digestible carbohydrates and faecal bacteria trial risk of bias assessment -adults 
Study Date Randomisation Sequence generation Allocation 

concealment 

Blinding of participants, personnel and outcome 

assessors 

Incomplete outcome data Dropouts (%) 

Ballongue 1997 Yes NR NR Participants and personnel blind No missing outcome data 0 

Gostner 2006 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome 5 

Finney 2007 Yes NR NR Participants and personnel blind No missing outcome data 0 

Jie 2000 Yes NR NR Participants and personnel blind No missing outcome data 0 

Hengst 2008 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome 20 

Beards 2010 Yes NR NR Participants and personnel blind No missing outcome data 0 

NR, not reported.  
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Results 

 

154. The findings from all trials have been summarised in Table 37 and Table 38.  The 

most consistent finding with regard to non-digestible oligosaccharide and inulin 

interventions was an increase in faecal content of Bifidobacterium spp.  Several of the 

trials, however, observed no effect or only a change from baseline,but not relative to 

control. Two trials reported that volunteers with the lowest initial Bifidobacterium spp 

population levels produced the largest increase in response to non-digestible 

oligosaccharide and visa versa (Tuohy et al., 2001b; Bouhnik et al., 2004).  The 

duration of non-digestible oligosaccharide or inulin supplementation affected the 

observed increase in faecal content of Bifidobacterium spp in two trials, which 

progressively increased over 3 weeks (Kleessen et al., 2007) and ten weeks (Vulevic 

et al., 2008).  Although, in trials of a duration of one week to 16 days (Ito et al., 1990; 

Bouhnik et al., 1999; Bouhnik et al., 2004; Bouhnik et al., 2006; Fuller et al., 2007; 

Depeint et al., 2008), all, except one (Bouhnik et al., 2006), reported that non-

digestible oligosaccharide supplementation increased faecal Bifidobacterium spp 

content.   

 

155. The degree of polymerisation of the saccharide units in the non-digestible 

oligosaccharides and inulin has been included in Table 37.  Six trials investigated the 

effect of fructo-oligosaccharide on faecal bacteria content. At doses of 10g/day or 

more fructo-oligosaccharide generally increased faecal Bifidobacterium spp. content 

relative to control.  Seven trials investigated the effect of galacto-oligosaccharide on 

faecal bacteria content. At doses of 10g/day or more galacto-oligosaccharide 

generally increased faecal Bifidobacterium spp. content relative to control. 

 

156. Eight trials investigated the effect of inulin (various sources), on faecal bacteria 

content. At doses of 5-10g/day or more inulin generally increased faecal 

Bifidobacterium spp. content relative to control; however, the results were more 

mixed than for fructo-oligosaccharide and galacto-oligosaccharide, with three trials 

reporting no effect of chicory inulin at doses of 5-10g/day, one of which used long 

chain chicory inulin containing no oligosaccharides (Bouhnik et al., 2004).  Two 

other trials reported that chicory inulin at doses of 5-10g/day increased faecal 

Bifidobacterium spp. content relative to control, one of which reported inulin derived 

from Jerusalem artichoke and chicory to be equivalent in this regard (Kleessen et al., 

2007).  Another trial reported that very long chain inulin derived from globe artichoke 

was effective in increasing faecal Bifidobacterium spp. content relative to control 

(Costabile et al., 2010).  It was unclear if the degree of polymerisation affected the 

capacity of non-digestible oligosaccharides and inulin to increase faecal 

Bifidobacterium spp. content. 

 

 

 

 

 

 

 

 

157. For the dietary fibre and resistant starch intervention trials (see Table 38), there 
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appeared to be little overall impact on faecal bacteria content, although total excretion 

would be expected to increase with increased faecal output.  Three trials reported 

effects on faecal bacteria content however.  Legume fibre and partially hydrolysed 

guar gum were reported to increase the faecal content of Bifidobacterium spp. in two 

trials (Smith et al., 2006; Calame et al., 2008), while whole grain corn breakfast 

cereal consumption also increased the faecal content of Bifidobacterium spp 

(Carvalho-Wells et al., 2010). 

 

158. The polyol intervention trials generally reported increased faecal Bifidobacterium spp, 

in response to supplementation and two reported a corresponding reduction in faecal 

Bacteriode concentration.   

 

159. One trial reported increased faecal Bifidobacterium spp. and reduced faecal 

Bacteriodes in response to supplementation with polydextrose (Jie et al., 2000); 

however, another trial reported no effect of polydextrose on the faecal content of  

Lactobacillus acidophilus, Bifidobacterium lactis and Eubacterium spp (Hengst et al., 

2008). 

 

160. One trial supplemented subjects with increasing doses (22.8-45.6 g/day) over six 

weeks of either the polyol maltitol, maltitol and polydextrose or maltitol and RS4 (a 

modified dextrin) (Beards et al., 2010).  The data, however, were not analysed in 

comparison to the control group values, but as an increase from baseline values.  

There appeared to be no evidence of an effect on faecal bacteria content in 

comparison to control. 
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Table 37. Non-digestible oligosaccharide and inulin and faecal bacteria trial results -adults 
Study Time Intervention Degree of 

polymerisation 

Dose (g/d) Flora unit of 

measure 

Bif  

C 

Bif.  

I 

Microbiological 

method 

Bacteria investigated Results 

Ito, 1990 1 wk GOS 2-6 2.5 log 10 cells /g 

faeces wet wt 

9.8±0.2 9.8±0.2 cultured on selective 

media 

Total bacteria, Bif, Bact, Entero, 

Lact, Enterococci 

The highest dose of GOS increased faecal Bif content, with 

a linear correlation (r=0.42) at all doses.  There was also an 

increase in faecal Lact content with GOS administration.  

There was no effect on the other faecal bacteria investigated  

    5   9.9±0.3   

    10   10.1±0.3   

Bouhnik, 

1996 

12 d FOS 2-4 12.5 log 10 cfu/g 

faeces wet wt 

8.4±1.3 9.1±0.9 cultured on selective 

media 

Total anaerobes, Bif FOS increased faecal Bif counts, but had no effect on total 

anaerobes  

Alles, 1999 3 wk GOS 2-6 8.5 log 10 cfu/g 

faeces wet wt 

9.8±0.4 9.7±0.4 cultured on selective 

media 

Total anaerobe and aerobe, Bif, 

Lact, E. coli, Clost 

There was no effect of GOS on any of the faecal bacteria 

investigated.The number of Bif increased from baseline 

after both placebo and trans-galacto-oligosaccharides 

ingestion 

    14.4   9.6±0.4   

Bouhnik, 

1999 

1 wk FOS 2-4 2.5 log 10 cfu/g 

faeces wet wt 

8.3±3.0 8.2±3.0 cultured on selective 

media 

Total anaerobe, Bif FOS increased faecal Bif content at 10 and 20g/d relative to 

control. There was a correlation between the dose of 

ingested FOS and the faecal Bif counts (r = 0.53).  No effect 

on faecal total anaerobe content  

    5   9.1±1.2   

    10   9.5±0.9   

    20   9.5±1.7   

Tuohy, 2001 3 wk FOS;  

partially 

hydrolysed 

guar gum 

NR 6.6 g 

FOS/d and 

3.4gPHGG

/ 

log 10 cells/g 

faeces wet wt 

9.2±0.5 9.6±0.3 FISH employing 16S 

rRNA-targeted probes 

Total, Bact, Bif, Clost, Lact. FOS and partially hydrolyzed guar gum increased Bif faecal 

content and had no effect on other bacterial populations 

investigated. Those volunteers showing the lowest initial Bif 

population levels gave the largest increase on ingestion of 

the experimental biscuits and visa versa.  

Gopal, 2003 4 wk GOS 2-3 (4 traces) 2.4 log 10 /g faeces 

wet wt 

8.7±0.2 9.4±0.2 cultured on selective 

media 

Bif, Lact, Entero,Sstreptococci, 

Clost, Bact, total anaerobe 

GOS increased the faecal Bif and Lact without effect on the 

other bacteria investigated 

 

Bouhnik, 

2004 

1 wk FOS 2-4 10 log 10 cfu/g 

faeces wet wt 

7.9±1.7 9.7±0.6 cultured on selective 

media 

Total anaerobe, Bif, Lact, Bact, 

Entero 

FOS, GOS and soybean OS increased faecal Bif content, but 

inulin and isomalto OS showed no effect.  There was no 

effect on faecal count of total anaerobes, Lact, Bact or 

Entero.  In a follow-up dose-response study, using those 

carbohydrates shown to increase Bif, there was no 

difference in faecal Bif content in response to doses 2.5, 5, 

7.5 or 10g/d over one week.  A low baseline Bif count was 

significantly associated with the Bif response to treatment 

  Soybean OS NR 10   9.8±1.2   

  GOS NR 10   10.1±0.3   

  Chicory 

inulin 

NR 10   7.7±2.1   

  Isomalto OS NR 10   8.7±1.2   

Tannock, 

2004 

3 wk GOS or FOS NR 2.5 NR NR NR cultured on selective 

media, DGGE and 

FISH 

Bif, Lact, Entero by culture; Bif 

by DGGE; B. adolescentis and 

Colinsella aerofaciens by FISH  

No effect of non-digestible oligosaccharide on bacterial 

species examined  

Bouhnik, 

2006 

1 wk FOS 2-4 2.5 log 10 cfu/g 

faeces wet wt 

9.6±0.6 9.4±2.0 cultured on selective 

media 

Total anaerobes, Bif, Bact, 

Entero, Lact,  

No effect of FOS on faecal bacteria content investigated as 

compared with control, although change from baseline data 

showed an increase in Bif content in response to all doses of 

FOS. 

    5   10.7±0.6   

    7.5   9.9±1.0   

    10   10.2±1.7   

I, intervention; C, control; Cfu, colony forming unit; wt, weight, wk, week, d, day; NR, not reported; FOS fructo-oligosaccharide; GOS, galacto-oligosaccharide; FISH, fluorescence in situ hybridization; DGGE, denaturing gradient gel electrophoresis; Bif, 

Bifidobacterium spp.; Lact, Lactobacillus spp.; Bact, Bacteroides spp.; Clost, Clostridium spp. Entero, Enterobacteriaceae spp; E. coli, Escherichia coli; * median values; NR, not reported. 
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Non-digestible oligosaccharide and inulin and faecal bacteria trial results adults 
Study Duration Intervention Degree of 

polymerisation 

Dose 

(g/d) 

Flora unit of 

measure 

Bif  

C 

Bif.  

I 

Microbiological 

method 

Bacteria investigated Results 

Bouhnik, 

2007 

4 wk Chicory 

inulin 

2-60 5 log 10 cfu/g 

faeces wet wt 

8.6±1.3 9.0±0.4 Cultured on 

selective media 

Total anaerobes, Bif, Bact, Entero, Lact,  No effect of inulin on faecal bacteria content 

investigated as compared with control; increase in 

Bif from baseline for intervention only, while total 

anaerobes and Bact increased from baseline in both 

placebo and intervention groups. Lact decreased in 

the placebo group.   

Fuller, 

2007 

16 d Chicory 

inulin 

2-60 10 % Bif 16S 

rRNA genes 

4.2 1.1 Quantitative 

real-time PCR 

Bif Inulin increased the faecal content of Bif.  

Kleessen, 

2007 

 

3 wk Chicory 

inulin  

24% < 5; 46% 

5–12; 30%  > 

12 

7.5 - 

15 

log 10 cfu/g 

faeces wet wt 

8.6±0.5 9.6±0.4 Cultured on 

selective media, 

FISH with 

species- and 

group-specific 

oligonucleotide 

probes 

Total bacteria, Atopobium group, Bacteroides and 

Prevotella, Bif, Clostridium histolyticum group & 

C. lituseburense group, C. coccoides/Eubacterium 

rectale cluster, Faecalibacterium prausnitzii,  

Lactobacillus, Enterococcus group, 

Enterobacteriaceae and C. perfringens 

Both inulins increased faecal content of Bif, which 

became more so during the 3 weeks of the trial. In 

3rd week, bacteriodes/prevotella. were decreased. 

Clostridium coccoides/Eubacterium rectale cluster 

were decreased compared to baseline.  There was 

no effect on the other bacteria investigated.  

  Jerusalem 

artichoke 

inulin 

40% < 5;  49% 

5–12; 11% > 12 

7.5 - 

15 

  9.7±0.5 

Calame, 

2008 

4 wk Chicory 

inulin 

mean 9 10 log 10 cells/g 

faeces wet wt 

8.5±1.2 8.7±1.1 Quantitative 

real-time PCR 

Bif, Bact, Lact, enterocicci, C. difficile  Inulin had no effect on any of the faecal bacteria 

investigated relative to control 

 

Depeint, 

2008 

1 wk V-GOS  NR 7 Bacterial 

proportions 

of microflora  

5.0±1.5 6.0±1.1 FISH 

employing gp-

sepcific 16S 

rRNA-targeted 

probes 

Total bacteria, Bif, Clostridium perfringens– 

histolyticum subgroup, Bacteroides-Prevotella, 

Lactobacillus-Enterococcus spp 

Both GOS increased faecal Bif content relative to 

control, but had no effect on the other bacteria 

investigated.  B-GOS appeared to increase faecal 

Bif more than V-GOS.   B-GOS 2-5 3.6  4.0±1.8 5.4±1.1 

    7   6.7±1.2 

Vulevic, 

2008 

10 wk B-GOS 2-5 5.5 log 10 cells/g 

faeces wet wt 

9.3±0.3 10.0±0.4 FISH 

employing gp-

sepcific 16S 

rRNA-targeted 

probes 

Total bacteria, Bif, Bact, Lactobacillus-

Enterococcus spp., the Clostridium coccoides–

Eubacterium rectale group, the Clostridium 

histolyticum group, E. coli, and Desulfovibrio spp. 

GOS increased the faecal content of Bif spp., 

Lactobacillus-Enterococcus spp., Clostridium 

coccoides–Eubacterium rectale and dcreased the 

faecal content of Bacteroides spp., Clostridium 

histolyticum group, Escherichia coli and 

Desulfovibrio spp. compared with placebo.   

Cloetens, 

2010 

3 wk Arabinoxylan

-OS 

mean 6 10 log 10 cells/g 

faeces dry wt 

8.2* 8.2* Quantitative 

real-time PCR 

Total bacteria, Bif, Bact, Lactobacilli, Roseburia–

Eubacterium rectale group, Enterobacteria 

 

Arabinoxylan-OS had no effect on the faecal 

bacteria investigated relative to control. 

Costabile, 

2010 

3 wk Globe 

artichoke 

inulin 

mean >55 10 log 10 cells/g 

faeces wet wt 

9.2±0.3 9.7±0.2 FISH 

employing gp-

sepcific 16S 

rRNA-targeted 

probes 

Total bacteria, Bif, Bact, Lactobacilli-enterococcus, 

Atopobium, E. coli,  Eubacterium rectal-

Clostridium coccoides, E. rectal-Roseburia, 

Ruminococcus, C. lituseburense, C. histolyticum, 

Clostridium cluster I, II, XVI  

 

Inulin increased Bif, Lactobacilli-enterococcus and 

Atopobium and decreased Bacteroides-Prevotella 

faecal content relative to control. 

Ramnani, 

2010 

3 wk Jerusalem 

artichoke 

inulin 

NR 5 log 10 cells/g 

faeces wet wt 

9.3±0.4 10.0±0.2 FISH 

employing gp-

sepcific 16S 

rRNA-targeted 

probes 

 

Total bacteria, Bif, Bact, Lactobacilli-enterococcus, 

Clostridium histolyticum, Eubacterium rectal-

Clostridium coccoides Atopobium, 

Faecalibacterium prausnitzii, Propionibacterium 

Inulin in both fruit and vegetable preparations 

increased faecal Bif and Lact content relative to 

control. 

    5   9.8±0.2  

Walton, 

2010 

3 wk Manno-OS NR 3 or 5 log 10 cells/g 

faeces wet wt 

NR NR FISH 

employing gp-

sepcific 16S 

rRNA-targeted 

probes 

 

Total bacteria, Bif, Bact, Lactobacilli-enterococcus, 

Clostridium histolyticum, Eubacterium rectal 

Atopobium, E.coli 

Coffee-derived manno-OS at 3g/day, but not 

5g/day, increased faecal Bif content relative to 

control 

I, intervention; C, control; Cfu, colony forming unit; wt, weight, wk, week, d, day; NR, not reported; FOS fructo-oligosaccharide; GOS, galacto-oligosaccharide; FISH, fluorescence in situ hybridization; DGGE, denaturing gradient gel electrophoresis; Bif, 

Bifidobacterium spp.; Lact, Lactobacillus spp.; Bact, Bacteroides spp.; Clost, Clostridium spp. Entero, Enterobacteriaceae spp; E. coli, Escherichia coli; * median values. NR, not reported. V-GOS, galacto-oligosaccharides in beta1-4 and beta1-6 linkages; B-

GOS,  galacto-oligosaccharides mainly in beta1-3 as well as  beta1-4 and  beta1-6 linkages 



 

This document was prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN or the advice/policy of Public Health England and 
Health Departments.  

89 

Table 38. Dietary fibres, resistant starch, polyols and polydextrose and faecal bacteria trial results -adults 
Study Date Intervention Intervention 

dose (g/d) 

Flora unit of 

measure 

Bif  

C 

Bif.  

I 

Microbiological 

method 

Bacteria investigated Results 

Dietary fibres  

and RS 

        

Jenkins, 

1999 

2 wk Wheat bran 31 TDF log 10 cfu/g 

faeces wet 

wt 

9.0±1.1 9.0±1.5 cultured on 

selective media 

Total anaerobes and aerobes, Bif, 

Bact, Fusobacteria 

Neither wheat bran nor RS affected the faecal content of bacteria 

counted 

  RS2 21.5    8.3±1.5    

  RS3 27.9    8.6±±2.2    

Bouhnik, 

2004 

1 wk RS3 10 log 10 cfu/g 

faeces wet 

wt 

7.9±1.7 9.4±1.4 cultured on 

selective media 

Total anaerobe, Bif A non-signifcant trend for RS to increase Bif. No effect on total 

anaerobe counts. 

Martensson, 

2005 

5 wk Oat beta-

glucans 

3  log 10 

cells/g 

faeces wet 

wt 

9.1 * 9.2* FISH Total bacteria, Bif Increased faecal Bif content in response to fermented oat based 

product with microbial beta glucans, but not with oat beta glucans 

alone.  No effect on total faecal bacteria content  

  Oat and 

microbial 

beta glucans 

3.6   9.4*   

Pasman, 

2006 

4 wk Wheat 

dextrin RS4 

30 or 45 log 10 cfu/g 

faeces wet 

wt 

NR NR cultured on 

selective media 

Total anaerobes, Bif, Bact, Lact, 

Entero, Clost, Enterococci 

No effect of modified starch relative to control on faecal bacteria 

investigated  

Smith, 2006 4 wk legume fibre 

(lupin 

kernel)  

45.4 TDF log 10 

cells/g 

faeces dry 

wt 

8.9±0.6 9.2 ±1.5 FISH employing 

gp-sepcific 16S 

rRNA-targeted 

probes 

Total, Bif, Bact, prevotella, 

Clostridium coccoidess-Eubacterium 

reactale gp, E coli, Clostridium 

lituseburense and histolyticum gps, 

Lactobacillus-Enterococci, C. 

ramosum, spiroforme and cocleatum 

Legume fibre increased faecal content of Bif and decreased the 

Clostridia group (C. Ramosum, C. spiroforme & C. cocleatum).  

There was a trend (p=0.053) for Bacteriodes-Prevotella gp bacteria 

content to decrease. There was no effect on other bacteria 

populations investigated. 

Gråsten, 

2007 

8 wk Whole grain 

rye bread  

31.5 TDF  log 10 cfu/g 

faeces wet 

wt 

8.0±1.4 8.2±0.9 Cultured on 

selective media 

Total anaerobes and aerobes, Bif, Lact, 

Entero 

No effect of wholegrain rye bread on faecal bacterial  

Calame, 

2008 

4 wk Partially 

hydrolysed 

guar gum  

5 log 10 

cells/g 

faeces wet 

wt 

8.5±1.2 7.8±0.9 Quantitative 

real-time PCR 

Bif, Bact, Lact, enterocicci, C. difficile  Guar gum doses of 10g or more tended to increase Bif to a similar 

extent compared with control, but data analysed as base-line 

comparisons.  In comparison to control, there was no effect of guar 

gum reported for any of the faecal bacteria investigated.   

   10   9.1±1.2   

   20   8.9±1.1   

   40   9.1±1.4   

Fastinger, 

2008 

3 wk Corn RS4  7.5 RS log 10 cfu/g 

faeces dry 

wt 

9.6 9.6 Quantitative 

real-time PCR +  

Bif, Lact, Clostridium perfringens No effect of modified starch on investigated faecal bacteria. 

  Corn RS4 15 RS   10.0      

Carvahlo-

Wells, 2010 

3 wk Wholegrain 

corn 

14.2 TDF log 10 

cells/g 

faeces wet 

wt 

9.6±0.3 9.8±0.3 FISH employing 

gp-sepcific 16S 

rRNA-targeted 

probes 

Total, Bif, Lact, enterocicci Bact, 

Clostridia, Eubacterium reactale gp, 

Atopobium 

Wholegrain corn breaskfat cereal consumption increased faecal Bif 

content.  No effect on other faecal bacteria. 

  

RS, resistant starch; I, intervention; C, control; Cfu, colony forming unit; wt, weight, wk, week, d, day; NR, not reported; FISH, fluorescence in situ hybridization; DGGE, denaturing gradient gel electrophoresis; Bif, Bifidobacterium spp.; Lact, 

Lactobacillus spp.; Bact, Bacteroides spp.; Clost, Clostridium spp. Entero, Enterobacteriaceae spp; E. coli, Escherichia coli; * median values. 
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Dietary fibres, resistant starch, polyols and polydextrose and faecal bacteria trial results -adults 
Study  

Time 

Intervention Dose 

(g/d) 

Flora unit of 

measure 

Bif  

C 

Bif.  

I 

Microbiol 

method 

Bacteria investigated Results 

Polyol 
         

Ballongue, 

1997 

4 wk Lactitol 20 log units 8.4±0.2 8.9±0.3 cultured on 

selective media 

Bif, Bact, Clost, Lact, Coliforms, 

Eubacterium, Streptococcus 

Lactitol increased faecal Bif ,Lact and Streptococcus bacterial counts 

and decreased putrifactive (bacteriode, clostridium, coliform and 

eubacterium) bacterial counts.  

Gostner, 

2006 

3 wk Polyol isomalt 30 counts x 

109/g faeces 

wet wt 

9.3±3.7 12.0±6.5 cultured on 

selective media, 

FISH with 

species- and 

group-specific 

oligonucleotide 

probes 

Total microflora, Atopobium group, 

Bacteroides and Prevotella, Bif, 

Clostridium histolyticum,group, 

Clostridium lituseburense group, 

Eubacterium cylindroides cluster, 

Eubacterium rectale cluster, 

Faecalibacterium prausnitzii, 

Proteobacteria g-group, 

Lactobacillus/Enterococcus group, E. 

coli, Gram positive bacteria, 

Actinobacteria and Roseburia 

intestinalis 

Isomalt increased faecal Bif content, as assessed by both methods, 

and decreased Bacteriodes, Prevotella and Roseburia intestinalis, by 

FISH method.  There was no effect on the other faecal bacteria 

investigated 

Finney, 

2007 

1 wk Lactitol 5 or 10 log 10 cfu/g 

faeces wet 

wt 

NR 10.06 cultured on 

selective media 

Lact, Bif, Entero, total anaerobes & 

aerobes 

No effect of lactitol on faecal bacterial content compared with 

control, although an increase in Bif from baseline was observed with 

the 10g dose.  

Polydextrose 
         

Jie, 2000 4 wk Polydextrose 4 counts x 

109/g faeces 

wet wt 

0.5±0.2 1.5±0.4 cultured on 

selective media 

Bacteroides fragilis, B. vulgatus, B. 

intermedius, Bif, Lact 

There were substantial changes in faecal anaerobes after 

polydextrose intake. Bacteroides species (B. fragilis, B. vulgatus, and 

B. intermedius) decreased, whereas Lact and Bif species increased. 

  Polydextrose 8   3.1±1.1   

  Polydextrose 12   5.3±1.7   

Hengst, 

2009 

3 wk Polydextrose 8 NR NR NR FISH with 

species- and 

group-specific 

oligonucleotide 

probes 

Lactobacillus acidophilus, 

Bifidobacterium lactis, Eubacterium 

No effect on faecal bacteria content 

Mixture 
         

Beards, 

2010 

6 wk Maltitol 22.8-45.6 log 10 

cells/g 

faeces wet 

wt 

9.1** 9.4 FISH with 

species- and 

group-specific 

oligonucleotide 

probes 

Total Bif, Bact, Clost, Lact, 

Eubacteria. Atopobium, 

Fusobacterium prausnitzi, 

Ruminococcus flavefaciens/bromii 

No effect on faecal bacteria content. The data were not analysed in 

comparison to control group, but as an increase from baseline values.  

No evidence of an effect on faecal bacteria content in comparison to 

control. 

  Maltitol and 

polydextrose 

22.8-45.6   9.3 

  Maltitol and 

wheat dextrin 

RS4  

22.8-45.6   9.2 

I, intervention; C, control; Cfu, colony forming unit; wt, weight, wk, week, d, day; NR, not reported; FOS fructo-oligosaccharide; GOS, galacto-oligosaccharide; FISH, fluorescence in situ hybridization; DGGE, denaturing gradient gel 

electrophoresis; Bif, Bifidobacterium spp.; Lact, Lactobacillus spp.; Bact, Bacteroides spp.; Clost, Clostridium spp. Entero, Enterobacteriaceae spp; E. coli, Escherichia coli; * median values; ** variance data reported as pooled sem only. 
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The effect of non-digestible carbohydrates on faecal bacteria in infants 

 

161. Human milk contains a complex mixture of more than 100 different oligosaccharides 

in small amounts, which among other functions may also serve as substrates for 

colonic fermentation (Kunz et al., 1999).  Small-chain oligosaccharides, evident in 

abundance in the early stage of lactation, are selectively fermented by specific stains 

of Bifidobacterium longum biovar, infantis (Niñonuevo & Lebrilla, 2009).  

Oligofructose is not found in human milk and oligogalactose is found only in trace 

amounts.  Breast fed infants typically show a Bifidus-dominated gut flora. In infants, 

the promotion of a Bifidus-dominated flora is considered to have beneficial effects, 

such as some protection against enteric infections.  Breast-fed infants generally 

harbour a more diverse range of Bifidobacterium species than breast milk substitute-

fed infants (Klaassens et al., 2009; Roger et al., 2010) and large inter-individual 

variation has been observed in the infant faecal microflora and its development 

(Roger & McCartney, 2010).  Supplementation of breast milk substitutes and follow-

on formulae with non-digestible oligosaccharides, such as galacto-oligosaccharide 

and fructo-oligosaccharide, or inulin, has been investigated as a means of changing 

infant gut microflora to become more similar to the Bifidus-dominated breastfed 

infant. 

 

162. Eighteen articles were identified as eligible and all used a non-digestible 

oligosaccharide or inulin intervention (see Appendix 2 for studies excluded).  

Seventeen supplemented infants and young children (Moro et al., 2002; Ben et al., 

2004; Bakker-Zierikzee et al., 2005; Fanaro et al., 2005; Brunser et al., 2006; 

Scholtens et al., 2006a; Alliet et al., 2007; Kim et al., 2007; Waligora-Dupriet et al., 

2007; Ben et al., 2008; Costalos et al., 2008; Magne et al., 2008; Fanaro et al., 2009; 

Nakamura et al., 2009), some of which reported on different aspects of the same trial: 

(Knol et al., 2005; Haarman & Knol, 2006) and (Alliet et al., 2007; Scholtens et al., 

2008).  One trial supplemented pregnant women and subsequently examined both 

mother and neonate faecal bacteria (Shadid et al., 2007).  The trial design details have 

been summarised in Table 39.  Only one trial employed a cross-over design, with no 

washout period.  All the other trials employed a parallel design.  

 

163. The age of the infants at trial enrolment varied from three days to several months.  

There were seven trials in infants aged less than one month at enrolment (Moro et al., 

2002; Ben et al., 2004; Bakker-Zierikzee et al., 2005; Fanaro et al., 2005; Ben et al., 

2008; Costalos et al., 2008; Scholtens et al., 2008), and of the other trials four were in 

infants aged several months at enrolment (Brunser et al., 2006; Scholtens et al., 

2006b; Waligora-Dupriet et al., 2007; Fanaro et al., 2009).  Several of the trials also 

included breast-fed infant comparison groups (Ben et al., 2004; Bakker-Zierikzee et 

al., 2005; Knol et al., 2005; Brunser et al., 2006; Ben et al., 2008; Scholtens et al., 

2008).  The mothers of the enrolled infants in these trials could not, or chose not, to 

breast feed or had ceased breast feeding after a week or more.   

 

164. The duration of interventions ranged from three weeks to six months and initial 

sample sizes ranged from 14-176 subjects.  1. The funding sources, where 

reported, were Commercial; 25% of trials did not report funding sources. 
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Table 39. Non-digestible oligosaccharide and inulin and faecal bacteria trial design - infants and pregnant mothers  
Study Study 

design 

Country Subject characteristics Basal diet Control 

intervention 

Intervention Intervention 

dose (g/d) 

Sample 

size at start 

Duration Funding source 

Infants           

Moro, 

2002 

P Italy Infants mean age at study entry 6-

7d; 46M, 46F  

Formula maltodextrins GOS/FOS mixture 4g/L 92 4 wk NR 

       8g/L    

Ben, 2004 P China Infants initially breast fed  Formula formula w/o 

intervention  

GOS  2.4g/L 121  6 mth Friesland Nutrition Institute, 

Netherlands; Edward Keller 

Co. Ltd. China  

Bakker-

Zierikzee, 

2005 

P Holland Infants age at enrolment 3 d; 19M, 

19F 

Formula formula w/o 

intervention 

GOS/FOS mixture in a 9:1 ratio 6g/L 38  16 wk NR 

Fanaro, 

2005 

P Italy Infants mean age at study entry 3d Formula maltodextrins acidic oligosaccharides derived from 

citrus pectin by enzymatic hydrolysis; 

2 g/L 51 6 wk Numico, Germany 

      neutral oligosaccharides (FOS + GOS, 

6g/L) + acidic oligosaccharides (2g/L) 

8 g/L    

Knol, 

2005 

P Germany Infants mean age at enrolment  7.7 

wk 

Formula Formula w/o 

intervention 

GOS/FOS mixture in a 9:1 ratio 8g/L 68 6 wk Numico, Germany 

Brunser, 

2006 

P Chile Infants aged 3.5 mth Formula Formula w/o 

intervention 

FOS 2g/L 58 7 wk NR 

Scholtens, 

2006 

P Holland Infants aged 4-6 mth Weaning foods maltodextrins GOS/FOS mixture in a 9:1 ratio 2.5-4 35 6 wk Numico, Germany 

Kim, 2007 XO - no 

washout 

Korea Infants previously bottle fed - mean 

age 12.6 wk; 10M, 4F 

Formula (contained 

0.5g each, raffinose, 

GOS, FOS per 100g 

dry wght) 

Formula w/o 

intervention 

Chicory inulin 1.5 14 3 wk Sensus, Netherlands  

Waligora-

Dupriet, 

2007 

P France Infants and young children aged 7-

19 mth at day -nurseries 

Ad libitum maltodextrins FOS 2 35 3 wk ORAFTI, Belgium 

Ben, 2008 P China Infants aged up to 4 weeks; initialy 

breast-fed; 44M, 38F   

Formula formula w/o 

intervention 

GOS  2.4g/L 82 

 

3 mth NR 

Magne, 

2008 

P Algeria Infants previously breast fed aged 1 

wk - 3 mth 

Formula formula w/o 

intervention 

GOS/FOS 9:1 ratio 6 g/L 72 2 mth Numico, The Netherlands 

      GOS/FOS/pectin-derived acidic 

oligosaccharides 9:1:3 ratio 

8 g/L    

Costalos, 

2008 

P Greece Infants mean age at study entry 5d Formula formula w/o 

intervention 

GOS/FOS 9:1 ratio 4g/L 64 6 wk Numico, The Netherlands 

Scholtens, 

2008 

P Belgium Infants enrolled after birth or after 

initial breast-feeding 

Formula formula w/o 

intervention 

GOS/FOS 9:1 ratio 6g/L 176 26 wk Numico, The Netherlands 

Fanaro, 

2009 

P Italy & 

Spain 

Infants aged 4-6 mth; 75M, 84F Follow-on formula, 

excluding NDO and 

probiotcs 

maltodextrins GOS  5g/L 159 18 wk Humana GmbH, Germany. 

Nakamura

, 2009 

P USA Infants aged 13-92d at enrolment Formula formula w/o 

intervention 

GOS/polydextrose in 1:1 ratio 4g/L 52 4 wk Mead Johnson & Company, 

USA 

Pregnancy           

Shadid, 

2007 

P Germany Pregnant women aged 18–45 y 

enrolled at week 25 of gestation 

Ad libitum excluding 

probiotics and NDO 

maltodextrins GOS/FOS 9:1 ratio 9g 48 15 wk Numico, Germany; Child 

Health Foundation;Bristol-

Myers Squibb Foundation 

P, parallel; XO, cross-over; NR, not reported; d, day; y, year; mth, month;  wk ,week; M, male; F, female; FOS fructo-oligosaccharide; GOS, galacto-oligosaccharide; NDO, non-digestible oligosaccharide. 

* V-GOS, galacto-oligosaccharides in beta1-4 and beta1-6 linkages; B-GOS,  galacto-oligosaccharides mainly in beta1-3 as well as  beta1-4 and  beta1-6 linkages 
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Risk of bias 

 

165. A summary of the risk of bias assessment has been given in Table 40.  All of the trials 

reported being randomised; three described the method of randomisation, while two 

gave some indication of the allocation concealment process.  Three trials did not 

report whether blinding of participants or personnel had occurred (Ben et al., 2004; 

Kim et al., 2007; Ben et al., 2008). 

  

166. Three trials did not report missing outcome data. Of the eleven trials reporting 

missing outcome data, drop-out rates ranged from 2 to 43%. In those that reported 

drop-outs it either seemed unlikely that missing outcome data were related to the 

intervention or missing outcome data were balanced in numbers across intervention 

groups, with similar reasons for missing data across groups. 
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Table 40. Non-digestible oligosaccharide and inulin and faecal bacteria trial risk of bias assessment - infants and pregnant mothers  

Study Date Randomisation Sequence generation Allocation concealment Blinding of participants, personnel and outcome 

assessors 

Incomplete outcome data Dropouts 

(%) 

Infants        

Moro 2002 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to 

outcome  

2 

Ben 2004 Yes NR NR NR NR  NR 

Bakker-Zierikzee 2005 Yes NR NR Participants and personnel blind Missing outcome data balanced in numbers across 

intervention groups 

21 

Fanaro 2005 Yes NR NR Participants and personnel blind Missing outcome data balanced in numbers across 

intervention groups 

10 

Knol 2005 Yes NR NR Participants and personnel blind Missing outcome data balanced in numbers across 

intervention groups 

22 

Brunser 2006 Yes Computer generated NR Participants and personnel blind Missing outcome data balanced in numbers across 

intervention groups 

28% 

Scholtens 2006 Yes Computer generated NR Participants and personnel blind Missing outcome data balanced in numbers across 

intervention groups 

43 

Kim 2007 Yes NR NR NR NR  NR 

Waligora-Dupriet 2007 Yes NR NR Participants and personnel blind Missing outcome data balanced in numbers across 

intervention groups 

43 

Ben 2008 Yes NR NR NR NR  NR 

Magne 2008 Yes NR Sealed envelope Participants and personnel blind Missing outcome data balanced in numbers across 

intervention groups 

6 

Costalos 2008 Yes NR NR Participants and personnel blind Missing outcome data balanced in numbers across 

intervention groups 

13 

Scholtens 2008 Yes NR NR Participants and personnel blind Missing outcome data balanced in numbers across 

intervention groups 

11 

Fanaro 2009 Yes Computer generated Sealed envelope Participants and personnel blind Missing outcome data balanced in numbers across 

intervention groups 

28 

Nakamura 2009 Yes NR NR Participants and personnel blind Missing outcome data balanced in numbers across 

intervention groups 

15 

Pregnancy        

Shadid 2007 Yes NR NR Participants and personnel blind Missing outcome data balanced in numbers across 

intervention groups 

31 

NR, not reported.  
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Results 

 

167. The findings from all trials have been summarised in Table 41.  Outcome data, 

expressed as mean with standard deviation (where extractable) unless otherwise 

indicated, have been given for faecal Bifidobacterium spp concentration or relative 

proportion.  It was also not possible to synthesise data on the bacterial content of 

faeces due to the different methodologies employed and the different ways in which 

data were expressed.  No trials reported the degree of polymerisation of the saccharide 

units in non-digestible oligosaccharides and inulin. 

 

168. In those trials in younger infants, aged less than 3 months, three reported no effect on 

the faecal content of Bifidobacterium spp (Bakker-Zierikzee et al., 2005; Costalos et 

al., 2008; Nakamura et al., 2009), while eight reported non-digestible oligosaccharide 

or inulin interventions to increase the faecal content or proportion of Bifidobacterium 

spp (Moro et al., 2002; Ben et al., 2004; Fanaro et al., 2005; Knoll et al., 2008; Kim 

et al., 2007; Ben et al., 2008; Scholtens et al., 2008; Magne et al., 2008).  Where 

comparisons with breastfed infants were made, faecal Bifidobacterium spp counts 

were similar to supplemented infants.  

 

169. In older infants, aged more than 3 months, two trials reported no effect on the faecal 

content of Bifidobacterium spp (Brunser et al., 2006; Scholtens et al., 2006b), one a 

trend towards increased faecal concentrations (Waligora-Dupriet et al., 2007), while 

one reported an increase in concentration (Fanaro et al., 2009). 

  

170. Overall, the trials in younger infants tended to report that non-digestible 

oligosaccharide or inulin interventions increased the faecal content of Bifidobacterium 

spp.  In several of the trials, however, no effect, or only a change from baseline and 

not relative to control, was observed.  Many of the trials also observed a reported 

softening of faeces.   

 

171. In the one trial where pregnant women were supplemented with non-digestible 

oligosaccharide, there was an increase in maternal faecal Bifidobacterium spp. 

content, but no effect on neonate faecal bacteria content (Shadid et al., 2007). 

 

172. At this time there is little conclusive evidence on the relationship between a 

bifidobacteria-dominated flora and relevant outcomes on health and well-being in 

later life.  It has been suggested that it will be important to gain a greater 

understanding of the gut bacterial colonisation process before attempting to change 

the flora of infant populations in general (Edwards & Parrett, 2002). 
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Table 41.  Non-digestible oligosaccharide and inulin and faecal bacteria trial results - infants and pregnant mothers  
Study Intervention Dose Duration Flora unit of measure Bif  

C 

Bif.  

I 

Microbiological 

method 

Bacteria investigated Results 

Infants          

Moro, 2002 GOS/FOS 

mixture 

4g/L 4 wk log 10 cfu/g faeces wet wt 7.2* 9.3* Cultured on 

selective media 

Bif, Lact, Bact, Clost, E. coli, 

Entero, Citrobacter, Proteus, 

Klebsiella, Candida 

Dose-response increase in Bif content, while Lact content was 

increased equally by both NDO doses.  No effect on the faecal 

content of the other bacteria investigated.  Faeces were observed to 

be softer in infants fed NDO. 

  8g/L    9.7*    

Ben, 2004 GOS  2.4g/L 6 mth log 10 cfu/g faeces wet wt 6.0±0.9 7.9±1.3 Cultured on 

selective media 

Bif, Lact, E. coli GOS formula  and human milk increased faecal Bif and Lact.  No 

effect on faecal E. coli content. 

 Human milk     7.5±1.4   

Bakker-

Zierikzee, 

2005 

GOS/FOS 

mixture in a 

9:1 ratio 

6g/L 16 wk % Bif. from total number 

of bacterial cells /g faeces 

wet wt 

51.8 59.2 FISH Bif spp. No difference between human milk, GOS formula or standard 

formula on faecal Bif content. 

 
 Human milk    ~48    

Fanaro, 

2005 

acidic citrus 

pectin OS  

2 g/L 6 wk log 10 cfu/g faeces wet wt 8.7±0.5 8.6±0.9 Cultured on 

selective media 

Bif, Lact, Bact, Clost, E coli, 

entero, citrobacter, proteus, 

klebsiella, candida 

Acidic oligosaccharides alone had no effect on bacterial content.  

In conjunction with FOS and GOS increased faecal Bif and Lact, 

but had no effect on the other bacteria investigated.  Both 

interventions, FOS/GOS more so, resulted in softer faeces. 

 FOS/GOS and  

acidic citrus 

pectin OS 

8 g/L    9.6±0.9    

Knol, 2005 GOS/FOS 

mixture in a 

9:1 ratio 

8g/L 6 wk % Bif. from total number 

of bacterial cells /g faeces 

wet wt 

49.5 59.6 FISH Bif NDO had no significant effect on the numbers of Bif, but increased 

the percentage of Bif to a similar extent as that seen in breast-fed 

infants. No effect on faecal consistency was observed. 

 Human milk    67.7    

Brunser, 

2006 

FOS 2g/L 7 wk log 10 cfu/g faeces wet wt 9.6±2.3 9.4±1.9 Cultured on 

selective media 

and FISH 

Bif, Lact, Clost, Enterobacteria, 

Enterococci 

NDO had no effect on faecal bacteria investigated, but in breast-

fed infants faecal Lact content was higher and enterobacteria lower 

than control. 

 Human milk     9.5±2.4    

Scholtens, 

2006 

GOS/FOS 

mixture in a 

9:1 ratio 

2.5-4g/d 6 wk cells x 109/g faeces wet wt 7.5 10.6 FISH Bif NDO had no significant effect on the numbers of Bif relative to 

control, but increased the percentage and number of Bif from 

baseline. No effect on faecal consistency. 

Kim, 2007 Chicory inulin 1.5g/d 3 wk log 10 cfu/g faeces wet wt 9.2±0.7 9.9±0.5 Cultured on 

selective media  

Bif, Bact, Lact, total anaerobes Inulin increased faecal Bif and Lact, but no effect on other bacteria 

investigated.  Faecal consistency tended (p=0.058) to be softer in 

the inulin group. 

Waligora-

Dupriet, 

2007 

FOS 2g/d 3 wk log 10 cfu/g faeces wet wt 9.0±0.7 9.5±0.8 Cultured on 

selective media 

Bif, Bact, Clost, Entero, 

enterococci 

NDO tended to increase faecal Bif content (p=0.095), but had no 

effect on the other faecal bacteria investigated. No effect on faecal 

consistency or well-being was observed 

Ben, 2008 GOS  2.4g/L 3 mth log 10 cfu/g faeces wet wt 8.2±1.0 9.0±1.2 Cultured on 

selective media 

Bif, Lact, E. coli GOS increased faecal Bif, Lact compared with control resulting in 

concentrations similar to those observed in breast fed infants.  No 

effect on faecal E coli content. 

 Human milk    9.3±0.9    

I, intervention; C, control; Cfu, colony forming unit; wt, weight, wk, week, d, day; NR, not reported; OS, oligosaccharide; FOS fructo-oligosaccharide; GOS, galacto-oligosaccharide; FISH, fluorescence in situ hybridization; DGGE, denaturing 

gradient gel electrophoresis; Bif, Bifidobacterium spp.; Lact, Lactobacillus spp.; Bact, Bacteroides spp.; Clost, Clostridium spp. Entero, Enterobacteriaceae spp; E. coli, Escherichia coli; * median values; NDO, non-digestable oligosacharides. 
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Non-digestible oligosaccharide and inulin and faecal bacteria trial results - infants and pregnant mothers 
Study Intervention Dose Duration Flora unit of measure Bif  

C 

Bif.  

I 

Microbiological 

method 

Bacteria investigated Results 

Magne, 

2008 

GOS/FOS 9:1 

ratio  

6g/L 2 mth % Bif. from total number 

of bacterial cells /g of wet 

wt 

~19 ~30 FISH Bif, Bact, Entero, Clostridium 

coccoidess gp 

Compared to control, both NDO groups increased the proportion of 

faecal Bif, GOS/FOS/acidic citrus pectin OS, more so than 

GOS/FOS. Both NDO groups decreased the proportion of faecal 

Bact and Clost compared with control. No effect on faecal 

consistency. 

 GOS/FOS 9:1 

ratio and 

acidic citrus 

pectin OS 

8g/L   ~45   

Costalos, 

2008 

GOS/FOS 9:1 

ratio 

4g/L 6 wk % Bif. from total number 

of bacterial cells /g of wet 

wt 

14.9* 39.7* FISH  Bif, Clost, E coli NDO had no significant effect on the faecal content of bacteria 

investigated.  Large inter-individual variation was observed.  NDO 

supplementation resulted in softer faeces 

Scholtens, 

2008 

 

GOS/FOS 9:1 

ratio 

6g/L 26 wk % Bif. from total number 

of bacterial cells /g of wet 

wt 

47.2* 59.8* FISH  Bif, Clostridium 

histolyticum/Clostridium 

lituseburense group, Escherichia 

coli 

Relative to control, NDO increased the faecal content of Bif and 

decreased Clostridium spp content to a similar extent as observed 

in breast fed infants. No effect was observe on  faecal E coli 

content  A subgroup analysis of exclusively formula-fed infants 

showed no difference to the results obtained from the whole group.  Human milk    63.9*   

Fanaro, 

2009 

GOS  5g/L 18 wk log 10 cfu/g faeces wet wt 9.4* 9.9* Cultured on 

selective media 

Bif, Bact, Lact, Clost, Entero, E 

coli 

GOS increased the faecal content of Bif, but had no effect on the 

faecal content of the other faecal bacteria investigated.  GOS 

supplementation produced softer faeces, but had no effect on 

bowel frequency 

Nakamura, 

2009 

GOS/PDX in 

1:1 ratio 

4g/L 4 wk % Bif. from total number 

of bacterial cells /g of wet 

wt 

NR NR Cultured on 

selective media, 

FISH and 

DGGE 

Bif, Bact, Entero, Clostridium 

clusters, 

NDO had no effect on the faecal content of bacteria investigated. 

In a breast fed control group faecal consistency was observed to be 

softer than formula fed groups. 

Pregnancy          

Shadid, 

2007 

GOS/FOS 9:1 

ratio 

9g/d 15 wk % Bif. from total number 

of bacterial cells /g of wet 

wt 

~11* ~15* Quantitative 

real-time PCR 

and FISH 

Bif, Lact NDO increased the percentage of maternal faecal Bif, but had no 

effect on total bacterial counts or percentages of lactobacilli. The 

total numbers of bacteria and the percentages of neonatal faecal Bif 

and lactobacilli on days 5, 20, and 182 after birth, did not differ, 

although the percentage of faecal Bif spp. and lactobacilli spp. 

changed over time in both groups 

I, intervention; C, control; cfu, colony forming unit; wt, weight, wk, week, d, day; NR, not reported; PDX, polydextrose; OS, oligosaccharide; FOS fructo-oligosaccharide; GOS, galacto-oligosaccharide; FISH, fluorescence in situ hybridization; 

DGGE, denaturing gradient gel electrophoresis; Bif, Bifidobacterium spp.; Lact, Lactobacillus spp.; Bact, Bacteroides spp.; Clost, Clostridium spp. Entero, Enterobacteriaceae spp; E. coli, Escherichia coli; * median values; NDO, non-digestable 

oligosacharides. 
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The effect of non-digestible carbohydrates on faecal pH and short chain fatty 

acid content 

 

173. Many of the trials considered in detail in the previous sections also investigated 

whether non-digestible carbohydrates affect faecal pH and short chain fatty acid 

(SCFA) content.  The results from these trials have been compilied in this section.   

 

174. The findings from all relevant trials have been summarised in the tables below.  

Outcome data, expressed as mean with standard deviation (where extractable), unless 

otherwise indicated, have been given for faecal pH and SCFA concentration or 

relative proportions.  It was not possible to synthesise data on faecal SCFA 

concentration, due to the different ways in which the data were expressed, e.g. 

mmol/L; µmol/g or mmol/g faeces wet or dry weight or % change.   

 

175. The results from trials investigating an effect on faecal pH and SCFA of non-

digestible carbohydrates have been compiled for dietary fibres (see Table 42), polyols 

and polydextrose (see Table 43), resistant starches (see Table 44) and non-digestible 

oligosaccharides and inulin in adults (Table 45) and in infants (see Table 46).   

Dietary fibre 

 

176. Sixteen trials reported on the effect of dietary fibre interventions on faecal pH and/or 

SCFA content (see Table 42) (Jenkins et al., 1975; Spiller et al., 1980; Hillman et al., 

1983; Lampe et al., 1992; Cummings et al., 1996; Noakes et al., 1996; Jenkins et al., 

1998; Jenkins et al., 1999a; Grasten et al., 2000; McIntosh et al., 2003; Muir et al., 

2004; Johnson et al., 2006; Grasten et al., 2007; Bird et al., 2008; Carabin et al., 

2009; Carvalho-Wells et al., 2010).  While wheat bran, at sufficient doses, increased 

faecal weight and the total daily faecal SCFA excretion in some trials (Jenkins et al., 

1975; Cummings et al., 1996; Jenkins et al., 1998; Jenkins et al., 1999a), no effect on 

faecal SCFA concentration was observed in other trials ( McIntosh et al., 2003; Muir 

et al., 2004; Bird et al., 2008).  One trial observed wheat bran to increase total SCFA 

and butyrate concentrations compared with a low- fibre bread control (Lampe et al., 

1992), while another observed only finely ground wheat bran to increase faecal 

butyrate concentrations (Jenkins et al., 1999a). 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

177. Several trials were designed to investigate the effect of rye bran on faecal pH and 
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SCFA content.  One reported that a rye diet reduced faecal pH and increased faecal 

butyrate concentration (McIntosh et al., 2003); in another trial increased butyrate 

concentration was only observed in men (Grasten et al., 2000), while a later trial, by 

the same authors, observed no effect of whole grain rye bread on faecal SCFA 

concentration (Grasten et al., 2007).  One trial reported that a novel barley (lacking 

activity of a key enzyme of starch synthesis giving a grain containing less total starch, 

more amylose and higher total dietary fibre) reduced faecal pH and increased butyrate 

concentration (Bird et al., 2008).  Wholegrain corn breakfast cereal consumption was 

observed to have no effect on faecal SCFA content relative to a refined corn 

breaskfast cereal, despite increasing faecal Bifidobacterium spp. content (Carvalho-

Wells et al., 2010). Oat fibre was also observed to have no effect on faecal SCFA 

content in one trial (Noakes et al., 1996) and another observed a mixture of food 

additives (Konjac powder, sodium alginate, and xanthan gum) to have no effect on 

faecal SCFA content (Carabin et al., 2009). 

 

178. A vegetable fibre (mixture of pea fibre, soy polysaccharide, and pectin, added at 

levels of 62, 33, and 5%) was observed to increase total SCFA concentration 

compared with a low- fibre bread control (Lampe et al., 1992), and a legume fibre  

was also observed to increase faecal total SCFA, acetate and butyrate concentration 

(Johnson et al., 2006) 

 

179. In a trial where faecal pH was determined, cellulose, but not pectin, reduced faecal pH 

(Hillman et al., 1983).  A mixture of vegetable fibres, and to a greater extent wheat 

bran, were observed to reduce pH (Lampe et al., 1992).  Legume fibre was observed 

to reduce faecal pH (Johnson et al., 2006).  In one trial a high fibre wheat diet and a 

high fibre rye diet were both observed to reduce faecal pH (McIntosh et al., 2003), but 

in another trial only a diet containing a novel barley, but not wheat bran, reduced 

faecal pH (Bird et al., 2008).  Oat fibre was observed in one trial to reduce faecal pH 

(Noakes et al., 1996). 

Polyols and polydextrose 

 

180. Three trials reported on the effect of polyols (Ballongue et al., 1997; Gostner et al., 

2006; Finney et al., 2007) and two on the effect of polydextrose interventions (Jie et 

al., 2000; Hengst et al., 2008) on faecal pH and SCFA content (see Table 43).  While 

lactitol was observed to decrease faecal pH in two trials (Ballongue et al., 1997; 

Finney et al., 2007), the effect only became apparent at a dose of 10g/day, and while 

one observed a lowering of faecal propionate and an increase in acetate concentration, 

the other appeared to show an increase in faecal propionate concentration.  In one 

trial, no effect of the polyol isomalt on faecal pH or SCFA content was observed 

(Gostner et al., 2006). 

 

181. Faecal pH decreased with increasing polydextrose intake in a dose-response trial (Jie 

et al., 2000), which corresponded to an increase in faecal butyrate and acetate 

concentration.  In another trial no effect of polydextrose on faecal pH or SCFA 

content was observed (Hengst et al., 2008) 

182.  

 

183. One trial supplemented subjects with increasing doses (22.8-45.6 g/day) over six 

weeks of either the polyol maltitol, maltitol and polydextrose or maltitol and RS4 (a 
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modified dextrin) and measured faecal SCFA content (Beards et al., 2010).  The data, 

however, were not analysed in comparison with the control group values, but as an 

increase from baseline values, so it was not possible to draw conclusions.   

 

Resistant starch 

 

184. Ten trials reported on the effect of resistant starches on faecal pH or SCFA content 

(see Table 44) (Phillips et al., 1995; Cummings et al., 1996; Noakes et al., 1996; 

Silvester et al., 1997; Heijnen et al., 1998; Jenkins et al., 1998; Muir et al., 2004; 

Pasman et al., 2006; Fastinger et al., 2008; Stewart et al., 2010).  Three trials 

investigated the effect of modified starches (RS4).  None of the three trials reported an 

effect on faecal pH. While one of the trials reported all faecal SCFA concentrations, 

except butyrate, to be lowered by the RS4 intervention (Fastinger et al., 2008), the 

other two reported no effect (Pasman et al., 2006; Stewart et al., 2010). 

 

185. Five trials reported that retrograded, granular and high amylose resistant starches 

(RS1, RS2 and RS3) increased faecal butyrate concentration or proportion (Phillips et 

al., 1995; Cummings et al., 1996; Noakes et al., 1996; Jenkins et al., 1998; Muir et 

al., 2004), but two other trials, conducting interventions with 30g/day (Heijnen et al., 

1998) and 12g/day (Stewart et al., 2010), reported no effect.  Four trials reported a 

reduction in faecal pH in response to resistant starch administration (Phillips et al., 

1995; Noakes et al., 1996; Silvester et al., 1997; Muir et al., 2004), while two 

reported no effect (Heijnen et al., 1998; Stewart et al., 2010). 

 

186. Overall, resistant starch (RS1, RS2 and RS3) at doses of 20-40g/day generally lowered 

faecal pH and increased either the concentration or proportion of faecal butyrate.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Non-digestible oligosaccharide and inulin 

 

187. Fifteen trials reported on the effect of non-digestible oligosaccharide or inulin on 

faecal pH or SCFA content in adults (see Table 45) (Bouhnik et al., 1996; Alles et al., 
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1999; Bouhnik et al., 1999; van Dokkum et al., 1999; Causey et al., 2000; Tahiri et 

al., 2001; Tuohy et al., 2001b; Swanson et al., 2002; Bouhnik et al., 2004; Bouhnik et 

al., 2006; Scholtens et al., 2006b; Bouhnik et al., 2007b; Kleessen et al., 2007; 

Ramnani et al., 2010; Walton et al., 2010).  The degree of polymerisation of the 

saccharide units in the non-digestible oligosaccharides and inulin has been included in 

Table 45.  Of the nine trials that determined faecal SCFA content none reported an 

effect on total SCFA concentration, but three reported an increase in the concentration 

or proportion of faecal acetate in response to 15g/day chicory inulin or galacto-

oligosaccharide, but not fructo-oligosaccharide (van Dokkum et al., 1999), 20g/day 

chicory inulin (Causey et al., 2000) and 25-30g/day fructo-oligosaccharide (Scholtens 

et al., 2006b); while four observed no effect of non-digestible oligosaccharide (3-

14.4g/day) or inulin (5-15g/day) on individual faecal SCFA content (Alles et al., 

1999; Swanson et al., 2002; Ramnani et al., 2010; Walton et al., 2010).  An effect on 

the concentration or proportion of faecal acetate was observed only in those trials 

employing relatively high doses of non-digestible oligosaccharides or inulin.  There 

was no evidence that the degree of polymerisation affected the capacity of non-

digestible oligosaccharides and inulin in this regard.  None of the trials reported a 

significant effect of non-digestible oligosaccharide or inulin on faecal pH.  

 

188. Nine trials reported on the effect of non-digestible oligosaccharide or inulin on faecal 

pH or SCFA content in infants (see Table 46) (Moro et al., 2002; Ben et al., 2004; 

Bakker-Zierikzee et al., 2005; Fanaro et al., 2005; Knol et al., 2005; Scholtens et al., 

2006a; Kim et al., 2007; Ben et al., 2008; Scholtens et al., 2008).  No trials reported 

the degree of polymerisation of the saccharide units in non-digestible oligosaccharides 

and inulin.  In those trials that determined faecal SCFA content, three trials reported 

an increase in the faecal concentration or proportion of faecal acetate (Ben et al., 

2004; Knol et al., 2005; Ben et al., 2008), but one, in older infants, reported no 

significant effect.  In those trials where a comparison with breast-fed infants was 

reported the interventions produce similar effects on faecal acetate content to those 

observed in the breast-fed infants (Ben et al., 2004; Bakker-Zierikzee et al., 2005; 

Knol et al., 2005; Ben et al., 2008).  All trials, except two (Scholtens et al., 2006a; 

Kim et al 2007), reported that the administration of non-digestible oligosaccharide or 

inulin lowered faecal pH. 
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Table 42.  Dietary fibre and faecal pH and SCFA concentrations  
Study  Interventio

n 

Time Additiona

l  DF 

dose(g/d) 

in I 

Faecal 

pH C 

Faecal 

pH I 

SCFA 

method 

SCFA unit of 

measure  

Total 

SCFA C 

Total 

SCFA I 

Butyrate 

C 

Butyrate 

I  

Propionate 

C 

Propionate 

I 

Acetate  

C 

Acetate 

I 

Results 

Jenkins, 

1975$ 

Wheat bran  3 wk 28    GLC Faecal output 

g/day 

~1.75 ~2.75 NR NR NR NR NR NR No change in faecal SCFA 

concentrations, but increased daily total 

excretion 

Spiller, 

1980 

Cellulose  24 d 14   GLC Faecal output 

g/ 7 days 

2.4±1.4 4.3 ±3.4 0.4±0.2 0.7±0.8 0.5±0.3 0.9±0.7 1.2±0.7 2.1±1.6 Total daily SCFA excreted increased 

more in  cellulose group (14g/d) than in 

pectin group (6g/d).  Pectin  6     3.3±3.7  0.6±0.7  0.6±0.7  1.7±1.9 

Hillman, 

1983 

Cellulose 4 wk 15 6.4±0.3 6.1±0.4           Cellulose, but not pectin, reduced faecal 

pH 

 Pectin  15 6.5±0.6 6.5±0.4           

Lampe, 

1992# 

Wheat bran  3 wk 8.9 7.9 

±0.04 

7.5 

±0.04 

GLC Total SCFA 

mmol/L and 

molar % for 

individual 

SCFA 

58.2 * 99.3 9.3 13.6 23.1 21.8 54.9 54.9 Total SCFA concentrations were lower 

and pH higher on a low- fibre bread 

control than the treatment breads.  

Butyrate concentrations were higher 

with wheat bran than vegetable fibre 

treatments. 

 Wheat bran   27.8   7.2 

±0.04 

  75.5  16.2  22.4  52.2 

 Vegetable 

fibres *** 

 12.2   7.7 

±0.04 

  74.5  10.4  21.6  57.6 

 Vegetable 

fibres*** 

 34.4  7.5 

±0.04 

  90.0  11.7  21.6  60.0 

Cummings

, 1996 

Wheat bran 15d 15.0   GLC mmol/kg 

faeces wet wt 

98.9±23.1 77.1±21.9 15.0±3.2 15.8±3.0 18.8±4.4 18.4±4.2 55.8±5.1 57.1±4.8 Total faecal SCFA concentration was 

lower in the wheat bran group, although 

daily excretion of all SCFA increased 

overall.  No effect on individual SCFAs. 

Noakes, 

1996 

Oat bran 4 wk 14-21 6.4±0.6 6.2±0.5 GLC mmol/L 

faecal water 

  20.1±6.2 23.5±12.9 20.8±3.9 22.0±5.5 59.7±11.7 55.6±5.5 Oat bran reduced faecal pH, but had no 

effect on faecal SCFA content. 

Jenkins, 

1998 

Wheat bran 2 wk 23   HPLC mmol/L 102.8±34.8 107.9±27.4 19.2±11.8 21.3±9.3 14.2±5.9 14.3±5.9 60.7±22.5 64.2±19.1 No effect on faecal SCFA 

concentrations.Because of increased 

fecal weight, the daily output of total 

and individual SCFAs was increased in 

the wheat bran group.  

Jenkins, 

1999 

Wheat bran 

fine particle 

size 

4 wk 19-20   HPLC mmol/L 115.0±32.5 125.1±34.4 16.3±7.3 20.1±9.2 14.7±6.0 15.5±6.0 57.0±21.5 63.8±21.1 Only butyrate concentrations in the fine 

ground wheat bran group increased 

relative to control. (and medium ground 

group). Both interventions increased 

daily excretion of total SCFA.  

 Wheat bran 

medium 

particle size 

 19-20      111.8±25.7  16.3±6.4  13.3±4.6  54.3±16.5 

Gråsten, 

2000 

Rye bread 

men 

4 wk 24.2    GLC mmol/kg 

faeces wet wt 

45.0±4.4 48.2±3.8 7.5±0.7 10.2±1.1 7.2±0.9 7.0±0.1 29.4±3.2 32.0±2.7 No effect on faecal SCFA 

concentrations overall, but in men rye 

bread raised butyrate concentration 

only. 

 Rye bread 

women 

 17.4      39.3±4.4 43.6±2.2 6.1±0.7 7.4±0.6 5.8±0.7 5.8±0.4 26.3±3.1 27.0±1.2 

McIntosh. 

2003 

High-fibre 

wheat diet 

4 wk 13 7.0±0.4 6.8±0.4 GLC µmol/g 

faeces wet wt 

102.0±30.2 104.0±27.5 20.4±9.0 22.6±7.9 18.9±7.9 16.6±4.8 62.9±17.5 65.1±18.0 Both fibre diets reduced faecal pH.  

Compared with control, faecal 

propionate concentration was lower 

with the wheat diet and faecal butyrate 

higher with the rye diet.  

 High-fibre 

rye diet 

 13  6.8±0.3   112.0±38.6  27.8±11.6  18.7±5.8  68.5±20.1 

Muir, 

2004 

Wheat bran 3 wk 7.2  6.4±0.2 6.5±0.2 GLC  mmol/L 96.0** 92.0 15.1 16.0 14.1 13.2 59.0 54.4 Wheat bran had no effect on single or 

total SCFA concentrations or on faecal 

pH.    

Johnson, 

2006 

legume 

fibre   

4 wk 22.2  6.6±0.5 6.3±0.4 GLC µmol/g 

faeces wet wt 

108.6±33.3 128.7±33.9 18.7±8.6 21.6±7.4 17.6±6.8 21.2±11.7 64.7±21.0 78.9±21.6 Legume fibre increased faecal total 

SCFA, acetate and butyrate  

concentrations, and decreased faecal pH 

I, intervention group; C, control group; NR, not reported; SCFA, short chain fatty acid; GLC, gas chromatography; HPLC, high-performance liquid chromatography; wk, week; d, day; wt, weight. * Values least squared means; ** Median values; Vegetable fibre from pea, 

soy and citrus pectin; $ SCFA data from Cummings et al., 1976a; # SCFA datra from Fredstrom et al., 1994 
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Dietary fibre and faecal pH and SCFA  concentrations 
Study  Interventio

n 

Time Additiona

l DF dose 

(g/d) in I 

Faecal 

pH C 

Faecal 

pH I 

SCFA 

method 

SCFA unit of 

measure  

Total 

SCFA C 

Total 

SCFA I 

Butyrate 

C 

Butyrate 

I  

Propionate 

C 

Propionate 

I 

Acetate  

C 

Acetate 

I 

Results 

Gråsten, 

2007 

Whole 

grain rye 

bread  

8 wk 31.5    GLC  µmol/g 

faeces wet wt 

mmol/L 

NR NR 8.1±3.7 12.1±4.6 6.1±1.8 6.2±2.4 34.0±11.8 34.8±10.4 No effect of wholegrain rye bread 

SCFA concentrations. 

Bird, 2008 Wholemeal 

wheat 

4 wk 11.0  7.2±0.6 7.2±0.7 GLC 111.6±44.9 111.1±43.7 20.9±12.8 23.4±12.4 15.1±4.9 15.0±5.4 69.4±30.5 67.7±28.9 Only the novel barley reduced faecal pH 

and increased faecal butyrate 

concentrations.  No other faecal SCFA 

concentrations were affected. 

 Barley, 

novel hull-

less 

 23.2   7.0±0.7   133.0±47.8  29.7±14.4  17.3±7.4  79.5±28.9 

Carabin, 

2009 

Konjac 

powder, 

sodium 

alginate, 

and 

xanthan 

gum 

3 wk 10   NR NR NR NR NR NR NR NR NR NR No effect on faecal SCFA content 

observed – data not reported 

Carvalho-

Wells, 

2010 

Whole-

grain corn 

breakfast 

cereal 

3 wk 14.2   HPLC NR NR NR NR NR NR NR NR NR No effect on faecal SCFA content 

observed – data not reported 

I, intervention group; C, control group; NR, not reported; SCFA, short chain fatty acid; GLC, gas chromatography; HPLC, high-performance liquid chromatography; wk, week; d, day; wt, weight. * Values least squared means; ** Median values 
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Table 43.  Polyols, polydextrose and faecal pH and SCFA content  
Study  Intervention Time Dose 

(g/d) 

Faecal 

pH C 

Faecal 

pH I 

SCFA 

method 

SCFA unit 

of measure  

Total 

SCFA C 

Total 

SCFA I 

Butyrate  

C 

Butyrate  

I  

Propionate 

C 

Propionate 

I 

Acetate  

C 

Acetate  

I 

Results 

                 

Ballongue

, 1997 

lactitol 4 wk 20 6.9±0.2 6.3±0.3 HPLC mmol/L   5.4±0.3 5.1±0.4 13.0±0.6 11.8±0.8 54.8±2.1 60.6±3.2 Lactitol decreased faecal pH, increased 

faecal acetate content, while lowering 

faecal propionate content. 

Gostner, 

2006 

polyol 

isomalt 

3 wk 30 6.6±0.4 6.7±0.4 GLC mg/g 

faeces wet 

wt 

7.8.0±1.6  

7.7±1.6 

      There was no effect on faecal pH or 

SCFA content 

Finney, 

2007 

lactitol 1 wk 5 6.7 6.8 GLC µmol/g 

faeces wet 

wt 

  ~10 ~11 ~10 ~15 ~9 ~9 Faecal pH decreased at the 10g dose 

only.  Faecal SCFA content data were 

only considered as a change from 

baseline and graphically, so it is not 

possible to determine the effect of the 

intervention.. 

   10  6.5      ~15  ~17   

Jie, 2000 polydextrose 4 wk 4 7.0±0.2 6.9±0.2 GLC mg/g 

faeces wet 

wt 

  0.94±0.23 1.10±0.17 1.50±0.24 1.52±0.22 4.12±0.19 4.18±0.26 Faecal pH decreased in all interventions 

and faecal  butyrate and acetate 

concentration increased in 8 & 12 g/d 

groups   polydextrose  8  6.7±0.2      1.31±0.24  1.55±0.36  4.70±0.33 

 polydextrose  12  6.4±0.3      1.41±0.34  1.48±0.35  5.12±0.31  

Hengst, 

2008 

polydextrose 3 wk 8 6.6±0.4 6.5±0.4 GLC µmol/g 

faeces wet 

wt 

  NR 1.6 NR ~10 NR ~38 No effect of polydextrose on faecal 

SCFA or pH. 

Beards, 

2010 

Maltitol 6 wk 22.8-

45.6 

NR NR GLC mmol/L   6.9 *** 13.5 5.8 11.3 17.5 23.3 Data not analysed in comparison to 

control group, but as an increase from 

baseline values. Faecal SCFA 

contcentrations appear to increase in 

response to all interventions compared 

with control values, but this was not 

statistically analysed. 

 Maltitol and 

polydextrose 

 22.8-

45.6 

       18.7  14.1  28.4 

 Maltitol and 

RS4  

 22.8-

45.6 

       12.8  11.5  26.3 

I, intervention group; C, control group; NR, not reported; SCFA, short chain fatty acid; GLC, gas chromatography; HPLC, high-performance liquid chromatography; wk, week; d, day; wt, weight. 

* Values least squared means; ** Median values; *** variance data reported as pooled sem only. 
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Table 44.  Resistant starch and faecal pH and SCFA content  
Study & 

duration 

Intervention Time Dose 

(g/d) 

Faecal 

pH C 

Faecal 

pH I 

SCFA 

method 

SCFA unit of 

measure  

Total 

SCFA C 

Total 

SCFA I 

Butyrate 

C 

Butyrate 

 I  

Propionate 

C 

Propionate 

I 

Acetate  

C 

Acetate  

I 

Results 

                 

Phillips, 

1995 

Mixed RS1, 2 

& 3 

3 wk 33.3  6.9±0.3 6.3±0.3 GLC mmol/L 128±43 154±45 19.0±8.6 26.2±20.6 20.5±7.3 18.0±6.0 79.0±28.2 99.5±31.5 The high RS diet lowered faecal pH and 

increased faecal concentrations of 

butyrate and acetate. The total daily 

excretion of SCFA was increased by RS. 

Cumming

s, 1996 

Potato RS2 15d 26.4   GLC mmol/kg 

faeces wet wt 

98.9±23.1 99.7±21.7 15.0±3.2 18.4±2.9 18.8±4.4 16.0±4.2 55.8±5.1 55.6±4.8 No effect on faecal total SCFA.  Potato-

RS2 increased faecal butyrate 

concentration. Potato- and banana-RS2 

decreased faecal propionate 

concentration.  Molar ratios of 

proprionate to total SCFA were lower 

for RS2 The molar ratio for butyrate was 

higher for potatoe RS2.   

 Banana RS2  29.6      97.5±21.7  16.7±2.9  15.0±4.2  59.4±4.8 

 Wheat RS3  17.1      83.4±21.7  15.2±2.9  20.8±4.0  52.1±4.7 

 Corn RS3  18.7      85.7±21.7  17.0±3.0  17.5±4.2  51.6±4.8 

Heijnen, 

1998 

Corn RS2 1 wk 30 6.7±0.5 6.6±0.5 GLC Total SCFA: 

mmol/kg 

faeces wet 

wt;  

Single SCFA: 

% of total 

SCFA 

106.5±29.1 115.6±31.6 16.5±2.3 17.7+5.5 16.2±3.3 15.1±2.7 59.4±4.2 59.8±6.4 No effect on pH or SCFA content or 

daily total SCFA excretion in faeces. 

 Corn RS3  27.6  6.5±1.0   109.0±33.9  17.6±3.7  15.4±6.0  59.5±7.8 

Jenkins, 

1998 

Corn RS2 or 

RS3 

2 wk 19.2 

or 

25.6 

  HPLC mmol/L 102.8±34.8 108.1±31.8 19.2±11.8 22.7±8.3 14.2±5.9 13.0±5.9 60.7±22.5 63.6±21.6 Both, RS2 and RS3 increased butyrate 

concentrations. No effect on other faecal 

SCFA concentrations. RS increased the 

butyrate to total SCFA ratio and total 

daily SCFA exrection (for pooled RS2 & 

RS3 data).  

Noakes, 

1996 

Corn RS2 4 wk 11-18 6.4±0.6 6.2±0.4 GLC mmol/L 

faecal water 

  20.1±6.2 31.1±11.7 20.8±3.9 23.2±3.8 59.7±11.7 64.9±9.9 RS reduced faecal pH and increased 

butyrate concentration. 

Silvester, 

1997 

Potato RS3 19 d 37 7.2±0.3 6.6±0.3           RS reduced faecal pH 

Muir, 

2004 

Corn RS2 3 wk 19.8  6.5±0.2 6.3±0.4 GLC  mmol/L 92.0  ** 117.0 16.0  27.1 13.2  11.7 54.4  67.6  RS lowered faecal pH and increased 

faecal total SCFA, acetate and butyrate 

concentrations.  RS increased total daily 

faecal SCFA excretion.   

Pasman, 

2006 

Wheat dextrin 

RS4  

4 wk 30 6.5±0.3 6.1±0.4 GLC mmol/L 128.1±30.9 131.3±32.2 NR NR NR NR NR NR No effect of RS4 on faecal SCFA 

concentrations or pH  

 Wheat dextrin 

RS4 

 45  6.1±0.6    134.0±30.4        

Fastinger, 

2008 

Corn RS4  3 wk 7.5 7.0 7.3 GLC mmol/g 

faeces dry wt 

716.2 ** 560.2 106.4 86.8 136.1 99.2 473.7 374.2 RS4 lowered all faecal SCFA 

concentrations, except butyrate.  No 

effect on faecal pH. 

   15  6.7    590.7  99.1  97.3  394.4  

Stewart, 

2010 

Corn RS3 2 wk 12 6.3±0.1 6.4±0.1 GLC Total SCFA: 

mmol/kg 

faeces wet 

wt;  

Single SCFA: 

% of total 

SCFA 

 

144±31  137±40  32.0±5.8  33.3±6.3  25.1±3.6  23.1±3.6  42.8±4.0  43.6±4.9  Corn RS3 decreased propionate ratio. No 

other effects on faecal SCFA ratios or 

faecal pH. 

 Corn dextrin 

RS4 

 12  6.3±0.1   156±40   32.8±6.3   26.3±4.0   40.9±4.5   

 Tapioca 

dextrin RS4 

 12  6.1±0.1   160±58   31.1±6.3   25.0±4.0   43.8±4.0   

 Corn RS4  12  6.4±0.1   162±54   31.4±3.6   25.7±4.5   42.9±4.0   

RS, resistant starch; I, intervention group; C, control group; NR, not reported; SCFA, short chain fatty acid; GLC, gas chromatography; HPLC, high-performance liquid chromatography; wk, week; d, day; wt, weight. 

* Values least squared means; ** Median values 
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Table 45.  Non-digestible oligosaccharide and inulin and faecal pH and SCFA content in adults  
Study  Intervention DP Dose 

(g/d) 

Time Faecal 

pH C 

Faecal 

pH I 

SCFA 

method 

SCFA unit of 

measure  

Total 

SCFA C 

Total 

SCFA I 

Butyrate  

C 

Butyrate  

I  

Propionate 

C 

Propionate 

I 

Acetate  

C 

Acetate  

I 

Results 

Bouhnik, 

1996 

FOS 2-4 12.5 12 d 7.0±0.3 6.8±0.6           No effect on faecal pH 

Alles, 

1999 

GOS 2-6 8.5  3 wk 6.7±0.4 6.7±0.4 GLC mmol/L 110.5±30.4 112.5±27.4 10.5±4.7 12.1±4.2 22.6±7.3 20.6±5.5 70.4±19.6  69.9±18.7 No effect on faecal pH or 

SCFA concentration or daily 

faecal total SCFA excretion.      14.4    6.7±0.4    116.5±30.1  11.9±5.2  23.0±10.4  71.6±16.6 

Bouhnik, 

1999 

FOS 2-4 2.5 1 wk 7.0±2.2 6.4±1.5           No effect on faecal pH 

   5   6.5±1.5           

   10   6.8±1.2           

   20   6.4±1.6           

Van 

Dokkum, 

1999 

Chicory 

inulin 

2-60 15 3 wk 6.8±0.2 6.7±0.5 HPLC mg/ 100g 

faeces dry wt 

  313±177 401±179 671±297 795±300 854±541 1181±355 No effect on faecal pH.  

Faecal acetate concentration, 

but not any other SCFA, were 

higher in the inulin and GOS 

groups 

FOS 2-8 15   6.9±0.2     318±105  707±297  1058±444 

 GOS 2-6 15   6.7±0.5      369±199  679±293  1246±698 

Causey, 

2000 

Chicory 

inulin 

2-60 20 3 wk   GLC mmol/L/g 

faeces wet wt 

5.93±4.32 9.42±12.96 0.91±0.67 1.96±3.29 1.06±0.85 1.38±1.61 3.38±2.66 5.84±7.91 Inulin increased faecal acetate 

concentrations, but had no 

significant effect on other 

SCFA concentrations.   

Tahiri, 

2001 

FOS 2-4 10 5 wk 7.5±0.7 7.4±0.5           No effect on faecal pH 

Tuohy, 

2001 

FOS;  

partially 

hydrolysed 

guar gum 

NR 6.6 

 3.4 

3 wk 7.1 7.1           No effect on faecal pH 

Swanson, 

2002 

FOS NR 3  4 wk 6.7 6.8 GLC µmol/g 

faeces dry  

wt 

433.8 285.2 62.9 40.1 70.1 40.1 300.9 205.0 No significant effect on faecal 

pH or SCFA concentration.   

Bouhnik, 

2004 

FOS, 

Soybean OS, 

GOS,  

chicory 

inulin, 

isomalto OS 

NR 10 1 wk NR NR           No effect of any NDO or 

inulin on faecal pH 

Scholtens, 

2006 

FOS 2-7 25-30 2 wk 6.6±0.5 6.1±0.6 GLC Total SCFA: 

mmol/kg 

faeces wet 

wt;  

Single 

SCFA: % of 

total SCFA  

97.3±22.2 90.6±24.5 20.5±4.0 13.0±4.6 17.5±4.3 14.9±4.6 62.0±6.6 72.0±7.3 The proportion of acetate was 

higher and the proportion of 

butyrate lower in the FOS 

group.  No effect on faecal 

pH. 

Bouhnik, 

2006 

FOS 2-4 2.5 1 wk 6.9±0.3 6.8±0.4           No effect on faecal pH. 

   5   6.5±0.3            

   7.5   6.8±0.4            

   10   7.2±0.7            

Bouhnik, 

2007 

Chicory 

inulin 

2-60 5 4 wk 6.5±0.4 6.4±0.4           No effect on faecal pH.   

DP, degree of polymerisation; I, intervention group; C, control group; NR, not reported; FOS fructo-oligosaccharide; GOS, galacto-oligosaccharide;  OS, oligosaccharide; SCFA, short chain fatty acid; GLC, gas chromatography; HPLC, high-performance liquid 

chromatography; wk, week; d, day; wt, weight.                                                                            * Values least squared means; ** Median values 
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Non-digestible oligosaccharide and inulin and faecal pH and SCFA content in adults 
Study  Intervention DP Dose 

(g/d) 

Time Faecal 

pH C 

Faecal 

pH I 

SCFA 

method 

SCFA unit of 

measure  

Total 

SCFA C 

Total 

SCFA I 

Butyrate  

C 

Butyrate  

I  

Propionate 

C 

Propionate 

I 

Acetate  

C 

Acetate  

I 

Results 

Kleessen, 

2007 

Chicory 

inulin 

24% < 

5; 46% 

5–12; 

30% > 

12 

7.5-15 3 wk   GLC µmol/g 

faeces wet wt 

138.8±39.4 142.4±43.7 NR NR NR NR NR NR No effect on faecal SCFA 

concentration 

 Jerusalem 

artichoke 

inulin 

40% < 

5;  49% 

5–12; 

11% > 

12 

7.5-15       135.2±50.7       

Ramnani, 

2010 

Jerusalem 

artichoke 

inulin 

NR 5 3 wk   GLC % of total 

SCFA 

concentration 

  4.8±8.5 3.2±5.2 14.0±21.2 6.4±8.4 81.1±22.5 89.8±10.9 No effect on faecal SCFA 

concentration 

   5         2.0±4.4  6.4±7.7  91.6±8.9  

Walton, 

2010 

Manno-OS NR 3 

 

5 

3 wk 6.45 6.51 

 

6.23 

GLC mmol/kg   ~9 ~9 

 

~9 

~11 

 

~11 

 

~11 

~30 ~32 

 

~33 

No effect on faecal SCFA 

concentration or pH. 

DP, degree of polymerisation; I, intervention group; C, control group; NR, not reported; FOS fructo-oligosaccharide; GOS, galacto-oligosaccharide;  OS, oligosaccharide; SCFA, short chain fatty acid; GLC, gas chromatography; HPLC, high-performance liquid 

chromatography; wk, week; d, day; wt, weight. 

* Values least squared means; ** Median values 
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Table 46.  Non-digestible oligosaccharide and inulin and faecal pH and SCFA content in infants  
Study  Intervention Dose 

(g/d) 

Time Faecal 

pH C 

Faecal 

pH I 

SCFA 

method 

SCFA unit of 

measure  

Total 

SCFA C 

Total 

SCFA I 

Butyrate  

C 

Butyrate  

I  

Propionate 

C 

Propionate 

I 

Acetate  

C 

Acetate  

I 

Results 

Moro, 

2002 

GOS/FOS 

mixture 

4g/L 4 wk 6.1±0.7 5.4±0.5           No significant effect on faecal pH . 

NDO reduced faecal pH in dose-

dependent manner. 

  8g/L   5.2±0.4            

Ben, 2004 GOS  2.4g/L 6 

mth 

5.8±0.5 5.2±0.3 GLC µmol/L/g 

faeces wet wt 

      12.3±4.6 22.2±4.7 GOS and human milk increased faecal 

acetate and decreased pH at 3 and 6 

months 

 Human milk    5.4±0.3          19.7±5.6  

Bakker-

Zierikzee, 

2005 

GOS/FOS 

mixture in a 

9:1 ratio 

6g/L 16 

wk 

6.6±0.9 5.6±0.9 GLC Total SCFA: 

mmol/kg 

faeces wet 

wt;  

Single 

SCFA: % of 

total SCFA  

68.6±48.5 67.7±43.8 5.6±3.1 2.1±1.5 19.6±9.4 14.3±18.3 69.9±13.5 82.2±19.8 No effect on total SCFA concentration, 

GOS/FOS and human milk  decreased 

the proportion of butyrate, and lowered 

faecal pH  Human milk    5.7±0.9   59.2±28.4  1.6±1.6  6.4±8.7  89.7±11.1 

Fanaro, 

2005 

acidic citrus 

pectin OS  

2 g/L 6 wk 6.3±0.7 6.1±0.9           Only pH change from baseline was 

assessed. GOS/FOS plus acidic OS 

lowered pH more than acidic OS alone  

 FOS/GOS 

and  acidic 

citrus pectin 

OS 

8 g/L   5.2±0.4            

Knol, 

2005 

GOS/FOS 

mixture in 

9:1 ratio 

8 g/L 6 wk 6.3 5.7 GLC % of total 

SCFA 

  4.0 2.4 17.8 12.0 77.2 85.2 NDO, to a lesser extent than human 

milk, increased the proportion of faecal 

acetate and decreased the proportion of 

propionate. NDO reduced faecal pH 

 Human milk    5.8      1.9  6.9  89.9  

Scholtens, 

2006 

GOS/FOS 

mixture in a 

9:1 ratio 

2.5-4g/d 6 wk 6.5±0.8 6.3±1.2 GLC Total SCFA: 

mmol/kg 

faeces wet 

wt;  

Single 

SCFA: % of 

total SCFA  

28.6 ** 27.9** 4.5  3.0 22.8  25.5 61.0 72.2 NDO had no significant effect on faecal 

SCFA or pH 

Kim, 2007 Chicory 

inulin 

1.5g/d 3 wk 6.5±0.5 6.3±0.3           No significant effect on faecal pH 

                 

Ben, 2008 GOS  2.4g/L 3 

mth 

5.6±0.5 5.2±0.3 GLC mmol/g 

faeces wet  

wt 

      19.4±5.4 25.9±6.8 GOS and human milk increased faecal 

acetate concentration and decreased pH  

 Human milk    5.3±0.2          23.8±5.7  

Scholtens, 

2008 

 

GOS/FOS 

9:1 ratio 

6g/L 26 

wk 

6.5 6.2           NDO decreased faecal pH. 

I, intervention group; C, control group; NR, not reported; FOS fructo-oligosaccharide; GOS, galacto-oligosaccharide; SCFA, short chain fatty acid; GLC, gas chromatography; HPLC, high-performance liquid chromatography; wk, week; d, day; wt, weight. 

* Values least squared means; ** Median values 
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The effect of non-digestible carbohydrate on magnesium and calcium 

absorption 

Background 

 

189. Most calcium absorption occurs in the small intestine, but about 5% has been shown 

to occur in the colon (Barger-Lux et al., 1989).  Experimental work shows that short-

chain fatty acids may stimulate calcium (Trinidad et al., 1993; Trinidad et al., 1996; 

Trinidad et al., 1997) and magnesium absorption in the colon (Coudray et al., 2003b), 

suggesting that increased colonic fermentation of carbohydrate may stimulate mineral 

absorption. 

Balance studies 

 

190. Balance studies have been used to measure the input and output of a nutrient, rather 

than actual absorption, and when input and output were equal, it has  been assumed 

that the body was saturated.  It has been known since the 1940s that subjects fed a 

high proportion of whole wheat products go into negative mineral balance, and this 

was ascribed to the phytic acid content of whole wheat (McCance & Widdowson, 

1942b; McCance & Widdowson, 1942a; Widdowson & McCance, 1942).  Phytic acid 

forms complexes with divalent cations, creating insoluble compounds in the intestine 

that are unavailable for absorption.  An inhibitory effect of phytates on the absorption 

of iron (Hallberg et al., 1989), zinc (Fredlund et al., 2006), calcium (Heaney et al., 

1991) and magnesium (Bohn et al., 2004b) has been demonstrated in single meal 

isotope studies.  The oxalic acid content of food may also affect mineral balance, 

which also through the formation of complexes with divalent cations, may affect 

mineral balance (Bohn et al., 2004a). 

 

191. Dietary fibre may have mineral-binding capacities, which may alter mineral 

bioavailability.  In vitro, dietary fibre binds calcium ions in direct proportion to its 

uronic acid content (James et al., 1978).  Microbial digestion in the colon of uronic 

acids, to which calcium is mainly bound, could make the ions available for colonic 

absorption. 

 

192. Fifteen studies were identified that examined the effect of refined dietary fibres on 

calcium or magnesium balance (McCance & Widdowson, 1942a; Ismail-Beigi et al., 

1977; Cummings et al., 1979b; Cummings et al., 1979c; Drews et al., 1979; Slavin & 

Marlett, 1980b; Stasse-Wolthuis et al., 1980; Godara et al., 1981; Behall et al., 1987; 

Behall et al., 1989; Behall, 1990; Wisker et al., 1991; Kawatra et al., 1993; Coudray 

et al., 1997; Behall et al., 2002).  While some earlier studies suggested that cereal 

fibres may produce a negative mineral balance, overall, it appeared that the plant cell-

wall polysaccharides of cereal brans, in amounts customarily eaten, were unlikely to 

exert a significant effect on mineral absorption in man, independently of the effect of 

any phytate present (Andersson et al., 1983).  Studies that have investigated the effect 

of soluble fibres, e.g. pectin and guar gum, have generally observed no effect on 

mineral balance (Cummings et al., 1979c; Drews et al., 1979; Stasse-Wolthuis et al., 

1980; Behall et al., 1987; Behall et al., 1989). 

 

193. Twelve studies were identified that examined the effect of fibre-rich foods on calcium 
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or magnesium balance (Reinhold et al., 1976; Stasse-Wolthuis et al., 1980; Kelsay et 

al., 1981; Van Dokkum et al., 1982; Andersson et al., 1983; Kelsay & Prather, 1983; 

Kelsay et al., 1988; Spencer et al., 1991; Dahl et al., 1995; Knudsen et al., 1996; 

Haack et al., 1998b; Shah et al., 2009).  Overall, these studies demonstrated little or 

no effect on mineral balance. 

 

194. Several studies have suggested that certain non-digestible carbohydrates may increase 

calcium or magnesium balance. The carbohydrates used included a novel resistant 

starch (Vermorel et al., 2004), 100g/day polyol (Coudray et al., 2003a), but not 

30g/day (Gostner et al., 2005), karaya gum (Behall et al., 1987) and inulin or sugar 

beet fibre (Coudray et al., 1997). 

 

195. Overall, the balance studies suggested the effects of non-digestible carbohydrate on 

mineral balance depended largely on the nature of the fibres (soluble/insoluble, the 

degree to which they are fermented in the colon), on the amount ingested, especially 

on the presence of associated components in the diet such as phytates and on the 

homeostasis of concerned minerals (Coudray et al., 2003b). 

 

196. Balance studies, however, do not measure true fractional mineral absorption (Griffin 

& Abrams, 2005).  This is determined by mineral isotope studies, especially dual 

isotope studies where two different isotopes are administered – one orally and one 

intravenously – and absorption is measured from the relative recovery of the oral and 

intravenous isotopes in a urine sample (Griffin & Abrams, 2005).  If the urine 

collection is prolonged then the dual isotope tracer method may also capture any 

colonic component of calcium absorption.  The use of methods such as the 5 hour 

specific activity or urine excretion methods carried out a few hours after 

administration of the test meal would be inadequate for this purpose. 

Trial design  

 

197. Ten articles were identified as eligible (see Appendix 2 for studies excluded). All 

examined the effect of non-digestible oligosaccharide and inulin on calcium or 

magnesium absorption (Van den Heuvel et al., 1998; van den Heuvel et al., 1999; van 

den Heuvel et al., 2000; Tahiri et al., 2001; Griffin et al., 2002; Griffin et al., 2003; 

Tahiri et al., 2003; Abrams et al., 2005; Holloway et al., 2007; van den Heuvel et al., 

2009) 

 

198. The trial design details have been summarised in Table 47.  One trial employed a 

parallel design and the other nine employed cross-over designs, of which only one had 

no washout period.   

  

199. Five trials were in adults (Van den Heuvel et al., 1998; van den Heuvel et al., 2000; 

Tahiri et al., 2001; Tahiri et al., 2003; Holloway et al., 2007), four of which were in 

postmenopausal women, and five were in children and adolescents (van den Heuvel et 

al., 1999; Griffin et al., 2002; Griffin et al., 2003; Abrams et al., 2005; van den 

Heuvel et al., 2009).  All trials employed a non-digestible oligosaccharide or inulin 

intervention. 

 

200. Eight of the trials assessed fractional absorption using dual-isotope techniques, while 

two used a single isotope technique (Tahiri et al., 2001; Tahiri et al., 2003).  One trial 
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measured Mg absorption only (Tahiri et al., 2001), seven measured calcium 

absorption only (Van den Heuvel et al., 1998; van den Heuvel et al., 1999; van den 

Heuvel et al., 2000; Griffin et al., 2002; Griffin et al., 2003; Tahiri et al., 2003; 

Abrams et al., 2005) and two trials measured both magnesium and calcium absorption 

(Holloway et al., 2007; van den Heuvel et al., 2009).  The majority of trials used 

orange juice, usually calcium-fortified, as the carrier for the oral isotope, although two 

used water (Tahiri et al., 2001; Tahiri et al., 2003) and one used a yoghurt drink (van 

den Heuvel et al., 2000). 

 

201. The duration of most interventions was three or four weeks, but ranged from 2 trials at 

nine days to one at 12 months.  The initial sample sizes were generally smaller in the 

adult trials e.g. 12-15 subjects, while three of the trials in children had about 30, 50 

and 55 subjects in each group. 

 

202. Only one trial, which employed a controlled-diet, reported baseline dietary fibre 

intakes (Van den Heuvel et al., 1998). Most trials employed either 3 or 4 day food 

records or weighed intakes to determine whether subjects maintained their habitual 

diet and a constant calcium intake. 

 

203. The funding sources for all trials were either Governmental or Commercial or both; 

all trials reported funding sources. 
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Table 47. Calcium and magnesium absorption trial description 
Study Study 

design 

Isotope 

absorption 

method 

Oral 

isotope 

carrier 

Country Subject characteristics Basal diet Control 

intervention 

Intervention Dose 

(g/d) 

Sample 

size at 

start 

Duration Funding source 

Adults             

Van den 

Heuvel, 

1998 

XO - no 

washout 

44Ca, 48Ca orange 

juice 

Holland Adults aged 20-30y; 12M Controlled no added 

NDO 

Chicory 

inulin, FOS 

or GOS 

15 12 3 wk European Union; 

ORAFTI, Belgium. 

Van den 

Heuvel, 

2000 

XO - 19 d 

washout 

44Ca, 48Ca yogurt 

drink 

Holland Adults aged 55-65y; 12F postmenopausal Ad libitum excluding NDO and 

probiotics 

sucrose GOS 20 12 9 d Borculo Domo 

Ingredients, The 

Netherlands 

Tahiri, 

2001 

XO - 3 wk 

washout 

25Mg water France Adults aged 54-70; 11F postmenopausal Ad libitum excluding NDO for first 23 

d, than controlled low fibre (12g DF/d) 

for last 10-12 d 

sucrose FOS 10 14 5 wk  French Ministry of 

National Education 

and Scientific 

Research and 

Technology 

Tahiri, 

2003 

XO - 3 wk 

washout 

44Ca water France Adultsaged 50-70 (mean  60); 12F 

postmenopausal 

Ad libitum excluding NDO for first 23 

d, than controlled low fibre (12g DF/d) 

for last 10-12 d 

sucrose FOS 10 14 5 wk French Ministry of 

National Education 

and Scientific 

Research and 

Technology 

Holloway, 

2007 

XO - 6 wk 

washout 

42Ca, 46Ca; 
25Mg, 26Mg 

orange 

juice 

USA Adults mean age 72y; 15F postmenopausal  Ad libitum with constant Ca intake maltodextrin Chicory 

inulin, FOS 

1:1 ratio 

10 15 6 wk ORAFTI, Belgium 

Children             

Van den 

Heuvel, 

1999 

XO - 19 d 

washout 

44Ca, 48Ca orange 

juice 

Holland Children aged 14-16y; 12M Ad libitum low fibre excluding NDO 

and probiotics 

sucrose FOS 15 12 9 d European Union; 

ORAFTI, Belgium 

Griffin, 

2002 

XO - 2 wk 

washout 

42Ca, 46Ca orange 

juice 

USA Children aged 11-14y; 30F Ad libitum with 1.2g/d Ca intake sucrose FOS 8 30 3 wk Department of 

Agriculture, USA 

ORAFTI, Belgium             

Griffin, 

2003 

XO - 2 wk 

washout 

42Ca, 46Ca orange 

juice 

USA Children aged 10-15y; 55F  Ad libitum with 1.2g/d Ca intake sucrose Chicory 

inulin, FOS 

1:1 ratio 

8 55 3 wk Department of 

Agriculture, USA 

ORAFTI, Belgium 

Abrams, 

2005 

P 42Ca, 46Ca orange 

juice. 

USA Children aged 9-13y; 50M, 50F Ad libitum with constant Ca intake maltodextrin Chicory 

inulin, FOS 

1:1 ratio 

8 100 12 months National Institutes 

of Health, USA 

Van den 

Heuvel, 

2009 

XO - 12 d 

washout 

44Ca, 48Ca; 
25Mg, 26Mg 

orange 

juice 

Holland Children with Ca intakes less than 1.1g/d, 

aged 12-14y; 14F 

Ad libitum excluding probiotics and 

NDO 

maltodextrin FOS 5-10 14 36 d Cerestar, Belgium 

P, parallel; XO, cross-over; NR, not reported; d, day; y, year; wk ,week, M, male; F, female; FOS fructo-oligosaccharide; GOS, galacto-oligosaccharide; NDO, non-digestible oligosaccharide. 
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Risk of Bias 

 

204. A summary of the risk of bias assessment has been given in Table 48. All trials 

reported being randomised, with blinding of participants and personnel to the 

intervention.  All trials reported on drop-out rates and gave some description of the 

causes. The dropout percentages varied from none to 21%.  Where dropouts were 

reported, it either seems unlikely that missing outcome data were related to the 

intervention, or the missing outcome data were balanced in numbers across 

intervention groups, with similar reasons for missing data across groups.   

 

205. Overall, the quality of study design was good and the risk of bias generally low, 

although no trials reported on the method of randomisation or how intervention 

allocation was concealed. 
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Table 48.  Risk of bias assessment 

Study Date Randomisation Sequence 

generation 

Allocation 

concealment 

Blinding of participants, personnel and outcome 

assessors 

Incomplete outcome data  Dropouts 

(%) 

Adults        

Van den 

Heuvel 

1998 Yes NR NR Participants and personnel blind No missing outcome data 0 

Van den 

Heuvel 

2000 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome  8 

Tahiri  2001 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome  21 

Tahiri  2003 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome  14 

Holloway  2007 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome  7 

        

Children        

Van den 

Heuvel 

1999 Yes NR NR Participants and personnel blind No missing outcome data 0 

Griffin  2002 Yes NR NR Participants and personnel blind No missing outcome data  0 

Griffin  2003 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome  2 

Abrams  2005 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome  8 

Van den 

Heuvel 

2009 Yes NR NR Participants and personnel blind Missing outcome data balanced in numbers across intervention groups 14 

        

NR, not reported. 
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Results 

 

206. The results from all trials have been summarised in Table 49.  Outcome data, 

expressed as mean with standard deviation, have been given for the percentage 

calcium absorbed; however, these appear insufficiently comparable for quantitative 

synthesis.  The degree of polymerisation of the saccharide units in non-digestible 

oligosaccharides and inulin has been included in Table 49. 

 

207. In adults, one of the trials reported that 20g/day galacto-oligosaccharide increased the 

percentage of calcium absorbed. , One trial reported a significant greater change from 

baseline in the intervention group than in the control group, in response to a 10g/day 

inulin-derived 1:1 mixture of fructo-oligosaccharide and fructo-polysaccharide. The 

other two trials reported no effect, in response to supplementation with non-digestible 

oligosaccharide or inulin (10-15g/day).  In children, two trials reported an increase in 

percentage calcium absorption in response to an 8g/day inulin- derived 1:1 mixture of 

fructo-oligosaccharide and fructo-polysaccharide. One trial did report that 15g/day 

fructo-oligosaccharide increased percentage calcium absorption in children, while 

another reported that 5 to 10g/day fructo-oligosaccharide had no effect. 

 

208. One of the trials reported no effect of 15g/day of two different non-digestible 

oligosaccharides ( fructo-oligosaccharide or galacto-oligosaccharide) or high-

molecular-weight inulin, in twelve men, using the dual isotope calcium tracer 

technique (Van den Heuvel et al., 1998).  It was speculated that the 24 hour collection 

period used may have been inadequate to capture any effect of the oligosaccharides 

on colonic calcium absorption.  Subsequent trials by the same authors included a 36-

48 hour urine collection, and while two trials reported that 20g/day galacto-

oligosaccharide and 15g/day fructo-oligosaccharide increased percentage calcium 

absorption (van den Heuvel et al., 1999; van den Heuvel et al., 2000), another 

reported that 5 to 10g/day fructo-oligosaccharide had no effect (van den Heuvel et al., 

2009). The other trials collected 48 hour urine samples.  Two other trials reported that 

8 or 10g/day fructo-oligosaccharide did not affect the percentage of calcium absorbed 

(Griffin et al., 2002; Tahiri et al., 2003).  In trials that employed 36-48 hour urine 

collections, non-digestible oligosaccharides alone only increased the percentage of 

calcium absorbed at doses of 15g/day or more.  When fructo-oligosaccharide and 

fructo-polysaccharide were administered together, lower doses (8-10g/day) were 

generally effective in increasing the percentage of calcium absorbed.  The degree of 

polymerisation, therefore, may be factor, but further trials are required to elucidate 

this aspect.  

  

209. Two trials measured magnesium absorption in response to supplementation with 

10g/day fructo-oligosaccharide alone (Tahiri et al., 2001; van den Heuvel et al., 2009) 

and one trial in response to a 10g/day inulin-derived 1:1 mixture of fructo-

oligosaccharide and fructo-polysaccharide (Holloway et al., 2007).  Two trials 

reported an increase in the percentage magnesium absorbed in response to fructo-

oligosaccharide alone, while the trial measuring the response to the fructo-

oligosaccharide and fructo-polysaccharide mixture reported a significant greater 

change from baseline in the intervention group than in the control group. 

  

210. A study of eight adults, previously shown to increase their calcium absorption from 
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baseline values in response to eight weeks supplementation with 8g/d inulin-type 

fructans, reported that the increased absorption was mainly due (about 70% of the 

increase) to increased absorption occurring seven hours after oral dosing (Abrams et 

al., 2007).  This provided some support for the concept that an increase in fractional 

absorption of calcium could be due to increased colonic absorption stimulated by the 

fermentation of carbohydrate. 
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Table 49. Results of magnesium and calcium absorption trials 
Study Date Intervention Degree of 

polymerisation 

Dose 

(g/d) 

Duration Mineral absorption 

determined 

Control % calcium 

absorbed ± SD 

Intervention % calcium 

absorbed ± SD 

Results 

Adults          

Van den 

Heuvel 

1998 Chicory 

inulin 

2-60 15 3 wk Ca 28.1±14.9 25.8±8.0 NDO and inulin had no effect on % Ca absorption 

  FOS 2-8 15    26.3±6.6  

  GOS 2-6 15    26.3±9.0  

Van den 

Heuvel 

2000 GOS 2-8 20 9 d Ca 20.6±7.0  23.9±6.9  NDO increased % Ca absorption (p=0.04 with one-sided test) 

Tahiri  2001 FOS 2-4 10 5 wk  Mg 30.2±5.0 33.9±7.2 NDO increased the % Mg absorption 

Tahiri  2003 FOS 2-4 10 5 wk Ca 35.6±9.4 36.6±8.5 NDO had no effect on % Ca absorption 

Holloway  2007 Chicory 

inulin, FOS 

1:1 ratio* 

2-65 10 6 wk Ca, Mg 20.8±9.0 27.3±15.7 It was not reported if there was a significant difference between 

interventional and control and the end of the intervention. The 

change in Ca and MG absorption from baseline was sign. greater 

in the intervention than the control group. 

 

          

Children          

Van den 

Heuvel 

1999 FOS 2-8 15 9 d Ca 47.8±16.4 60.1±17.2 NDO increased % Ca absorption (p<0.05, one sided) 

Griffin  2002 FOS 2-8 8 3 wk Ca 31.8±9.3 31.8±10.0 NDO had no effect on % Ca absorption 

          

Griffin  2003 Chicory 

inulin, FOS 

1:1 ratio* 

2-65 8 3 wk Ca 33.1±9.2 36.1±9.8 NDO/inulin increased % Ca absorption 

Abrams  2005 Chicory 

inulin, FOS 

1:1 ratio * 

2-65 8 12 months Ca 31.7±15.6 

 

37.7±14.2 

 

NDO/inulin increased % Ca absorption at 12 months, as well as 

8 weeks after intervention start 

Van den 

Heuvel 

2009 FOS 2-4 5 to 10 36 d Ca, Mg 45.5±17.0 44.8±16.8 NDO increased fractional absorption of Mg, but not Ca, after 36 

days of supplementation. After 8 days of supplementation NDO 

had no effect. 

 

d, day; y, year; wk ,week, FOS fructo-oligosaccharide; GOS, galacto-oligosaccharide; NDO, non-digestible oligosaccharide. * The FOS, inulin mix is a 1:1 mixture of fructo-oligosaccharide with a degree of polymerisation of 3–8 (mean 4), 

produced by means of a partial enzymatic hydrolysis of chicory inulin, and long-chain chicory inulin with a degree of polymerisation of 10–65 (mean 25). 
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Summary  

The effect of carbohydrate on faecal weight and transit time 

 

211. Available evidence was insufficient to conclude whether digestible carbohydrate had 

an effect on bowel habit, although one trial suggested starch and sugar were unlikely 

to affect faecal weight and total intestinal transit time.  Available evidence showed a 

large faecal bulking capacity of wheat fibre, other cereal fibres, diets high in cereal 

and fruit and vegetable fibre, and fruit and vegetable fibres alone.  Purified dietary 

fibres, such as cellulose and psyllium, but not pectin, were also shown to have a 

similar effect. Although inter-individual variation in response measures was large the 

effect on faecal wet weights broadly equated to a 4g increase in faecal wet weight per 

1g dietary fibre. 

 

212. Dietary fibres have been observed to reduce total intestinal transit time, but the effect 

size appears dependent on the basal transit times in the population studied, such that a 

reduction in transit times in response to dietary fibre was most marked in those 

subjects with initially high values and was least marked, if significant, in those 

subjects with initially low values. 

 

213. Available evidence showed resistant starch to have a faecal bulking capacity, but not 

to affect transit times.  It appeared that doses of resistant starch greater than 12g/d 

were required to produce an effect on faecal wet weight – the lowest dose shown to 

increase faecal weight was 17g/day.  Evidence showed there were no differences in 

the faecal bulking capacities of the different types of resistant starch (1, 2 and 3), 

which broadly equated to a 1-2g increase in faecal wet weight per 1g resistant starch. 

 

214. The results from polyol intervention trials generally reported an increase in faecal 

weight, which was in the order of a 0.5-1g increase in faecal wet weight per 1g 

polyol, but these involved high doses of polyol.  Only one trial reported faecal weight 

data in response to polydextrose, showing a faecal bulking capacity in the order of a 

2-3g increase in faecal wet weight per 1g polydextrose.   

 

215. At daily doses of 10g or more, non-digestible oligosaccharides or inulin have been 

shown to have a faecal bulking capacity.  There appeared to be no differences in the 

faecal bulking capacities of the different types of non-digestible oligosaccharide 

(fructo-oligosaccharide or galacto-oligosaccharide) or inulin investigated, which 

broadly equated to a 1-1.5g increase in faecal wet weight per 1g non-digestible 

oligosaccharide or inulin.    

 

 

 

 

 

 

 

 

 

216. The National Diet and Nutrition Survey, 2000/2001 (Henderson et al., 2003), 
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observed the lower and upper 2.5 percentile intakes of non-starch polysaccharide 

intakes in UK adults aged 19-64 years to be five and 24/day for women and six and 

29g/day for men.  An intake increase of 10g/day of non-starch polysaccharide is 

within this range and capable of increasing faecal weight.  Information on resistant 

starch, polyol or non-digestible oligosaccharide and inulin intakes in the UK is not 

available from National Diet and Nutrition Survey or the Total Diet Study, but 

national surveys from other European countries suggest intakes to be less than 

10g/day. It is unlikely that an increase in resistant starch, polyol or non-digestible 

oligosaccharide and inulin intakes within the range of current intakes would be 

sufficient to have an observable effect on faecal weight.  

The effect of carbohydrate on faecal microflora and short chain fatty acid 

content 

 

217. For the dietary fibres and resistant starches investigated there appeared to be little 

impact on faecal bacteria content, although total excretion would increase with 

increased faecal output.  The non-digestible oligosaccharide and inulin interventions 

of 10g/day or more tended to selectively increase faecal content of Bifidobacterium 

spp. in adults, and there was limited evidence to suggest that polydextrose and polyol 

may also selectively increase the faecal content of Bifidobacterium spp.  In infants, 

supplementation of breast milk substitutes and follow-on formulae with non-

digestible oligosaccharide or inulin has been investigated as a means of changing 

infant gut microflora to become more Bifidus dominated, as observed in breastfed 

infants.  Trials in infants aged less than 3 months tended to report that non-digestible 

oligosaccharide or inulin interventions increased the faecal content of Bifidobacterium 

spp., but trials in older infants were less consistent. 

 

218. Overall, available evidence suggested dietary fibres have little impact on faecal short 

chain fatty acid content or pH, although total excretion would increase with increased 

faecal output.  Results from polyol trials were inconclusive. An increase in faecal 

butyrate concentration was observed after supplementation with polydextrose, in one 

trial. 

 

219. Resistant starch at doses of 20-40g/day appeared to lower faecal pH and increase 

faecal concentration or proportion of butyrate, but not at lower doses. 

 

220. There was little evidence to suggest non-digestible oligosaccharide or inulin 

supplementation affected faecal pH or short chain fatty acid content in adults, 

although daily doses of 15g/day or more were observed to increase the faecal 

concentration or proportion of acetate.  In infants supplementation of breast milk 

substitutes and follow-on formulae with non-digestible oligosaccharide or inulin has 

been investigated as a means to change infant faecal pH and short chain fatty acid 

content to be more similar to breastfed infants.  In younger infants the faecal 

concentration or proportion of acetate was observed to increase in response to non-

digestible oligosaccharide, to levels similar to those observed in the breast-fed infants.  

In older infants, non-digestible oligosaccharide supplementation was observed to 

lower faecal pH. 

 

221. At this time, however, there is little conclusive evidence on the relationship between a 

bifidobacteria-dominated microflora, or an increased faecal butyrate concentration, 
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and relevant outcomes on health and well-being in later life.   

The effect of carbohydrate on calcium and magnesium absorption  

  

222. There was only limited evidence examining an effect of digestible carbohydrate on 

calcium and magnesium absorption.  One trial in adults reported no difference in the 

fractional absorption of calcium between those subjects receiving a high carbohydrate 

diet or a low carbohydrate/high fat diet; while one trial in infants reported that lactose 

supplementation of breast-milk substitute increased the fractional absorption of 

calcium, relative to lactose-free formula. 

 

223. Several trials investigated the effect of non-digestible oligosaccharide or inulin on 

calcium and magnesium absorption.  Non-digestible oligosaccharide at doses of 

15g/day or more tended to increase the percentage calcium absorbed, but when fructo-

oligosaccharide and fructo-polysaccharide were administered together, lower doses 

(8-10g/day) were generally effective in increasing the percentage of calcium 

absorbed.  More limited evidence suggested non-digestible oligosaccharides at doses 

of 10g/day were effective in increasing percentage magnesium absorption. There was 

a lack of evidence from trials investigating any possible effects of other carbohydrates 

on calcium and magnesium absorption. 
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Prevention of impaired colo-rectal function 

Chronic constipation 

 

224. Chronic constipation may be secondary to systemic metabolic disorders (e.g. 

hypothyroidism, diabetes mellitus, hypo-/hypercalcemia), neurogenic disorders (e.g. 

autonomic neuropathy, chronic intestinal pseudo-obstruction, Parkinson's disease, 

spinal cord injury), various medications (e.g. anticholinergics, antihypertensives, 

opiates), or structural abnormalities (e.g. mechanical obstruction). In the majority of 

patients of all ages, however, no obvious morphologic or biochemical abnormalities 

can be identified and these patients are considered to have functional constipation 

(Thompson et al., 1999). The term ‘functional’ is used to describe symptoms or 

problems where no underlying pathophysiological cause can be determined, although 

factors such as poor dietary intake, intercurrent illness and underlying serious 

disorders are risk factors. Only trials in patients free of gastrointestinal disease 

associated with demonstrable change in a bodily organ or tissue have been included in 

the report, but inclusion has not been restricted on the basis of the constipation criteria 

used. 
 

225. There is no single definition of constipation and patients’ criteria for constipation 

often differ from their physicians’ (Spiller & Thompson, 2010).  Most patients define 

constipation by one or more symptoms: hard stools, infrequent stools (typically fewer 

than three per week), the need for excessive straining, a sense of incomplete bowel 

evacuation, and excessive time spent on the toilet or in unsuccessful defecation.  

Constipation is more prevalent in women than in men, in non-whites than in white 

persons, in children than in adults, and in older than in younger adults (Lembo & 

Camilleri, 2003). 

 

226. Constipation was traditionally defined as less than three bowel movements per week 

(Connell et al., 1965), but many who fit this definition do not consider themselves 

constipated, while many who do consider themselves constipated also do not fit this 

definition. Subsequent evidence has suggested effort to defecate and stool 

consistency, or form, to be more important (Spiller & Thompson, 2010).  Stool 

consistency or form (assessed using the Bristol Stool Form Scale), but not bowel 

frequency, has been shown to correlate with total intestinal transit time in irritable 

bowel patients (O'Donnell et al., 1990; Heaton & O'Donnell, 1994) and chronically 

constipated patients (Saad et al., 2010); in healthy subjects, however, results are less 

clear (Degen & Phillips, 1996; Lewis & Heaton, 1997c; Saad et al., 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 (Spiller & Thompson, 2010). 

 

 

 

 

 

Functional constipation  
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227. Since 1990, successive Rome working parties have developed a consensus definition 

of functional constipation, as defined by symptom-based diagnostic criteria.  The 

most recent Rome criteria (Rome III) (Drossman, 2006) are applied to patients who 

do not take laxatives and report at least two of the following in any 12-week period 

during the previous 12 months: 

 

 Fewer than three bowel movements per week 

 Hard stool in more than 25% of bowel movements 

 A sense of incomplete evacuation in more than 25% of bowel movements 

 Excessive straining in more than 25% of bowel movements 

 A need for digital manipulation to facilitate evacuation 

 

228. Functional constipation is also defined as constipation-predominant irritable bowel 

syndrome (Longstreth et al., 2006), for which abdominal pain is associated with a 

disturbed bowel habit. 

Background 

 

229. The settings for most of the cohort before-and-after and non-randomised studies 

assessing laxative use as an outcome measure were geriatric wards and nursing 

homes.  The incorporation into the diet of wheat bran (Clark & Scott, 1976; 

McCallum et al., 1978; Battle & Hanna, 1980; Sandman et al., 1983; Valle-Jones, 

1985; Rodrigues-Fisher et al., 1993), prunes (Ferrer & Boyd, 1955) and oatmeal (Hull 

et al., 1980; Hope & Down, 1986; Gibson et al., 1995a; Selig & Boyle, 2003; Gostner 

et al., 2005; Sturtzel & Elmadfa, 2008) or supplementation with a fibre concentrate 

(Khaja et al., 2005), germinated barley (Kanauchi et al., 1998b), guar gum (Patrick et 

al., 1998), inulin (Kleessen et al., 1997), sorbitol (Lederle et al., 1990), partially 

defatted flaxseed (Tarpila et al., 2004) or cellulose (Marks, 1949; Assisi et al., 2000) 

were reported to reduce laxative use and/or improve symptoms.  Most studies (Block, 

1947; Perkin, 1977; Borgia et al., 1983; Pers & Pers, 1983; Bass et al., 1988; 

Chokhavatia et al., 1988; Rouse et al., 1991; Kinnunen et al., 1993; Passmore et al., 

1993a; Passmore et al., 1993b; Dettmar & Sykes, 1998), but not all (Tarpila et al., 

2004; Quah et al., 2006), also reported psyllium supplementation to improve 

symptoms.  A comparison trial reported that a high-fibre diet improved symptoms and 

reduced laxative use, which was more effective when water consumption was also 

increased (Anti et al., 1998).  One cohort before-and-after study reported xylo-

oligosaccharide supplementation to improve constipation symptoms in pregnant 

women (Tateyama et al., 2005) and, in children, the supplementation with mixed non-

digestible carbohydrates (galacto-oligosaccharide, inulin, soy fibre and resistant 

starch) or bran and a high fibre diet was reported to improve constipation symptoms 

(Olness & Tobin, 1982; Kokke et al., 2008).   

 

 

 

 

 

 

230. Other cohort before-and-after studies measured faecal weight and total intestinal 

transit time in response to carbohydrate interventions.  These studies reported an 

increase in faecal weight and/or a decrease in transit time from baseline when patients 
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were supplemented with wheat bran (Cowgill & Sullivan, 1933; Payler et al., 1975; 

Graham et al., 1982; Marcus & Heaton, 1986), corn bran (Graham et al., 1982), 

methylcellulose (Hamilton et al., 1988), psyllium (Srivastava et al., 1976; Marlett et 

al., 1987; McRorie et al., 1998), fructo-oligosaccharide (Chen et al., 2000), isomalto-

oligosaccharide (Chen et al., 2001), glucomannan (Marzio et al., 1989; Chen et al., 

2008), lactitol (Ravelli et al., 1995) and kiwifruit (Chan et al., 2007a).  One of the 

comparison trials in older patients reported wheat bran to be more effective than 

psyllium in decreasing total intestinal transit time (Andersson et al., 1979).  In two 

studies no effect of cellulose (Danjo et al., 2008) or partially hydrolyzed guar gum 

(Takahashi et al., 1994) was observed on faecal weight. In one study, only patients 

without pathological findings, such as rectocele or internal prolapse, showed reduced 

total intestinal transit times in response to psyllium, and slow transit and disordered 

defecation at baseline were associated with a poor response to psyllium (Voderholzer 

et al., 1997).  Of the patients with no evidence of pelvic floor dysfunction or slow-

transit constipation, 85% improved, but 80% of those with slow-transit constipation 

and 63% of those with pelvic floor dysfunction did not improve with the use of 

psyllium. 

 

231. Overall, these studies suggest that in some patients different non-digestible 

carbohydrates may relieve symptoms, reduce laxative use, decrease transit time, and 

increase faecal weight in constipated patients.  Cohort before-and-after studies are 

non-randomised studies that lack an appropriate control and have not, therefore, been 

included in the synthesis below, but have been mentioned as they form the 

background to the trials included. 

Trial design  

 

232. Twenty four articles were identified as eligible, of which one was identified from 

article citation lists (Brown & Everett, 1990) (see Appendix 2 for studies excluded).  

Ten trials investigated cereal fibre and constipation (Sculati & Giampiccoli, 1984; 

Anderson & Whichelow, 1985; Finlay, 1988; Brown & Everett, 1990; Mantle, 1992; 

Badiali et al., 1995; Howard et al., 2000; Rees et al., 2005; Hongisto et al., 2006; 

Holma et al., 2010); four investigated psyllium and constipation (Fenn et al., 1986; 

Ashraf et al., 1995; Cheskin et al., 1995; Ashraf et al., 1997); one investigated 

psyllium and wheat bran and constipation (Corinaldesi et al., 1982); two investigated 

glucomannan and constipation (Staiano et al., 2000; Loening-Baucke et al., 2004); 

one investigated polyol and constipation (Vanderdonckt et al., 1990); three 

investigated mixed dietary fibres and constipation (Rajala et al., 1988; Odes & Madar, 

1991; Sairanen et al., 2007); one investigated cocoa husk and constipation (Castillejo 

et al., 2006); and two investigated non-digestible oligosaccharides and constipation 

(Teuri & Korpela, 1998; Surakka et al., 2009). 

 

 

 

 

 

233. Trials in adults have been divided into hospitalised or institutionalised patients (see 

Table 50), who tended to be older adults, and outpatients with constipation or patients 

with self-reported constipation (see Table 51), who tended to be younger and without 

co-morbidities.  Trials in pregnancy and children have been summarised in Table 52.  
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Many of the trials in hospitalised or institutionalised patients aimed to reduce laxative 

use and/or affect symptoms, while many of the trials in outpatients with constipation, 

or patients with self-reported constipation, did not allow laxative use during the study 

period or discontinued regular laxative use, but allowed laxatives if symptoms require 

medication.  Several trials did not report laxative use. 

 

234. Twenty trials were in adults (Corinaldesi et al., 1982; Sculati & Giampiccoli, 1984; 

Fenn et al., 1986; Finlay, 1988; Rajala et al., 1988; Brown & Everett, 1990; 

Vanderdonckt et al., 1990; Odes & Madar, 1991; Mantle, 1992; Ashraf et al., 1995; 

Badiali et al., 1995; Cheskin et al., 1995; Ashraf et al., 1997; Teuri & Korpela, 1998; 

Howard et al., 2000; Rees et al., 2005; Hongisto et al., 2006; Sairanen et al., 2007; 

Surakka et al., 2009; Holma et al., 2010) and these have been grouped into the 

different carbohydrate interventions.  Three trials were in children (Staiano et al., 

2000; Loening-Baucke et al., 2004; Castillejo et al., 2006) and one was in pregnant 

women (Anderson & Whichelow, 1985).  Sixteen trials employed a parallel design 

while eight employed a cross-over design, of which three had a washout period.  

There was a higher proportion of women in most trials. 

 

235. Three trials assessed water intake, finding no difference between intervention groups 

(Teuri & Korpela, 1998; Sairanen et al., 2007; Holma et al., 2010).  Other trials either 

provided water with the supplement or tried to ensure a minimum intake; thirteen 

trials did not report on water intakes.  The efficacy of increasing water intake in the 

management of constipation, however, has been questioned, as it was shown to have 

no effect in one trial in children (Young et al., 1998). 

 

236. The criteria for chronic constipation varied considerably between trials, from either no 

criteria or healthy subjects self-reporting constipation, to laxative use or Rome 

criteria. Only two trials used the Rome criteria to define constipation (Rees et al., 

2005; Castillejo et al., 2006).  The duration of constipation was reported in only ten 

trials; most gave no details.  The type of constipation was described in only four trials 

in adults as functional (Fenn et al., 1986; Vanderdonckt et al., 1990; Rees et al., 2005; 

Hongisto et al., 2006).  Two trials in children described constipation as functional 

(Loening-Baucke et al., 2004; Castillejo et al., 2006), one of which included children 

with, or without, encopresis (the involuntary loss of formed, semi-formed, or liquid 

stool into the child's underwear in the presence of functional constipation in a child 4 

years of age or more) (Loening-Baucke et al., 2004).   

 

237. Only two trials screened patients for inclusion on the basis of low bowel motion 

frequency (Ashraf et al., 1995; Ashraf et al., 1997). One trial demonstrated 

constipated patients to have slower total intestinal transit times than normal subjects at 

baseline.  Patients had a mean total intestinal transit time of 155.6 hours, whereas in 

normal subjects it was 40.3 hours (Corinaldesi et al., 1982). One trial screened 

patients for inclusion on the basis of a prolonged total intestinal transit time: mean 

basal transit time was 177 hours (Badiali et al., 1995)  

 

238. Most trials reported clinical outcomes, but several also/or reported physiological 

outcomes, e.g. transit times, faecal weight.  Most of the trials in outpatients with 

constipation or adult patients with self-reported constipation investigated 

physiological measures, mainly transit times, but also faecal weight (see Table 51).  

Most of these trials reported that laxatives were prohibited during the trial, but in 
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three trials laxative use was not reported (Sculati & Giampiccoli, 1984; Cheskin et al., 

1995; Hongisto et al., 2006), also in two trial laxatives were allowed if required 

(Sairanen et al., 2007; Surakka et al., 2009).  Two trials in children reported 

physiological measures: one in neurologically impaired children allowed laxative use 

when required (Staiano et al., 2000), while the other prohibited laxative use during the 

trial (Castillejo et al., 2006). 

 

239. Six trials in adults (Anderson & Whichelow, 1985; Brown & Everett, 1990; Rees et 

al., 2005; Hongisto et al., 2006; Sairanen et al., 2007) reported baseline dietary fibre 

intakes (range 10-21g/day) and two in children reported a range of 5-13g/day (Staiano 

et al., 2000; Castillejo et al., 2006).  Many trials did not report the dietary fibre 

content of the intervention and only two trials reported the method used to determine 

dietary fibre content (Rees et al., 2005; Castillejo et al., 2006). 

 

240. The duration of interventions ranged from 2to 13 weeks: eight trials had a duration of 

less than four weeks, and 19 trials had a duration of 4 weeks or more.  The initial 

sample sizes ranged from seven to 201 patients.  None of the trials in hospitalised or 

institutionalised adult patients with constipation reported their funding source.  The 

funding sources for all other trials, where reported, were either Governmental or 

Commercial or both; 50% of trials did not report funding sources. 
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Table 50. Trials in hospitalised or institutionalised adult patients with constipation 
Study Study 

design 

Country Constipation 

criteria 

Water intake Laxative use Subject characteristics Clinical outcomes 

assessed 

Control 

intervention 

Intervention Daily dose 

(g/d) 

Sample 

size at 

start 

Duration Funding source 

 

Cereal fibre              

Finlay, 1988 

 
P England laxative use; 

manual 

evacuations 

attempted to 

ensure adequate 

fluid intake 

Discontinued 

unless 

required 

Hospital geriatric ward 

patients, mean age 80y; 

12 women (100%) 

Bowel frequency and 

laxative use  

no treatment Wheat bran 1.5 gross 12 6 wk NR 

Brown, 1990 P Canada laxative use; Instructed to 

have an intake 

of at least 

1500ml/d 

as required Nursing home patients, 

mean age 83y, 32 

women (78%) 

Bowel frequency and 

laxative use 

no treatment Wheat bran 2 g/d 41 12 wk NR 

Mantle, 1992 P Canada laxative use; NR as required Nursing home patients Bowel frequency, stool 

consistency and laxative 

use 

no treatment Wheat bran 1-3 

tablespoons 

(1.5g/d crude 

fibre) 

50 13 wk NR 

Howard, 2000 P USA BM<3/wk and 

laxative use 

average fluid 

intake of at 

least 1500ml/d 

as required Intermediate care unit 

patients aged 61-80y 

(mean 73y); 0 women 

Bowel frequency and 

laxative use  

no treatment Wheat bran 4-6 

tablespoons 

12 6 wk NR 

Mixed 

carbohydrates 

             

Rajala, 1988 P Finland laxative use and 

BM<1/d 

NR as required Hospital surgery and 

internal medicine 

patients. Study 

completers aged 58-

88y; 22 women (66%) 

Bowel frequency, 

symptoms and laxative 

use  

placebo lactitol, 

wheat bran 

and guar gum 

lactitol ~6g; 

bran ~0.6g; 

gum ~1.1g. 

 

51 2 wk NR 

Polyol              

Vanderdonckt, 

1990 

XO - 4 

wk 

washout 

Belgium when not taking 

laxative, 

BM<3/wk and 

generally hard 

stools 

lactitol 

dissolved in 

250ml water 

Discontinued 

unless 

required 

Hospital patients. Study 

completers aged 63-

101y (mean 84y); 28 

women (67%) 

Bowel frequency, 

symptoms and laxative 

use  

placebo 

(dextronse) 

Lactitol  10-30 46 4 wk NR 

Non-digestible 

oligosaccharide 

             

Teuri, 1998 XO - no 

washout 

Finland BM<3/wk, 

laxative use or 

hard stools 

 Mean 1.28 – 

1.36 l/d 

Discontinued 

unless 

required 

Nursing home patients, 

aged 69-87y (mean 

80y); 14 women 

(100%) 

Bowel frequency, stool 

consistency and 

symptoms  

placebo GOS 9 15 2 wk NR 

P, parallel; XO, cross-over; NR, not reported; d, day; y, year; wk ,week; SCFA, short chain fatty acid; NDO, non-digestible oligosaccharide; GOS, galacto-oligosaccharide; DF, dietary fibre; BM, bowel movement 
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Table 51. Trials in adult outpatients with constipation or patients with self-reported constipation 
Study Study 

design 

Country Constipation criteria Water intake Laxative use Subject characteristics Outcomes assessed Control 

intervention 

Intervention Daily dose 

(g/d) 

Sample 

size at 

start 

Duration Funding source 

Cereal fibre              

Corinaldesi, 

1982 

XO - no 

washout 

Italy BM<3/wk  NR No laxatives 

allowed 

Outpatients, mean age 36y; 11 

women (91%)  

Total intestinal transit 

time 

placebo  Wheat bran 20g gross 12 3 wk NR 

Sculati, 1984 

 
P Italy NR instructed to 

have 800ml/d  

NR Outpatients, aged 21-73y; 33 

women (82%) 

BM, stool consistency 

and painful defecation 

no treatment Wheat fibre 

preparation 

7 gross 

(5.6 DF) 

40 30 d NR 

Badiali, 1995 XO - no 

washout 

Italy BM<3/wk, incomplete 

evacuation, hard stools 

or straining with 

prolonged transit times 

instructed to 

have 1500ml 

water/d  

No laxatives 

allowed 

Outpatients, aged 20-65y 

(mean 37y); 26 women (90%) 

BM and symptoms, total 

intestinal transit time, 

faecal weight 

placebo Wheat bran 20 gross 

(12.5 DF) 

29 4 wk NR 

Rees, 2005 P England Rome I criteria NR No laxatives 

allowed 

Outpatients with constipation 

predominant IBS aged 20-69y; 

24 (86%) women 

BM, and symptoms, total 

intestinal transit time, 

faecal weight 

placebo Wheat bran 10-20 

gross (3.6-

7.3 DF) 

28 8 - 12 wk NR 

Hongisto, 2006 P Finland self-reported reduced 

BM and straining at 

defecation 

NR NR Subjects aged 18-57y (mean 

42y); 29 women (100%) 

BM, stool consistency, 

abdominal pain and 

straining, total intestinal 

transit time 

low-fibre 

bread (6.6g 

fibre/d) 

Rye bread 30 DF 29 3 wk NR 

Holma, 2010 P Finland self-reported 

constipation, BM<5/wk 

Recorded No laxatives 

allowed 

Subjects aged 24–78 y ; ~18 

women (~90%) 

BM, stool consistency, 

abdominal pain and 

straining, total intestinal 

transit time, faecal 

weight, pH and SCFA 

low-fibre 

bread (8.6g 

fibre/d) 

Rye bread 30 DF 20 3 wk Finnish National 

Technology Agency, 

Valio Ltd, Fazer 

Bakeries Ltd. 

Psyllium              

Corinaldesi, 

1982 

XO - no 

washout 

Italy BM<3/wk  NR No laxatives 

allowed 

Outpatients, mean age 36y; 11 

women (91%)  

Total intestinal transit 

time 

placebo Psyllium 14g gross 12 3 wk NR 

Fenn, 1986 

 
P England NR NR No laxatives 

allowed 

Outpatients, aged 17-70y 

(median 49y); 151 women 

(75%) 

BM, stool consistency, 

abdominal pain and 

straining 

placebo Psyllium 3 sachets 

(10.8 DF) 

201 2 wk NR 

Ashraf, 1995 P USA BM<3/wk - confirmed 

by stool diary at 

baseline 

NR No laxatives 

allowed 

Outpatients, aged 40-75y 

(mean 51y); 14 women (64%) 

Bowel frequency, 

consistency, pain and 

straining, c olon transit 

time, faecal weight 

placebo Psyllium 10 gross 22 8 wk Procter & Gamble Co. 

USA 

Cheskin, 1995 XO - no 

washout 

USA BM<3/wk, incomplete 

evacuation, hard stools 

plus excessive straining 

placebo or 

fibre taken 

with 1000ml 

water/d 

NR Outpatients, aged 66-87y, 5 

women (50%) 

BM and stool 

consistency, total 

intestinal transit time, 

faecal weight, colonic 

motility 

placebo Psyllium 24 gross 10 4 wk The John Hartford 

Foundation :and 

Konsyl 

Pharmaceuticals 

Ashraf, 1997 P USA BM<3/wk - confirmed 

by stool diary at 

baseline 

placebo or 

fibre taken 

with 500ml 

water/d 

No laxatives 

allowed 

Patients with Parkinson's 

disease, aged 54-80y (mean 

66y); 3 women (43%) 

Bowel frequency, stool 

consistency, straining, 

pain, colon transit time, 

faecal weight 

placebo Psyllium 10.2 gross 7 8 wk Procter & Gamble Co. 

USA 
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Trials in adult outpatients with constipation or patients with self-reported constipation 
Study Study 

design 

Country Constipation criteria Water intake Laxative use Subject characteristics Outcomes assessed Control 

intervention 

Intervention Daily dose 

(g/d) 

Sample 

size at 

start 

Duration Funding source 

Mixed 

carbohydrate 

             

Odes, 1991 

 
P Israel  

constipation 

(BM<3/wk) requiring 

laxative use for at least 

2 years. 

NR As required Outpatients with constipation 

or constipation predominant-

IBS, aged 19-76y; 22 women 

(69%) 

BM, consistency, 

symptoms and laxative 

use  

placebo Celandin-

aloevera-

psyllium 

(ratio 6:3:1) 

0.5-1.5 

(0.2-0.7 

DF) 

35 4 wk Ronen Nature 

Industries Ltd, Israel 

Sairanen, 2007 XO - 2 

wk 

washout 

Finland self-reported; 

BM<5/wk or  straining 

at defecation 

Recorded Discontinued 

unless 

required 

(BM<1/2d) 

Subjects aged 61-92y (mean 

76y); 32 women (74%) 

BM, stool consistency, 

abdominal pain and 

straining 

placebo 

yoghurt 

GOS (12g/d), 

prune (12g/d) 

and linseed 

(6g/d)  

NR 43 3 wk Valio Ltd, R& D 

Non-digestible 

oligosaccharide 

             

Surakka, 2009 XO - 2 

wk 

washout 

 

Finland 

BM<5/wk and/or 

difficulties in 

defecation 

NR Discontinued 

unless 

required 

Subjects aged 60-80y (mean 

68y); 31 women (76%) 

BM, stool consistency, 

abdominal pain and 

straining, total intestinal 

transit time,  

placebo 

yoghurt 

GOS 10 42 3 wk Finnish National 

Technology Agency 

and Valio Ltd 

P, parallel; XO, cross-over; NR, not reported; d, day; y, year; wk ,week; SCFA, short chain fatty acid; NDO, non-digestible oligosaccharide; GOS, galacto-oligosaccharide; DF, dietary fibre; BM, bowel motions  
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Table 52. Trials in pregnant women and children with constipation 
Study Study 

design 

Country Constipation criteria Water intake Laxative 

use 

Subject characteristics Outcomes assessed Control 

intervention 

Intervention Daily dose 

(g/d) 

Sample 

size at 

start 

Duration Funding 

source 

Pregnancy              

Anderson, 

1985 

P England Changed frequency 

and consistency of 

bowel function for at 

least 1 week.  

NR none  Pregnant women in third trimester 

attending antinatal clinics; mean 

age 28y 

Bowel frequency, stool 

consistency and painful 

defecation 

no treatment Corn bran  20 gross 

(8.3 DF) 

40 2 wk NAPP 

Laboratories 

         Wheat bran 23 gross 

(9.4 DF) 

 2 wk  

Children              

Staiano, 

2000 

P Italy Caretaker report 

constipation of at 

least 12 months 

duration 

~500ml/d (100ml 

water 500mg fibre 

or placebo) 

as 

required 

Neurologically impaired children, 

mean age 5.7y 

Bowel frequency, stool 

consistency, abdominal pain 

and laxative use, total 

intestinal transit time, faecal 

weight 

placebo Glucomanna

n 

200mg/kg 

body wt  

20 12 wk NR 

Loening-

Baucke, 

2004 

XO - no 

washout 

USA 

and 

Italy 

Delay or difficulty 

in defecation for ≥ 6 

months 

50ml/500mg fibre 

or placebo 

as 

required 

Outpatients aged 4-12y (mean 7y); 

15 girls (48%) 

Bowel frequency, stool 

consistency, abdominal pain 

and laxative use 

placebo Glucomanna

n 

100mg/kg 

body wt 

(max. 

5g/d) 

46 4 wk DicoFarm, 

Italy 

Castillejo, 

2006  

P Spain Rome II criteria placebo or fibre 

taken with 400ml 

milk/d 

No 

laxatives 

allowed 

Outpatients aged 3-10 (mean 6y); 

34 girls (61%) 

Bowel frequency, stool 

consistency and abdominal 

pain, colon transit time 

placebo Cocoa husk 

and beta 

fructosans 

(4:1 ratio) 

5.5  (for 3-

6y) or 11 

(for 7-10y) 

56 4 wk Madaus SA, 

Instituto de 

Salud Carlos 

III, Spain 

P, parallel; XO, cross-over; NR, not reported; d, day; y, year; wk ,week; SCFA, short chain fatty acid; NDO, non-digestible oligosaccharide; GOS, galacto-oligosaccharide; DF, dietary fibre
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Risk of bias 

 

241. A summary of the risk of bias assessment has been given for trials in adults in 

hospitalised or institutionalised patients (see Table 53), those in outpatients with 

constipation or patients with self-reported constipation (see Table 55), and trials in 

pregnancy and children (see Table 54).  Only two trials reported on how 

randomisation was achieved and only one clearly reported how allocation was 

concealed (Castillejo et al., 2006).   

 

242. Ten trials were open and all used either wheat bran or psyllium interventions.  

Difficulty in blinding participants and personnel to bran interventions has been noted 

(Anderson & Whichelow, 1985).  There were twelve trials reporting blinding of 

participants and personnel.  Most trials reported on drop-out rates and gave some 

description of the causes, but one trial did not ,and repored only on patients who 

completed the trial (Mantle, 1992).  The dropout percentages varied from none to 

35%.  Ninetrials reported that they had no drop-outs.  In trials that did report drop-

outs, either it seemed unlikely that missing outcome data were related to the 

intervention, or missing outcome data were balanced in numbers across intervention 

groups, with similar reasons for missing data across groups. 

 

243. Overall, the quality of study design was variable, with the highest proportion of trials 

at highest risk of bias being in hospitalised or institutionalised patients; particularly 

for cereal fibre interventions (see Table 53).  The trials in children had the best study 

design and lowest risk of bias. 
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Table 53. Risk of bias assessment of trials in hospitalised or institutionalised adult patients with constipation 
Study Date Randomisation Sequence generation Allocation concealment Blinding of participants, personnel and 

outcome assessors 

Incomplete outcome data  Dropouts 

(%) 

Cereal fibre        

Finlay 1988 Yes NR NR Open No missing outcome data 0 

Brown 1990 Yes NR NR Open Missing outcome data unlikely to be related to outcome 7 

Mantle 1992 Yes NR NR Open Unclear – not discussed 26 

Howard 2000 Yes NR NR Open No missing outcome data 0 

Mixed 

carbohydrates 

       

Rajala 1988 Yes NR NR Participants and personnel blind Missing outcome data similar in numbers across intervention groups 35 

Polyol        

Vanderdonckt 1990 Yes Consecutive patients NR Participants and personnel blind  Missing outcome data unlikely to be related to outcome 9 

Non-digestible 

oligosaccharide 

       

Teuri 1998 Yes Computer generated NR Participants and personnel blind  Missing outcome data unlikely to be related to outcome 7 

NR, not reported; BM, bowel motion  

 

Table 54. Risk of bias assessment of trials in pregnant women and children with constipation 
Study Date Randomisation Sequence generation Allocation concealment Blinding of participants, personnel and 

outcome assessors 

Incomplete outcome data  Dropouts 

(%) 

Pregnancy        

Anderson 1985 Yes NR NR Open No missing outcome data 0 

Children        

Staiano  2000 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome 5 

Loening-

Baucke 

2004 Yes NR Envelope Participants and personnel blind Missing outcome data balanced in numbers across intervention groups 33 

Castillejo  2006 Yes Computer generated Sealed envelope Participants and personnel blind Missing outcome data balanced in numbers across intervention groups 14 

NR, not reported; BM, bowel motion 
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Table 55. Risk of bias assessment of trials in adult outpatients with constipation or patients with self-reported constipation 
Study Date Randomisation Sequence generation Allocation concealment Blinding of participants, personnel and 

outcome assessors 

Incomplete outcome data  Dropouts 

(%) 

Cereal fibre        

Corinaldesi 1982 Yes NR NR Open No missing outcome data 0 

Sculati 1984 Yes NR NR Open One patient dropped out from intervention group due to flatulence 3 

Badiali 1995 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome  17 

Rees 2005 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome 21 

Hongisto 2008 Yes NR NR Open No missing outcome data 0 

Holma 2010 Yes NR NR Open Missing outcome data unlikely to be related to outcome 4 

Psyllium        

Corinaldesi 1982 Yes NR NR Open No missing outcome data 0 

Fenn 1986 Yes NR NR Participants blind only Missing outcome data balanced in numbers across intervention groups 9 

Ashraf 1995 Yes NR NR Participants and personnel blind No missing outcome data 0 

Cheskin 1995 Yes NR NR Participants blind only Missing outcome data unlikely to be related to outcome  30 

Ashraf 1997 Yes NR NR Participants blind only No missing outcome data 0 

Mixed 

carbohydrates 

       

Odes 1991 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome  9 

Sairanen 2007 Yes NR NR Participants and personnel blind No missing outcome data 0 

Non-digestible 

oligosaccharide 

       

Surakka 2009 Yes NR NR Participants and personnel blind Missing outcome data unlikely to be related to outcome  2 

NR, not reported; BM, bowel motion 
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Results  

 

244. Data on subjective measures of bowel habit were insufficiently comparable for 

quantitative synthesis, but findings have been summarised in Table 56 to Table 58.  

Data on objective measures of bowel habit, bowel motions and faecal weight, were 

also insufficiently comparable for quantitative synthesis, but these have been 

summarised in Table 59.  Trials generally reported average values, but not the 

necessary variance data (i.e. standard deviations) to enable synthesis of the data.  The 

mean values for bowel motion frequency, faecal weight and transit time have been 

tabulated. 

Clinical outcomes 

Hospitalised or institutionalised patients 

 

245. The results from trials in hospitalised or institutionalised patients have been 

summarised in Table 56. All trials allowed laxative use during the intervention period. 

Laxative use was the main criterion for constipation in these trials and reduction in 

laxative use was the main outcome measure.  

 

246. Cereal fibre was effective in reducing laxative use in two trials (Brown & Everett, 

1990; Howard et al., 2000) and there was a tendency to reduce laxative use in the 

other two (Finlay, 1988; Mantle, 1992). In other trials of institutionalised patients, 

laxative use was reduced by lactitol (10-20g/d) (Vanderdonckt et al., 1990), but was 

unaffected by non-digestible oligosaccharide supplementation (9g/d) (Teuri & 

Korpela, 1998) or a combination of lactitol, wheat bran and guar gum, although the 

dose was not reported (Rajala et al., 1988).   

 

247. Differences in bowel frequency between intervention groups were less consistent in 

trials of institutionalised patients. None of the trials recruited patients on the basis of 

low bowel motion frequency. Only one of the four trials supplementing with cereal 

fibre alone observed an increase bowel frequency (Brown & Everett, 1990) while 

another reported a higher proportion of patients with 2-7 bowel motions a week of 

soft or firm consistency in response to wheat bran (Mantle, 1992). Lactitol alone 

(Vanderdonckt et al., 1990), and in conjunction with wheat bran and guar gum (Rajala 

et al., 1988) was effective at increasing bowel frequency, as was non-digestible 

oligosaccharide supplementation (Teuri & Korpela, 1998). 

 

248. Overall, these results suggested that cereal fibre and lactitol reduced total laxative use 

in an institutionalised or hospital setting; however, as noted in the risk of bias 

assessment the highest proportion of trials at highest risk of bias were conducted in 

hospitalised or institutionalised patients.  Available evidence consisted of a small 

number of low quality trials. High quality trials are required to determine an effect on 

reducing laxative use before conclusions can be drawn.   

 

 

 

Outpatients with constipation or patients with self-reported constipation 
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249. The results from trials in outpatients with constipation or adults with self-reported 

constipation have been summarised in Table 57.  A reduced bowel frequency was the 

main criterion for constipation in these trials and bowel motion frequency and stool 

consistency or symptoms were the main outcome measures. The constipation criteria 

used for these trials varied considerably, from either no reported criteria, or healthy 

subjects self-reporting constipation, to Rome criteria; equally, the setting for these 

trials varied between gastroenterology outpatient clinics to self-medicated subjects. 

All trials in outpatients with constipation or adults with self-reported constipation 

reported on bowel frequency, but only two trials screened patients for inclusion on the 

basis of low bowel motion frequency (Ashraf et al., 1995; Ashraf et al., 1997).   

 

250. Most trials in adults did not allow laxative use during the intervention, while three 

trials did not report on whether laxative use was allowed (Sculati & Giampiccoli, 

1984; Cheskin et al., 1995; Hongisto et al., 2006). Three trials reported allowing 

laxative use during the intervention (Odes & Madar, 1991; Sairanen et al., 2007; 

Surakka et al., 2009), of which, one reported on any sparing of laxative use during the 

trial: it reported a yoghurt containing non-digestible oligosaccharide (12g/day), prunes 

(12g/day) and linseed (6g/day) to have no effect (Sairanen et al., 2007)., Another trial 

observed that, compared to baseline use, a combination of celandin-aloevera-psyllium 

(0.2-0.7g dietary fibre/day) reduced laxative use in patients with constipation or 

constipation-predominant-irritable bowel syndrome (Odes & Madar, 1991). 

 

251. Four trials investigated the effect of a psyllium intervention (Fenn et al., 1986; Ashraf 

et al., 1995; Cheskin et al., 1995; Ashraf et al., 1997). Two reported increased bowel 

motion frequency in response to supplementation, while in  another trial there was a 

tendency for bowel frequency to be increased with psyllium.  Stool consistency and 

abdominal pain were reported to be improved in one larger trials (Fenn et al., 1986), 

but not the other trials (Ashraf et al., 1995, Cheskin et al., 1995; Ashraf et al., 1997). 

In one of these trials, patients also had Parkinson’s disease (Ashraf et al., 1997), while 

the other trials were all in outpatients. 

 

252. Of the two mixed carbohydrate interventions, non-digestible oligosaccharide, prunes 

and linseed (Sairanen et al., 2007), and celandin-aloevera-psyllium (Odes & Madar, 

1991) only the former reported an increase in bowel frequency; while there was a 

tendency for bowel frequency to be higher with non-digestible oligosaccharide alone 

(Surakka et al., 2009).  Less strain at defecation was reported in response to non-

digestible oligosaccharide, either alone (Surakka et al., 2009) or with prunes and 

linseed (Sairanen et al., 2007). Also with prunes and linseed, a trend towards 

improvement stool consistency was observed.  The subjects in both the trials 

conducting a non-digestible oligosaccharide intervention had milder constipation than 

those in the trial conducting the celandin-aloevera-psyllium intervention. 

 

253. Cereal fibre was used as an intervention in five trials (Sculati & Giampiccoli, 1984; 

Badiali et al., 1995; Rees et al., 2005; Hongisto et al., 2006; Holma et al., 2010). Two 

trials in adults with self-reported constipation reported that rye bread increased bowel 

frequency, improved stool consistency and resulted in less strain at defecation relative 

to low-fibre bread (Hongisto et al., 2006; Holma et al., 2010); one trial in dietetic 

clinic outpatients with constipation observed that wheat fibre preparation increased 

bowel frequency and improved stool consistency, even though it is unclear if this was 
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in relation to baseline or the control group (Sculati & Giampiccoli, 1984).Two other 

trials focused on inpatients with constipation from gastroenterology outpatient clinics 

observed no effect of wheat bran on bowel frequency, strain at defecation or other 

symptoms (Badiali et al., 1995; Rees et al., 2005).   

 

254. Two trials were conducted in patients with constipation-predominant IBS. While one 

observed no effect of wheat bran (10-20g/day for 12 weeks) on bowel frequency or 

symptoms (Rees et al., 2005), the other reported outcomes in relation to baseline only 

(Odes & Madar, 1991).  

 

255. The results from trials in pregnant women and children with constipation have been 

summarised in Table 58. Two of the trials, both in children, allowed laxative use 

(Staiano et al., 2000; Loening-Baucke et al., 2004). Both trials investigated the effect 

of glucomannan on constipation. One, reported results in relation to baseline only  

(Staiano et al., 2000); the other  reported glucomannan to reduce the proportion of 

children with abdominal pain and with less than three bowel motions a week, but had 

no effect on overall bowel frequency, laxative use or stool consistency compared with 

placebo (Loening-Baucke et al., 2004). One other trial in children with constipation, 

as defined by the Rome II criteria, showed cocoa husk (4g/day) and beta fructosans 

(1g/day) to increase the number of children with improved stool consistency, but the 

intervention had no effect on bowel frequency (Castillejo et al., 2006).   

 

256. Only one trial investigated an effect of non-digestible carbohydrates on constipation 

in pregnancy (Anderson & Whichelow, 1985), but it reported results relative to 

baseline only. This trial, conducted in pregnant women in their third trimester, 

observed wheat bran supplementation to increase bowel motion frequency, while 

there was a tendency for corn fibre supplementation to do so also. No significant 

effects on stool consistency and abdominal pain were observed, but there was a 

tendency towards improvement by the fibre intervention. These subjects were defined 

as constipated on the basis of changed frequency and consistency of bowel function. 
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Table 56. Trials in hospitalised or institutionalised adults with constipation - clinical outcomes 
Study Duration Bowel 

motion 

control 

(/wk) 

Bowel 

motion 

intervention 

(/wk) 

Bowel 

motion 

increase#  

Overall 

symptom 

improvement
# 

Laxative 

use 

sparing# 

Improved 

stool 

consistency# 

Less 

abdominal 

pain# 

Less strain 

at 

defecation# 

Results 

Cereal fibre           

Finlay, 1988 6 wk NR NR N N N NR NR NR No difference between wheat bran and control on bowel motions or laxative use, although laxative 

use tended to be lower in the bran group 

Brown, 1990 12 wk 4.1 8.0 Y NR Y NR NR NR Wheat bran reduced the frequenzy of laxative use and increased bowel motion frequency relative to 

untreated controls 

Mantle, 1992 13 wk NR NR Y NR N N NR NR No difference between wheat bran and control on laxative use, although both groups showed a 

decrease, the bran group showed a larger decrease..  The bran group had a higher proportion of 

patients with 2-7 bowel motions/wk of soft or firm consistency than the control group 

Howard, 2000 6 wk 2.67 2.28 N NR NR NR NR NR Bran had no effect on bowel motion frequency, but replaced laxative use and reduced  total bowel 

medication relative to untreated controls 

Mixed 

carbohydrates 

          

Rajala, 1988 2 wk 4.3 5.9 Y N N NR NR NR The lactitol, wheat bran and guar gum yoghurt increased bowel motion frequency with no effect on 

laxative use.  There was a non-signicant change in patient reported relieve from constipation, from 

25% in the control group to 50% in intervention group. 

Polyol           

Vanderdonckt, 

1990 

4 wk ~3.5 ~6.3 Y NR Y Y NR NR Lactitol increased bowel motion frequency, improved stool consistency and reduced laxative use 

compared with placebo 

Non-digestible 

oligosaccharide 

          

Teuri, 1998 2 wk 5.9 7.1 Y N N N N (p=0.07) Galactooligosaccharide increased bowel motion frequency, but had no effect on symptoms or 

laxative use, compared with placebo. There was a tendency for GOS to reduce strain at defecation. 

(p=0.07). 

Y, yes; N, no; NR, comparison to control group not reported; wk, week; d, day; NDO, non-digestible oligosaccharide. # A number of differing outcome measures were reported in the various studies. Refer to 'Results' column for further detail. Comparisons to 

baseline have not been recorded in this column.      
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Table 57. Trials in adult outpatients with constipation or adults with self-reported constipation- clinical outcomes 
Study Duration Bowel 

motion 

control 

(/wk) 

Bowel 

motion 

intervention 

(/wk) 

Bowel 

motion 

increase#  

Overall 

symptom 

improvement# 

Laxative 

use 

sparing# 

Improved 

stool 

consistency# 

Less 

abdominal 

pain# 

Less strain at 

defecation# 

Results  

Cereal fibre           

Sculati, 1984 30 d NR NR (NR/Y) NR NR (NR/Y) NR NR While a significant decrease was reported in the number of patients with constipation (1 

defecation every 3 or more days) and those with hard or semi-hard feces, it is unclear if this 

significant decrease was in relation to baseline or the control group. 

Badiali, 1995 4 wk 5.1 6.4 N N * NR N N Both bran and placebo equally increased bowel frequency from baseline, with no difference 

between groups. All patients were instructed to have daily dietary intake of 15g fibre after 

baseline period, which may explain the placebo response. A carry over effect into the placebo 

period on bowel frequency and transit time was observed for bran. 

Rees, 2005 8 - 12 wk 7.0 8.4 N N * N N N No difference between bran and placebo on bowel frequency. Bran and placebo equally 

improved overall symptoms.  

Hongisto, 2006 3 wk 6.3 9.7 Y N (symptoms 

worsened; 

p<0.001) 

NR Y NR Y Rye bread improved stool consistency and strain at defecation, and increased bowel frequency 

relative to low-fibre bread Rye bread increased gastrointestinal symptom score (abdominal pain 

+ flatulence + bloating + hard or loose stools) through 3-week intervention and especialy during 

initial intervention week. 

Holma, 2010 3 wk 5.5 6.2 Y NR * Y N Y Rye increased bowel motion frequency and more frequently softened stool consistency and 

eased defecation, relative to low-fibre bread. 

Psyllium           

           

Fenn, 1986 2 wk median 9  median 14  Y Y * Y Y Y Psyllium increased bowel motion frequency,  and improved stool consistency compared with 

placebo. Comparing baseline to study end, abdominal pain and straining was reduced in 

significantly more subjects in the psyllium than in the placebo group. Invesitgators rated 

treatment to be effective in significantly more subjects in the psyllium group, than control 

group. In the psyllium group, significantly more subjects rated their constipation to be better, 

than in the control group. 

Ashraf, 1995 8 wk 3.1 3.8  NR NR * NR NR NR Compared to baseline, psyllium increased bowel motion frequency, reduced abdominal pain 

and improved stool consistency.   

Cheskin, 1995 4 wk 5.6 9.1 P<0.1 NR NR N NR NR No difference between psyllium and control on stool consistency, but there was a tendency for 

bowel frequency to be higher on psyllium (p<0.1). 

Ashraf, 1997 8 wk 3.4 5.7 Y NR * N N N Psyllium increased bowel motions compared with placebo.  No effect on symptoms.  

Mixed 

carbohydrates 

          

Odes, 1991 4 wk 4.3 7.9 NR NR NR NR NR NR Compared to baseline, celandin-aloevera-psyllium increased bowel motions, improved stool 

consistency and reduced laxative use, but- no effect on abdominal pain was observed. No 

comparison of intervention group and control group was made. 

Sairanen, 2007 3 wk 7.1 8 Y N N (p<0.06) Y Y The galactooligosaccharide, prune and linseed yoghurt increased bowel frequency, reduced 

abdominal pain and improved ease of defecation relative to placebo yoghurt and there was a 

tendency for the enriched yoghurt to improve stool consistency (p<0.06). No effect on laxative 

use. 

Non-digestible 

oligosaccharide 

          

Surakka, 2009 3 wk 5.9 6.4 (p=0.08) NR NR NR N Y Galactooligosaccharide improved ease of defecation.releative to placebo. There was also a 

tendency for increased bowel motion frequency (p=0.08). There was no effect on abdominal 

pain. The study's between-group comparisons, were based on each group's change from 

baseline to study end. 

Y, yes; N, no; NR, not reported; wk, week; d, day; NDO, non-digestible oligosaccharide; * no laxatives allowed. # A number of differing outcome measures were reported in the various studies. Refer to 'Results' column for further detail. Comparisons to 

baseline have not been recorded in this column.   



 

This document has been prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN or the advice/policy of Public Health England and Health 
Departments.  

138 

Table 58. Trials in pregnant women and children with constipation - clinical outcomes 

Study Duration Bowel 

motion 

control 

(/wk) 

Bowel 

motion 

intervention 

(/wk) 

Bowel 

motion 

increase
#  

Overall 

symptom 

improvement# 

Laxative 

use 

sparing# 

Improved 

stool 

consistency# 

Less 

abdominal 

pain# 

Less strain 

at 

defecation# 

Results 

           

Pregnancy           

Anderson, 

1985 

2 wk NE NE NR NR * NR NR NR Results were reported relative to baseline only. Compared to baseline, wheat bran significantly 

increased bowel motions and there was a tendency for corn bran to do so also. No significant effect 

observed on stool consistency,abdominal pain or straining, but there was a tendency for these to be 

improved by fibre intervention, compared to baseline (no p-values reported). 

Children           

Staiano, 2000 12 wk 2.0 3.8 NR NR NR NR NR  NR Results were reported relative to baseline only. Relative to baseline, glucomannan increased bowel 

frequency, improved stool consistency and reduced pain at defecation and laxative use.  . No 

significant changes were observed within the placebo group 

Loening-

Baucke, 2004 

4 wk 3.8 4.5 N Y N N Y NR Glucomannan reduced the proportion of children with <3 BM/wk and the proportion with abdominal 

pain. Physicians and parents rated children's symptoms and both found a higher proportion of 

children with improved symptoms in the glucomanan group. ,No difference was observed for overall 

bowel frequency, laxative use and stool consistency compared with placebo.  

Castillejo, 

2006  

4 wk 5.1 6.2 N  NR * Y N NR Coca husk increased the number of children with improved stool consistency, but had no effect on 

bowel motion frequency, relative to placeboBowel motion frequency and the number of children 

with hard stool consistency improved from baseline in  both, the placebo and cocoa husk group. 

Y, yes; N, no; NE, data not extractable; wk, week; d, day; NDO, non-digestible oligosaccharide; * no laxatives allowed. # A number of differing outcome measures were reported in the various studies. Refer to 'Results' column for further detail. Comparisons to 

baseline have not been recorded in this column.
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Table 59. Constipation trials - physiological outcomes 
Study Dose (g/d) Faecal 

collection 

period (d) 

Number 

collecting 

faeces 

Faecal wet 

weight 

control 

(g/d) 

Faecal wet 

weight 

intervention 

(g/d) 

Transit time 

control (h) 

Transit time 

intervention 

(h) 

Transit time 

method 

Results 

Adults           

Cereal fibre          

Corinaldesi, 

1982 

20 NR NR NR NR 102.5 66.5 modified 2 

with 51CrCl3 

Bran decreased transit times compared with placebo.   

Badiali, 1995 20 10 17 108 131 134 98 1 Bran reduced transit time relative to placebo. Both, bran and placebo, equally increased bowel frequency and 

faecal weight from baseline, with no difference between groups.  All patients were instructed to have daily 

dietary intake of 15g fibre after baseline period, which may explain the placebo response.  

Rees, 2005 10-20 7 22 125 123 52 63 3 Faecal weight increased from baseline in the bran group, but there were no significant differences with placebo 

group. There was also no significant difference between groups for transit time  

Hongisto, 

2008 

23 DF 5 29 NR NR 86 71 3 There was a tendency for rye bread to decrease transit time 

Holma, 2010 21 DF 5 19 145 159 66 43 3 Rye bread decreased transit time 

Psyllium          

Corinaldesi, 

1982 

14 NR NR NR NR 102.5 73.1 modified 2 

with 51CrCl3 

Psyllium decreased transit times compared with placebo.   

Ashraf, 1995 10 7 22 103 95 ~52 * 54.2 * 4 No effect on colon transit time.Psyllium increased faecal weight compared with baseline 

Cheskin, 1995 24 NR NR 173 175 53.9 30 1 & 4 Psyllium reduced total intestinal transit time, speeding transit in the colon, but not in the rectosigmoid.  No 

difference between psyllium and control on faecal weight, colonic motility or pelvic floor dyssynergia 

Ashraf, 1997 10 7 7 117 188 63* 56* 4 Psyllium increased faecal weight compared to control, but had no effect on  colon transit time. 

Children          

Castillejo , 

2006 

2.8 - 5.6 

Cocoa husk 

and beta 

fructosans 

NR NR NR NR 61.5 * 43.6 * 4 There was a tendency for cocoa husk to reduce colon transit time as compared with placebo.  In a subgroup 

analysis of children with slow basal colon transit time ( >50th percentile; n=12), cocoa husk reduced total and 

right colon transit time.  Coca husk improved stool consistency, but had no effect on bowel frequency, relative 

to placebo, although both bowel frequency and stool consistency improved from baseline in  placebo and 

cocoa husk. 

*, Colon transit time.  For transit measures: 1, (Hinton et al., 1969); 2, (Kirwan & Smith, 1974); 3, (Cummings et al., 1976b); and 4, (Metcalf et al., 1987). DF, dietary fibre; NDO, non-digestible oligosaccharide; min, minutes     



 

This document has been prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily 
represent the final views of SACN or the advice/policy of Public Health England and Health Departments.  

140 

Physiological outcomes 

 

257. Trials investigating physiological outcomes that report laxative use by trial 

participants have been excluded.  Three trials provided no information on patient 

laxative use during the intervention, but these have been included (Sculati & 

Giampiccoli, 1984; Cheskin et al., 1995; Hongisto et al., 2006).  All trials were 

conducted in outpatients with constipation or patients with self-reported constipation.  

All trials were in adults, except one that was conducted in children (Castillejo et al., 

2006), which reported on colon transit time in relation to cocoa husk and beta 

fructosan supplementation. 

 

258. One trial reported constipated patients to have slower total intestinal transit times than 

normal subjects at baseline: patients had a mean total intestinal transit time of 155.6 

hours, which in normal subjects was 40.3 hours (Corinaldesi et al., 1982). One trial 

screened patients for inclusion on the basis of a prolonged total intestinal transit time: 

mean basal transit time was 177 hours (Badiali et al., 1995).  The results from trials in 

healthy subjects showed large inter-individual variation in total intestinal transit times 

(see Table 18) (mean times ranged from 40-100 hours), although this may have 

reflected the different methodologies used to some extent.   

 

259. All the five trials conducting cereal fibre interventions measured total intestinal transit 

time (Corinaldesi et al., 1982; Badiali et al., 1995; Rees et al., 2005; Hongisto et al., 

2006; Holma et al., 2010), with control mean values ranging from 134 to 52 hours.  In 

all trials mean bowel motion frequency was more than five times weekly, although 

one trial did not report bowel frequency (Corinaldesi et al., 1982) (see Table 57).  In 

three of the trials patients were supplemented with wheat bran fibre, and in two of 

these it was observed that 20g/day bran decreased total intestinal transit time relative 

to mean control times of over 100 hours.  In the other trial, in which patients had 

constipation-predominant irritable bowel syndrome, there was a tendency for 10-

20g/day bran to increase total intestinal transit time from 50 to 63 hours.  Two trials, 

by the same authors, reported the outcome of an intervention with rye bread 

(providing an additional 20g/day dietary fibre) and observed a tendency for a decrease 

(Hongisto et al., 2006;  Holma et al., 2010), in total intestinal transit time.  Only three 

trials that conducted a cereal fibre intervention measured wet faecal weight.  None of 

the trials found a significant difference in faecal weight between groups (Holma et al., 

2010; Rees et al., 2005; Badiali et al., 1995). In one trial faecal weight was observed 

to increase from baseline in the bran group, but there were no differences with 

placebo group at trial completion, as baseline weights for the two groups were 

different (Rees et al., 2005).  Another trial (Badiali et al., 1995) reported no effect on 

faecal weight, but this may have been due to all patients being instructed to have daily 

dietary intake of 15g dietary fibre after the baseline period, resulting in both bran and 

placebo equally increasing bowel frequency and faecal weight from baseline. 

 

260. One trial compared wheat bran (20g/d) and psyllium (14g/d) to placebo and reported 

that wheat bran and psyllium produced equivalent decreases in total intestinal transit 

time, with a control mean total intestinal transit time of 102.5 hours (Corinaldesi et 

al., 1982).  Two other trials employing psyllium supplementation measured colon 

transit time (Ashraf et al., 1995; Ashraf et al., 1997), but observed no effect with 

10g/day.  One other trial reported the effect of 24g/day psyllium on both total 
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intestinal transit time and colon transit time (Cheskin et al., 1995): total intestine 

transit time was reduced by supplementation, with a control mean transit time of 53.9 

hours; transit through the colon was observed to be reduced.   

 

261. A trial in children observed a tendency for cocoa husk to reduce colon transit time as 

compared with placebo (Castillejo et al., 2006).  In a subgroup analysis of children 

with slow basal colon transit time (less than 50th percentile; n=12), cocoa husk was 

observed to reduce total and right colon transit time.   

Summary 

 

262. There was a paucity of high quality trials investigating an effect of non-digestible 

carbohydrate on bowel habit and symptoms in constipated subjects, and most 

available evidence consisted of trials of generally low quality. The difficulty of doing 

such trials, both in terms of design and of funding, should be noted.  If correctly 

designed, such trials could go a considerable way to providing a robust evidence base. 

Any conclusions based on available evidence, however, were limited.  

 

263. In outpatients with constipation or patients with self-reported constipation most of the 

cereal fibre intervention trials (12-20g dietary fibre/day) reported an improvement in 

stool consistency and a reduction in total intestinal transit times, but evidence was less 

consistent for of an effect on bowel frequency or faecal weight.  An improvement in 

ease of defecation was only reported in the two trials in patients with mild 

constipation, and not in trials in outpatients with more severe constipation.   

 

264. In hospital outpatients with constipation, higher doses of psyllium (14-20g/day) were 

observed to decrease total intestinal transit time and most trials reported an increase in 

bowel frequency; there was inconsistent evidence of an effect on stool consistency 

and faecal weight.  There was some evidence for an improvement in abdominal pain 

and ease of defecation, with psyllium supplementation. 

 

265. In outpatients with constipation or patients with self-reported constipation, a mixed 

carbohydrate intervention increased bowel frequency, in one of two trials.  An 

improvement in ease of defecation was only reported in the two trials in patients with 

mild constipation in response to a non-digestible oligosaccharide intervention, either 

alone or in combination with prunes and linseed. 

 

266. A small number of trials in children with constipation provided inconsistent evidence 

for an effect of non-digestible carbohydrate on bowel frequency or other symptoms. 

 

267. Overall, in outpatients with constipation or patients with self-reported constipation it 

appears that total intestinal transit time and, to some extent stool consistency, may be 

improved by supplementation with non-digestible carbohydrate, especially in patients 

with slow transit times.  In outpatients with more severe constipation there was little 

evidence of an effect on ease of defecation; however, in patients with self-reported 

milder constipation there was some evidence that non-digestible carbohydrate may 

improve ease of defecation.  Psyllium, in particular, increased bowel frequency, but 

for other non-digestible carbohydrates the evidence was less consistent. 

 

268. In institutionalised patients, or hospital ward patients, with constipation, the available 
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evidence suggested that supplementation with cereal fibre and lactitol reduced total 

laxative use; however, as noted in the risk of bias assessment the highest proportion of 

trials at highest risk of bias were those conducted in hospitalised or institutionalised 

settings.  

 

269. It may be that certain subgroups of patients with constipation were more, or less, 

likely to respond to non-digestible carbohydrate interventions.  Available evidence 

consisted of a small number of variable quality trials, where the diagnostic criteria for 

constipation varied considerably.  High quality trials are required to determine an 

effect of non-digestible carbohydrate on constipation symptoms, laxative use and 

physiological measures, before firm conclusions can be drawn.  Studies are also 

required to determine whether dietary carbohydrate affects the risk of developing 

constipation.  In general, however, non-digestible carbohydrate is likely to be 

beneficial in most patients of all ages with constipation as part of the overall treatment 

strategy. 
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Diarrhoea 

 

270. Diarrhoea results from the small intestine being unable to complete absorption of 

electrolytes and water from luminal contents, or as a consequence of inflammatory 

change in the colon.  This can happen when a non-absorbable, osmotically active 

substance is ingested or an absorbable osmotically active substance is malabsorbed 

(osmotic diarrhoea) or when electrolyte absorption is impaired (secretory diarrhoea).  

Most cases of acute and chronic diarrhoea are due to the latter mechanism.  In 

children most cases are due to osmotic diarrhoea, e.g. rotavirus or transisent 

malabsorption.  Secretory diarrhoea can result from bacterial toxins, reduced 

absorptive surface area caused by disease or resection, luminal secretagogues (such as 

bile acids or laxatives), circulating secretagogues (such as various hormones, drugs, 

and poisons), and medical problems that compromise regulation of intestinal function 

(Schiller, 1999). 

 

271. Diarrhoea that is caused by pathogens can be classified as non-inflammatory or 

inflammatory diarrhoea.  The non-inflammatory diarrhoeas are caused by enterotoxin-

producing organisms such as Vibrio cholerae and enterotoxigenic Escherichia coli, or 

by viruses that adhere to the mucosa and disrupt the absorptive and/or secretory 

processes of the enterocyte without causing acute inflammation or mucosal 

destruction.  Inflammatory diarrhoea is caused by two groups of organisms: 

cytotoxin-producing, non-invasive bacteria (e.g. enteroaggregative Escherichia coli, 

enterohemorrhagic Escherichia coli and Clostridium difficile), or by invasive 

organisms (e.g. Salmonella spp., Shigella spp., Campylobacter spp., Entamoeba 

histolytica).  The cytotoxin-producing organisms adhere to the mucosa, activate 

cytokines and stimulate the intestinal mucosa to release inflammatory mediators.  

Invasive organisms, which can also produce cytotoxins, invade the intestinal mucosa 

to induce an acute inflammatory reaction, involving the activation of cytokines and 

inflammatory mediators (Navaneethan & Giannella, 2008). 

 

272. The loss of fluids through diarrhoea can cause dehydration and electrolyte 

imbalances.  Oral rehydration therapy is the administration of fluid by mouth to 

prevent or correct dehydration and electrolyte imbalance that is a consequence of 

diarrhoea; this refers to a specific solution which contains electrolytes and glucose.   

Diarrhoea criteria 

 

273. Diarrhoea may be defined in terms of stool frequency, consistency, volume or weight. 

Patients’ conceptions of diarrhoea often focus around stool consistency (Wenzl et al., 

1995).  Acute diarrhoea is defined as an abnormally frequent discharge of semi-solid 

or fluid faecal matter from the bowel, lasting less than 14 days.  Causative agents are 

bacteria (e.g. Escherichia coli, Campylobacter, Shigella species, Vibrio cholerae and 

Salmonella), viruses and parasites.  In developing countries, enteric bacteria and 

parasites are more prevalent than viruses.  In developed countries, viruses (e.g. 

rotavirus, human caliciviruses and adenovirus) are the predominant cause of acute 

diarrhoea.  Parasitic agents (e.g. Giardia intestinalis, Cryptosporidium parvum, 

Entamoeba histolytica, and Cyclospora cayetanensis) can be a cause of acute 

diarrhoeal illness in children in developing countries.  In the developed world this 

cause is uncommon and usually restricted to travellers (World Gastroenterology 
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Organisation, 2008). 

 

274. Acute diarrhoea, associated with contaminated food or water, that occurs during or 

shortly after travel is known as traveller's diarrhoea.  Watery stools and abdominal 

pain and cramps are experienced in 80% of cases of traveller's diarrhoea (World 

Health Organization, 2009). 

 

275. Acute diarrhoea can be a consequence of treatment with antibiotics – antibiotic-

associated diarrhoea.  Antibiotics can cause diarrhoea via several mechanisms: 

disruption of the bowel microflora (the most common cause); as a direct effect of the 

antibiotic (independent of its antimicrobial effect), e.g. erythromycin can increase the 

rate of gastric emptying by acting as a motilin receptor agonist; overgrowth of 

Clostridium difficile due to loss of bowel flora (less common); and as an allergic 

response to the antibiotic (rare).   

 

276. Chronic diarrhoea has been defined as the abnormal passage of three or more loose or 

liquid stools per day for more than four weeks and/or a daily stool weight greater than 

200 g/day (in older children and adults).  It can be caused by a bacterial or viral 

infection,  laxatives, dietary factors (e.g. excessive intake of coffee or alcohol), or a 

long-term condition, e.g. colonic neoplasia/inflammation, small bowel inflammation, 

inflammatory bowel disease, small bowel malabsorption (such as Coeliac disease), 

ulcerative colitis, maldigestion due to pancreatic insufficiency; or motility disorder 

(Thomas et al., 2003).    

 

277. Insufficient absorption of osmotically active substances in the gut can cause 

diarrhoea, e.g. lactose or fructose intolerance.  Lactulose and polyols, when ingested 

in sufficient amounts, cause diarrhoea induced by the hyperosmotic retention of fluid 

in the intestine (Livesey, 2001). 

Background 

 

278. Chronic non-specific diarrhoea of infancy, toddler's diarrhoea, is seen in children, 

between about one and four years who were otherwise healthy (Kneepkens & 

Hoekstra, 1996).  This may be due to a high intake of fruit juices and cordials, which 

are rich in fructose and, in addition, contain sorbitol, e.g. pear juice, 2%; apple juice, 

0.5%. Withdrawal of fruit juice from the diet cures the chronic non-specific diarrhoea 

(Hyams & Leichtner, 1985; Kneepkens et al., 1989).   

 

279. In infants and children with and without chronic non-specific diarrhoea a serving of 

apple or pear juice (about 150-250 ml) has been shown to result in colonic 

fermentation of carbohydrate, as assessed by breath hydrogen responses (Kneepkens 

et al., 1989; Smith et al., 1995; Nobigrot et al., 1997), which may lead to recurrence 

of diarrhoea (Lebenthal-Bendor et al., 2001; Ribeiro et al., 2001)  This has been 

shown to be due to the fructose and sorbitol content of the juices (Kneepkens et al., 

1989; Nobigrot et al., 1997) and the efficiency of carbohydrate absorption of one age-

specific serving of juice increases with advancing age of children.  Decreased 

carbohydrate absorption occurs more often after ingestion of juices that contain more 

sorbitol and higher concentrations of fructose over glucose than after ingestion of 

juices which lack sorbitol and contain equal amounts of fructose and glucose 

(Nobigrot et al., 1997).  In healthy infants aged 5 to 9 months, a dose of 10 
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mL/kg/day pear juice for 2 weeks was shown to be well absorbed (Lifschitz, 2000). 

 

280. A cross-over trial in children formerly diagnosed as having chronic non-specific 

diarrhoea reported that consumption of ‘clear’ apple juice caused more carbohydrate 

malabsorption than ‘cloudy’ apple juice and only ‘clear’ apple juice was shown to 

influence stool frequency and consistency compared with the basal period (Hoekstra 

et al., 1995).  The two juices differ in their fibre and non-absorbable monosaccharide 

and oligosaccharide contents. 

 

281. In a trial of children with acute diarrhoea, fed twice-daily 30 ml/kg/day apple or grape 

juice or water, reported that the intake of juices with different fructose/glucose ratios 

and osmolarities resulted in more faecal losses and more prolonged diarrhoea as 

compared with water feedings, but the patients given juice ingested more calories and 

gained more weight, particularly among those being fed the juice with equimolar 

concentrations of fructose and glucose (Valois et al., 2005). 

Trial design  

 

282. Five trials were identified as eligible (Cummings et al., 2001; Duggan et al., 2003; 

Lewis et al., 2005a; Lewis et al., 2005b; Drakoularakou et al., 2010) (see Appendix 2 

for studies excluded). One trial was conducted in infants in a developing country 

(Duggan et al., 2003).  Four trials were conducted in adults in developed countries 

(Cummings et al., 2001; Lewis et al., 2005a; Lewis et al., 2005b; Drakoularakou et 

al., 2010). 

 

283. The trial design details have been summarised in Table 60. The trials have been 

grouped on the basis of whether the study population is in the developing or 

developed countries.  All trials employed a parallel design.   

 

284. All carbohydrate interventions were non-digestible oligosaccharide: fructo-

oligosaccharide or galacto-oligosaccharide.   

 

285. Diarrhoea was commonly defined as 3 or more liquid stools during previous 24 hours.  

One prevention trial was conducted in a developing world population with the main 

outcome measure being the incidence and prevalence of diarrhoea over a duration of 

six months (Duggan et al., 2003).   

 

286. Two trials investigated prevention of acute traveller’s diarrhoea (Cummings et al., 

2001; Drakoularakou et al., 2010), one recurrence of acute Clostridium difficile toxin 

positive diarrhoea (Lewis et al., 2005a) and one investigated the prevalence of 

antibiotic-associated diarrhoea (Lewis et al., 2005b). 

 

287. None of the trials reported baseline dietary fibre intakes. The duration of interventions 

ranged from three weeks to six months.  The initial sample sizes ranged from 142 to 

450 subjects.  The funding sources for all trials, where reported, were either 

Governmental or Commercial; 20% of trials did not report funding sources. 



 

This document has been prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN or the advice/policy of Public Health England and Health 
Departments.  

146 

Table 60. Diarrhoea trial description 
Study Date Study 

design 

Country Type of 

diarrhoea 

Diarrhoea criteria Subject characteristics Clinical outcomes 

assessed 

Physiological 

outcomes 

assessed 

Control 

intervention 

Intervention Dose (g/d) Sample 

size at 

start 

Duration 

(d) 

Funding 

source 

Developing 

countries 

              

Duggan 2003 P Peru acute and 

chronic 

3 or more liquid 

stools during  24 h  

Infants aged 6-12 mth; 

137M, 145F 

Prevalence of 

diarrhoea and 

severe diarrhoea 5 

and incidence of 

chronic diarrhoea 

none cereal w/o 

intervention 

FOS (0.55 g/15 g 

cereal) 

282 6 mth Gerber 

Products 

Company, 

USA 

Developed 

countries 

              

Cummings 2001 P Scotland acute - 

traveller's 

NR Adults mean age 50y; 

131M,113F 

Prevalence of 

diarrhoea - bowel 

habit and 

symptoms 

Well-being placebo FOS 10 363 4 wk Lambert 

Healthcare 

               

Lewis 2005a P England 

and Wales 

acute -  C. 

difficile 

toxin 

positive 

3 or more liquid 

stools during 

previous 24 h  

Adults, mean age 75y; 

59M, 83F 

Recurrence of 

diarrhoea7 after 

cessation, bowel 

habit and 

symptoms 

Faecal 

microflora 

(bacterial 

counts) 

placebo FOS 12 142 30 NR 

Lewis 2005

b 

P England 

and Wales 

antibiotic-

associated 

-  C. 

difficile 

toxin 

positive 

3 or more liquid 

stools during 

previous 24 h  

Adults mean age 77y; 

213M, 222F 

Prevalence of 

diarrhoea - bowel 

habit and 

symptoms 

Faecal 

microflora 

(bacterial 

counts) 

placebo FOS 12 450 14 Welsh Office 

Research and 

Development 

Fund 

Drakoularakou 2010 P England acute - 

traveller's 

3 or more liquid 

stools /day  

Adults mean age 38y; 

91M, 68F 

Prevalence of 

diarrhoea - bowel 

habit and 

symptoms 

Quality of 

life 

placebo GOS 2.6 201 at least 3 

wk  

Clasado Ltd 

P, parallel; XO, cross-over; NR, not reported; d, day; wk ,week; mth, month; y, year; M, male; F, female; w/o, without. 1as defined by the number of hours post-admission until excretion of the last liquid or semiliquid stool not followed by another abnormal 

stool within 24 hours; 2 duration in hours from the time of randomisation to the last watery or loose stool; 3 defined as the period from the start of oral hydration until the first mushy or formed stool; 4 as defined by the number of hours from the first feeding 

until the last liquid or semiliquid stool was passed and no other liquid or semiliquid stool was seen for 24 hour; 5 as defined by > 5 loose or watery stools in 24 h plus ≥ 1 incident of vomiting,  fever, office visit for evaluation, or dehydration; 6 defined as the 

passage of stool of normal consistency over a period of at least 48 hours. Duration of diarrhoea was calculated as the duration in hours from the time of randomisation to the last watery or loose stool within seven days; 7 defined as time from onset of oral 

rehydration therapy until the last unformed stool; 8 as defined by the number of hours time from administration of ORS to first formed stool; 9 time from administration of ORS to the passage of two formed stools or no stool for 12 hours; NDC, non-digestible 

carbohydrates; * soy polysaccharide 25%, alfa-cellulose 9%, gum arabic 19%, fructo-oligosaccharides 18.5 %, inulin 21.5% and resistant starch 7% 
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Risk of bias 

 

288. A summary of the risk of bias assessment has been given in Table 61.  All trials 

reported being randomised.  Three reported how this was done, but only one clearly 

reported how allocation was concealed.  All trials were blinded to both participants 

and personnel. 

 

289. All trials reported on drop-out rates and gave some description of the causes.  The 

dropout percentages varied from three to 33%.  It seemed unlikely that missing 

outcome data were related to the intervention and missing outcome data were 

balanced in numbers across intervention groups, with similar reasons for missing data 

across groups 
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Table 61. Diarrhoea trials risk of bias 
Study Randomisation Sequence generation Allocation concealment Blinding of participants, personnel and outcome 

assessors 

Incomplete outcome data  Dropouts (%) 

Developing 

countries 

      

Duggan, 2003 Yes NR Sealed envelope Participants and personnel blind Missing outcome data balanced in numbers across intervention groups 11 

Developed 

countries 

      

Cummings, 2001 Yes Computer generated NR Participants and personnel blind Missing outcome data unlikely to be related to outcome  33 

Lewis, 2005a Yes Consecutive patients  NR Participants and personnel blind Missing outcome data unlikely to be related to outcome  6 

Lewis, 2005b Yes Computer generated  NR Participants and personnel blind Missing outcome data unlikely to be related to outcome and analysed on ITT 3 

Drakoularakou, 

2010 

Yes NR NR Participants and personnel blind Missing outcome data balanced in numbers across intervention groups 21 

NR, not reported; ITT, intention to treat. 
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Results  

 

290. Data on quantitative aspects of diarrhoea, e.g. duration of diarrhoea and faecal weight, 

were not sufficiently comparable for quantitative synthesis, but findings have been 

summarised in Table 62.  Trials generally reported average or median values, but not 

the necessary variance data to enable synthesis of the data.   

 

291. All diarrhoea prevention trials conducted interventions with non-digestible 

oligosaccharide (see Table 62).  One trial was conducted in a developing country 

population and examined an effect of non-digestible oligosaccharide on the 

prevalence of acute and chronic diarrhoea in infants in a community with a high 

burden of gastrointestinal and other infections over a 6 month period.  No difference 

in the prevalence of diarrhoea or its severity was observed between infants receiving 

cereal supplemented with fructo-oligosaccharide and those receiving non-

supplemented cereal (Duggan et al., 2003).  

 
Table 62. Results of diarrhoea prevention trials 

Study Intervention Trial 

duration  

Control 

percentage 

developing 

diarrhoea  

Intervention 

percentage 

developing 

diarrhoea 

Results 

Developing 

countries 

     

Duggan, 2003 FOS 6 mth NR NR FOS had no effect on the prevalence of diarrhoea or its severity; 

Mean days with diarrhoea was 9.8 ±11.0 in the FOS group and 

10.3± 9.6 in the control group 

Developed 

countries 

     

Cummings, 2001 FOS 4 wk 19.5 11.2 There was a tendency for the FOS group to report less incidence of 

diarrhoea relative to the placebo (p=0.08).  FOS had no effect on 

bowel habit, except an increase in flatulence, but did improve 

reported well-being.   

Lewis, 2005a FOS 30d 34.3 8.3 21% of patients treated for C. difficile-associated diarrhoea 

developed further diarrhoea.  Patients taking FOS were less likely 

to develop further diarrhoea than those taking placebo (6 in FOS 

group compared with 24 in placebo group.  FOS also increased 

faecal Bifidobacteria concentrations.  No effect on bowel frequency 

or abdominal symptoms was observed. 

Lewis, 2005b FOS 14d 9.5 8.8 Of 435 patients prescribed a broad-spectrum antibiotic 40 (9%) 

developed C. difficile toxin-positive diarrhoea, but the incidence 

was unaffected by FOS supplementation.  FOS increased faecal 

Bifidobacteria concentrations. 

Drakoularakou, 

2010 

GOS 3 wk or 

more 

38.5 23.5 The GOS group reported lower incidence and duration of diarrhoea 

relative to the placebo. For those subjects in the GOS group that  

experience diarrhoea, the duration of abdominal pain was lower, 

and the quality of life higher, than in the placebo group. The GOS 

group had fewer bowel motions than the placebo group, but other 

bowel habits and quality of life were not different between groups.   

FOS ,fructo- oligosaccharide; GOS, galacto-oligosaccharide; mth, month; wk, week; d, day. 

  

292. The four trials in developed county populations were all in adults.  Two investigated 

the effect of non-digestible oligosaccharide on the prevalence of traveller’s diarrhoea: 

one using fructo-oligosaccharide (Cummings et al., 2001) and the other using galacto-

oligosaccharide (Drakoularakou et al., 2010).  In the trial conducting the fructo-

oligosaccharide intervention, subjects received either intervention or placebo for two 

weeks prior to and during two weeks holiday in a high risk destination for diarrhoea.  

There was a tendency for the oligosaccharide group to report less incidence of 

diarrhoea relative to the placebo.  There was no effect on bowel habit, except an 

increase in flatulence, but subjects reported improved well-being in the intervention 

group compared with placebo (Cummings et al., 2001). In the trial conducting the 

galacto-oligosaccharide intervention, subjects received either intervention or placebo 

for one week prior to and during at least two weeks holiday in a high risk destination 
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for diarrhoea (Drakoularakou et al., 2010).  There was a lower incidence and duration 

of diarrhoea, as well as lower bowel motion frequency, in those subjects who received 

non-digestible oligosaccharide relative to the placebo.  In this trial overall quality of 

life, as determined by a scoring system, was not different between groups, but in those 

subjects developing diarrhoea, quality of life  was higher and the duration of 

abdominal pain lower in those receiving non-digestible oligosaccharide relative to the 

placebo. 

 

293. One trial investigating recurrence of C. difficile-associated diarrhoea reported that 

patients receiving non-digestible oligosaccharide were less likely to develop further 

diarrhoea than those taking placebo (Lewis et al., 2005a).  Fructo-oligosaccharide 

supplementation also increased faecal Bifidobacterium spp. concentration, but had no 

effect on bowel frequency or abdominal symptoms.  In another trial by the same 

authors (Lewis et al., 2005b), however, in 435 patients prescribed a broad-spectrum 

antibiotic, where 40 (9%) developed C. difficile toxin-positive diarrhoea, the 

incidence was unaffected by fructo-oligosaccharide supplementation, although fructo-

oligosaccharide increased faecal Bifidobacterium spp concentrations relative to 

placebo. 

Summary 

 

294. All diarrhoea prevention trials supplemented subjects with non-digestible 

oligosaccharides.  There was little evidence for an effect on acute and chronic 

diarrhoea in infants in developing country populations or antibiotic-associated 

diarrhoea in adults from developed country populations.  Two trials investigated an 

effect on the incidence of traveller’s diarrhoea suggesting a possible protective effect, 

but further trials are required to confirm this. 
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Irritable bowel syndrome 

 

295. No prevention trials were identified as eligible (see Appendix 2 for excluded articles) 

Diverticular disease 

 

296. No prevention trials were identified as eligible (see Appendix 2 for excluded articles) 

Well-being 

 

297. Four trials were identified as eligible; all were considered in detail in other report 

sections (see Appendix 2 for excluded articles). 

 

298. One trial, (Waligora-Dupriet et al., 2007) observed no effect of fructo-oligosaccharide 

supplementation of healthy children on parent- or care-giver-reported child well-

being. 

 

299. Within the clinical outcomes considered above, three trials reported on patient well-

being.  These trials were reported in detail in the previous sections.  One trial 

investigating the effect of fructo-oligosaccharide on prevalence of traveller’s 

diarrhoea reported subject-reported well-being to be higher in the intervention group 

relative to placebo (Cummings et al., 2001).  Two trials in patients with irritable 

bowel syndrome reported well-being to be improved in response to psyllium 

supplementation relative to control (Prior & Whorwell, 1987; Jalihal & Kurian, 1990). 
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Carbohydrate and colo-rectal cancer  
  

300. This section considers evidence from prospective cohort studies investigating risk of 

colo-rectal cancer and randomised controlled trials investigating risk of colo-rectal 

adenoma in relation to carbohydrate interventions. 

Prospective cohort studies 

Dietary fibre intake and risk of colo-rectal cancer 

301. Several studies have shown that multivariate adjustment attenuated observed inverse 

associations between dietary fibre and colo-rectal cancer incidence observed with age-

adjusted and limited covariate adjusted models (Bingham et al., 2005; Michels et al., 

2005; Park et al., 2005; Nomura et al., 2007; Schatzkin et al., 2007).  This suggested 

confounding by other dietary and lifestyle factors of the relationship between dietary 

fibre intake and colo-rectal cancer.  To address this, inclusion was limited to those 

prospective cohort studies that adjusted for, or investigated the effect of, the major 

risk factors for colo-rectal cancer: age, alcohol intake, smoking, physical activity and 

overweight/obesity. 

 

302. Fourteen studies were identified as eligible (Pietinen et al., 1999; Mai et al., 2003; 

McCullough et al., 2003; Bingham et al., 2005; Larsson et al., 2005; Lin et al., 2005; 

Michels et al., 2005; Park et al., 2005; Otani et al., 2006b; Shin et al., 2006; Nomura 

et al., 2007; Schatzkin et al., 2007; Wakai et al., 2007; Butler et al., 2008) (see 

Appendix 2 for studies excluded). 

 

303. Several of the studies included did not adjust for all the identified confounders 

(alcohol intake, smoking, physical activity, age and overweight/obesity) in their 

multivariant analyses (see Table 64); however, these studies did investigate the 

influence of any missing identified confounder on effect estimates and reported them 

not to change the estimates produced (Mai et al., 2003; McCullough et al., 2003; 

Larsson et al., 2005; Shin et al., 2006; Schatzkin et al., 2007). 

 

304. A pooled analysis of 13 prospective cohort studies (Park et al., 2005) included the 

following cohorts: the New York University Women's Health Study (Kato et al., 

1997); the Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study (Pietinen et al., 

1999); Swedish mammography screening cohort study (Terry et al., 2001; Larsson et 

al., 2005); Breast Cancer Detection Demonstration Project follow-up cohort (Mai et 

al., 2003) Cancer Prevention Study II Nutrition Cohort (McCullough et al., 2003); the 

Women's Health Study (Lin et al., 2005) the Nurses’ Health Study and the Health 

Professionals Follow-Up Study (Michels et al., 2005); the Iowa Women's Health 

Study (McCarl et al., 2006).  Four other cohorts were included in this analysis that 

had not previously reported the minimum information necessary to estimate the 

relative risk associated with the endpoint and a corresponding measure of uncertainty 

(van den Brandt et al., 1990; Bandera et al., 1997; Sieri et al., 2002; Terry et al., 

2002).  The pooled analysis adjusted for alcohol intake, smoking, physical activity, 

age and overweight/obesity and included several studies that when originally 

published had not included all these confounders and were, therefore, ineligible for 

inclusion here (Kato et al., 1997; Terry et al., 2001; McCarl et al., 2006). 
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Study design 

 

305. The study design details have been summarised in Table 63.  Seven of the studies 

were conducted in the North America, three in Europe and four in Asia.  The pooled 

analysis includes cohorts from North America and Europe.  All studies had a 

propective cohort design.  The two largest individual cohorts each contained about 

half a million subjects (Bingham et al., 2005; Schatzkin et al., 2007). The average 

length of follow-up ranged from 6 to 16 years.  The pooled analysis (Park et al., 

2005), which included 725,628 subjects and over 8,000 cases has been included in 

specific analyses (see results section below). 

 

306. With the exception of the Larsson et al. (2005) study, all studies reported on dietary 

fibre intake and colo-rectal cancer and/or colon cancer risk.  Two studies reported on 

soluble and insoluble fibre intake in relation to colo-rectal cancer risk (Pietinen et al., 

1999; Wakai et al., 2007).  Seven studies reported on cereal fibre intake in relation to 

colo-rectal cancer risk (Mai et al., 2003; Bingham et al., 2005; Larsson et al., 2005; 

Lin et al., 2005; Michels et al., 2005; Nomura et al., 2007; Schatzkin et al., 2007).  

Eight studies reported on both vegetable and fruit fibre intake in relation to colo-rectal 

cancer risk (Terry et al., 2001; Mai et al., 2003; Bingham et al., 2005; Lin et al., 

2005; Michels et al., 2005; Nomura et al., 2007; Schatzkin et al., 2007; Wakai et al., 

2007).  Six studies reported on legume fibre intake in relation to colo-rectal cancer 

risk (Mai et al., 2003; Bingham et al., 2005; Lin et al., 2005; Michels et al., 2005; 

Nomura et al., 2007; Schatzkin et al., 2007; Wakai et al., 2007).  Four studies 

reported on wholegrain cereal intake in relation to colo-rectal cancer incidence 

(Pietinen et al., 1999; McCullough et al., 2003; Larsson et al., 2005; Schatzkin et al., 

2007).  The pooled analysis reported on dietary fibre, cereal fibre, vegetable fibre and 

fruit fibre (Park et al., 2005).  

 

307. The funding sources for all studies, where reported, were Governmental; one study 

did not report funding sources. 

  

308. The results for studies investigating constituent dietary fibres (cereal, vegetable, fruit 

and legume fibre), and wholegrain cereal, intake in relation to colo-rectal cancer 

incidence have been presented in Appendix 3. 
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Table 63. Cohort studies of dietary fibre intake and risk of colo-rectal cancer 
Cohort Author Year Country Sex Age (y) CRC cases CC cases RC cases Cohort 

size 

Mean follow-up 

duration (y) 

Dietary 

assessment 

method 

Dietary fibre components 

investigated 

Funding source 

Individual cohorts              

Alpha-Tocopherol, Beta-

Carotene Cancer Prevention 

Study 

Pietinen 1999 Finland Men 50-69 185 NR NR 27111 8 Dietary 

history 

questionnaire 

Dietary fibre, Insoluble 

fibre, Soluble fibre, 

Wholegrain 

National Cancer Institute, 

USA 

Breast Cancer Detection 

Demonstration Project 

follow-up cohort 

Mai 2003 USA Women mean 62 487 NR NR 45491 8.5 FFQ Dietary fibre, Cereal fibre, 

Vegetable fibre, Fruit fibre 

Medical Research 

Council, USA 

Cancer Prevention Study II 

Nutrition Cohort 

McCullough 2003 USA Mixed 50-74 NR 508 NR 133163 5 FFQ Dietary fibre, Wholegrain NR 

European Prospective 

Investigation into Cancer 

and Nutrition 

Bingham  2005 Europe Mixed 25-70 1721 1178 648 519978 6.2 FFQ Dietary fibre, Cereal fibre, 

Vegetable fibre, Fruit fibre 

European Commission 

and National funding 

agencies 

Women's Health Study Lin 2005 USA Women mean 45 223 172 46 36976 10 FFQ Dietary fibre, Cereal fibre, 

Vegetable fibre, Fruit fibre 

National Cancer Institute; 

Nalional Heart, Lung, and 

Blood Institute, USA 

Swedish Mammography 

Cohort 

Larsson  2005 Sweden Women 40-76 805 547 252 61433 14.8 FFQ Cereal fibre, Wholegrain Swedish Cancer 

Foundation; the Swedish 

Research Council 

Nurses’ Health Study and 

Health Professionals 

Follow-Up Study 

Michels 2005 USA Mixed 30-75 1596 1202 310 124226 14-16 FFQ Dietary fibre, Cereal fibre, 

Vegetable fibre, Fruit fibre 

National Institutes of 

Health, USA 

Japan Public Health Center-

Based Prospective Study 

Otani  2006 Japan Mixed mean 57 

(40-69) 

522 367 155 86412 10 FFQ * Dietary fibre Ministry of Health, Labor 

and Welfare of Japan 

Shanghai Women's Health 

Study 

Shin  2006 China Women 40-70 283 165 118 73314 5.74 FFQ Dietary fibre National Institutes of 

Health, USA 

Hawaii-Los Angeles 

Multiethnic Cohort  Study 

Nomura 2007 USA Mixed 45-75 2110 1571 515 191011 7.3 FFQ Dietary fibre, Cereal fibre, 

Vegetable fibre, Fruit fibre 

National Cancer Institute, 

USA 

National Institutes of 

Health-AARP Diet and 

Health Study 

Schatzkin  2007 USA Mixed 50-71 2974 2140 852 489611 5 FFQ Dietary fibre, Cereal fibre, 

Vegetable fibre, Fruit fibre, 

Wholegrain 

National Cancer Institute, 

USA 

Japan Collaborative Cohort 

Study 

Wakai  2007 Japan Mixed 40-79 443 291 142 43115 7.6 FFQ Dietary fibre, Insoluble 

fibre, Soluble fibre, 

Vegetable fibre, Fruit fibre 

Ministry of Health, Labor 

and Welfare of Japan 

Singapore Chinese Health 

study 

Butler  2008 Singapore Mixed 45-74 961 591 370 61321 9.8 FFQ Dietary fibre National Cancer Institute, 

USA 

Pooled analysis              

13 cohorts Park 2004 North 

America, 

Europe 

Mixed NR 8081 5726 2188 725628 6-20 FFQ Dietary fibre, Cereal fibre, 

Vegetable fibre, Fruit fibre 

National Institutes of 

Health, USA 

* Dietary fibre intake, assessed by 5-yr follow-up survey was reported to be more precise than the baseline survey, so HR were used based on the 5 year follow-up survey; NR, not reported; CRC colo-rectal cancer; CC, colon cancer; RC, rectal cancer. 
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Table 64. Adjusted confounders for studies investigating dietary fibre and constituent fibres 

Study Age Sex ~ BMI Energy Smoking Family Education Alcohol PA NSAIDs Meat Folate Calcium Multivitamin use HRT use 

Individual cohorts 
               

Pietinen, 1999 Y 
 

Y Y Y 
 

Y Y Y 
   

Y 
  

Mai, 2003 **** Y 
 

Y Y Y 
 

Y Y 
 

Y Y 
 

Y *  
 

McCullough, 2003 Y 
 

Y Y Y Y Y 
 

Y 
 

Y 
 

Y 
 

Y 

Michels, 2005 Y 
 

Y Y Y Y Y Y Y Y Y Y Y 
 

Y 

Lin, 2005 Y 
 

Y Y Y Y 
 

Y Y Y Y Y 
  

Y 

Larsson, 2005 Y 
 

Y Y 
  

Y 
   

Y 
 

Y 
  

Bingham, 2005 Y Y Y *** Y Y 
 

Y Y Y 
 

Y Y 
   

Otani, 2006 Y 
 

Y Y Y 
  

Y Y 
 

Y Y Y 
  

Shin, 2006 Y 
  

Y Y Y Y Y Y 
    

Y 
 

Nomura, 2007 Y 
 

Y Y Y Y 
 

Y Y Y Y Y Y * Y  Y 

Schatzkin, 2007 Y Y 
 

Y Y 
   

Y 
 

Y Y Y 
 

Y 

Wakai, 2007 Y Y Y Y Y Y Y Y Y 
 

Y Y Y * 
  

Butler, 2008 Y ***** Y Y Y Y Y Y Y Y 
      

Pooled analysis 
               

Park, 2005 Y Y Y Y Y Y Y Y Y Y Y Y 
 

Y Y 

 *and vitamin D; **only for RC; *** height and weight not BMI; **** adjusted for dietary fibre only, constituent fibre RR were unadjusted; *****and diabetes; PA, physical activity; Family, family history of colo-rectal cancer; NSAIDs, non-steroidal anti-inflammatory 

drugs, HRT, hormone replacement therapy 

~ this was not applicable in studies where the cohort was of a single sex 
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Results 

 

  

309. Adjusted confounders for studies investigating dietary fibre have been summarised in 

Table 64.   

 

310.  For each exposure and endpoint a meta-analysis of cohort studies was performed.  

One of the studies was excluded for constituent fibre analyses as the risk ratios 

reported for these were unadjusted (Mai et al., 2003).  A further meta-analysis was 

performed that included the pooled analysis (Park et al., 2005) and additional studies 

not included in the pooled analysis.  This is presented for those endpoints and 

exposures reported in the pooled analysis.   

 

311. The findings from all cohort studies have been summarised in Table 65.  Outcome 

data, expressed as adjusted relative risk with 95% confidence intervals, were given for 

colo-rectal cancer risk and colon or rectal cancer risk, where reported. Most of the 

studies reported no significant association between dietary fibre intakes and the 

incidence of colo-rectal cancer.  Only a few studies reported the method used to 

determine dietary fibre, but among those that did the American Association of 

Official Analytical Chemists (AOAC) total dietary fibre method was the most 

frequently used, while two studies reported using the Englyst non-starch 

polysaccharide method.  One study compared the two different dietary fibre 

methodologies in relation to colo-rectal cancer incidence (Michels et al., 2005).  This 

reported that the Englyst and AOAC methods for fibre intake determination produced 

similar risk estimates for highest quintile compared with the lowest quintile of intake: 

for Englyst, HR 1.04 (95% CI 0.75-1.44) for women and 0.96 (0.69-1.34) for men 

compared with AOAC HR 0.98 (0.70-1.37) for women and 0.91 (0.65-1.28).  The 

Pearson correlation coefficient between AOAC and Englyst fibre was 0.99 in the 

cohorts.  The quintile ranges for lowest and highest were  <8.0 to >14.0 

g/1000kcal/day using the AOAC method and <6.0 to >10.5 g/1000kcal/day using the 

Englyst method, showing the lower value obtained using the Englyst method. 

 

312. The range of dietary fibre intakes reported within studies may be another factor that 

has contributed to different findings among studies.  If the range of intake of a 

nutrient was very narrow, a null association is more likely observed.  The EPIC 

Study, which reported an inverse association of dietary fibre with colo-rectal cancer 

(Bingham et al., 2005), involved subjects with a wide range of intakes. Other studies, 

involving subjects with a narrower range of intakes tended to find no association, e.g. 

(Terry et al., 2001; Mai et al., 2003; Lin et al., 2005; Michels et al., 2005; Otani et al., 

2006b).  This explanation appeared to be contradicted by the results from the Pooling 

Project (Park et al., 2005), which reported no association between high fibre intakes 

and colorectal cancer, even though the median intakes for the first and fifth quintiles 

of intake (9–20 and 23–41 g/d for men across studies; 8–17 and 20–35 g/d for women 

across studies) were comparable with those in the EPIC study.  The fibre intakes 

given in Table 65 for the Pooling Project are for the across-study cut-points whereas 

the RRs are for the study-specific quintiles.  For the across-study cut-points, the MV 

RR in the top fibre category could be estimated as 0.85. The Pooling Project also 

reported that cereals were a major contributor to dietary fibre intake in the European 



 

This document has been prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily 
represent the final views of SACN or the advice/policy of Public Health England and Health Departments.  

157 

studies, whereas fruits and vegetables were the main sources in the North American 

studies. The pooled multivariate RR for the highest quintile vs the lowest were similar 

for European and North American studies: 0.99 (95% CI, 0.80-1.23) for the European 

studies and 0.92 (95% CI, 0.83-1.02) for the North American studies. 

 

313. The meta-analyses for dietary fibre and colo-rectal cancer risk and colon or rectal 

cancer risk were presented below, while the data syntheses for dietary fibre 

constituents and colo-rectal cancer risk have been presented in Appendix 3. 
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Table 65. Adjusted relative risk ratios for the highest compared with the lowest quantile of dietary fibre intake and colo-rectal cancer risk 

Study Sex Outcome 
DF 

technique 
Comparison CRC RR CC RR RC RR 

CRC P 

for trend 

CC P for 

trend 

RC P for 

trend 
Reported association 

Individual 

cohorts    
    

    

Pietinen, 1999 Men CRC NSP Q1 16.0g/d vs Q4 34.1g/d *** 1.0 (0.6-1.5)   0.79 
  

No association observed 

Mai, 2003 Women CRC NR 
Q1 <6.3g/1000kcal vs Q5 

>12g/1000 kcal ** 
0.94 (0.7-1.26)   

   
No association observed 

McCullough, 

2003 
Women CC NR Q1 <8.0g/d vs Q5 14.4+g/d **  0.86 (0.52-1.42)  

 
0.71 

 No association observed 

 
Men 

  
Q1 <9.3g/d vs Q5 16.6+g/d  0.92 (0.64-1.32)  

 
0.95 

 

Bingham, 2005 Mixed 
CC, RC, 

CRC 
NSP 

Men Q1 18.2g/d vs Q5 30.1g/d; 

Women Q1 15.5g/d vs Q5 24.3g/d 

**** 

0.79 (0.63-0.99) 0.77 (0.58-1.02) 0.81 (0.55-1.21) 0.01 0.01 0.5 
Inverse association observed with CRC and CC risk, 

especially left-sided CC, but not RC.   

Lin, 2005 Women CRC AOAC   Q1 12g/d vs Q5 26g/d *** 0.75 (0.47-1.18)   0.11 
  

No association observed 

Michels, 2005 Women 
CC, RC, 

CRC 
AOAC  

Q1 < 8.0g/1000kcal/d vs Q5  

14.0g/1000kcal/d ** 
0.98 (0.70-1.37) 0.95 (0.65-1.39) 1.10 (0.52-2.29) 0.7 0.63 0.91 

No association observed 

 
Men 

 
AOAC  

Q1 < 8.0g/1000kcal/d vs Q5  

14.0g/1000kcal/d ** 
0.91 (0.65-1.28) 0.85 (0.56-1.30) 1.34 (0.62-2.89) 0.86 0.76 0.58 

Otani, 2006 Women 
CC, RC, 

CRC 
AOAC Q1 6.4g/d vs Q5 18.7g/d **** 0.58 (0.31-1.1) 0.48 (0.23-1.0 1.0 (0.32-3.3) 0.21 0.12 0.82 No association observed overall, although the risk for 

only the lowest quintile was significantly higher, 

compared with the second to the fifth quintiles 
 

Men 
  

Q1 8.3 g/d vs Q5 20.0g/d 0.85 (0.53-1.4) 0.80 (0.45-1.4) 0.95 (0.40-2.3) 0.48 0.39 0.99 

Shin, 2006 Women 
CC, RC, 

CRC 
NR Q1 <7.4g/d vs Q5 >13.45g/d ** 1.1 (0.6-1.8) 1.2 (0.6-2.4) 0.9 (0.4-2.1) 0.48 0.84 0.34 No association observed 

Nomura, 2007 Women 
CC, RC, 

CRC 
AOAC 

Q1 7.5g/1000kcal/d vs Q5 

18.6g/1000kcal/d *** 
0.88 (0.67-1.14) 0.92 (0.68-1.25) 0.82 (0.48-1.43) 0.25 0.361 0.639 Inverse association observed in men for CRC and subsite 

cancer risk, but in women no association was observed 

after adjustment for HRT and other factors  

 
Men 

  

Q1 6.1g/1000kcal/d vs Q5 

16.5g/1000kcal/d 
0.62 (0.48-0.79) 0.64 (0.48-0.86) 0.52 (0.32-0.84) 0.002 0.031 0.004 

Schatzkin, 

2007 
Mixed 

CC, RC, 

CRC 
AOAC 

Q1 6.6g/1000kcal/d vs Q5 

15.9g/1000kcal/d *** 
0.99 (0.85-1.15) 0.96 (0.80-1.15) 1.13 (0.84-1.51) 0.96 0.77 0.39 No association observed 

Wakai, 2007 Mixed 
CC, RC, 

CRC 
AOAC Q1 vs Q4 * 0.73 (0.51-1.03) 0.58 (0.38-0.88) 1.10 (0.59-2.07) 0.028 0.002 0.67 Inverse association observed  for CRC and CC 

Butler, 2008 Mixed  CRC NR Q1 vs Q4 * 0.98 (0.81 – 1.19)   0.78 
  

No association observed 

Pooled 

analysis    
    

    

Park 2005 Mixed 
CC, RC, 

CRC 
NR Q1 vs Q5 * 0.94 (0.86-1.03) 1.00 (0.90-1.11) 0.85 (0.72-1.01) 0.75 0.40 0.18 No association observed 

PCC, proximal colon cancer; DCC, distal colon cancer ;NR, not reported, y, year; d, day; Q, quantile; CRC, colo-rectal cancer; CC colon cancer; RC rectal cancer; NSP, non-starch polysaccharide; AOAC, American Association of Official Analytical Chemists 

* no quantile exposure data reported; ** quantile exposure data reported as ranges; *** quantile exposure data reported as median values; **** quantile exposure data reported as mean values 
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Colo-rectal cancer incidence and dietary fibre intake 

 

314. Eleven studies reported on colo-rectal cancer in relation to dietary fibre intake, 

providing twelve risk estimates (see Figure 11).  All eleven studies provided sufficient 

data for a highest quantile compared with lowest quantile meta-analysis to be 

performed and ten studies provided sufficient data for a per unit meta-analyses to be 

performed: one study did not provide information on the quantile intake values 

(Butler et al., 2008).  The results of the highest quantile compared with lowest 

quantile meta-analysis have been summarised in Table 66 and Figure 11.  The results 

of the per unit meta-analyses (10 g/day) for colo-rectal cancer incidence and dietary 

fibre intake have been summarised in Table 68 and Figure 13.  Incorporation of the 

Pooling Project and and studies not included in the pooled analysis left eight studies 

providing nine risk estimates (see Figure 12).  The results from the highest quantile 

compared with lowest quantile meta-analysis incorporating the Pooling Project have 

been summarised in Table 67.  

  

315. There was no significant evidence of heterogeneity between studies, although for the 

highest quantile compared with lowest quantile analysis including the Pooling Project, 

and the per unit analysis, heterogeneity were high (see Table 67).  For all analyses 

tests for publication bias (Egger’s linear regression test) were not significant. Both the 

highest quantile compared with lowest quantile meta-analyses gave similar results: for 

the highest compared with the lowest quantile of dietary fibre intake a significant 

reduction in the incidence of colo-rectal cancer was observed with a point estimate of 

a 12% reduction.  The per unit meta-analysis also indicated a significant reduction in 

the incidence of colo-rectal cancer with a 10g/day increase in dietary fibre associated 

with a point estimate of a 13% reduction.   

 
Table 66. Results of highest quantile compared with lowest quantile meta-analysis for colo-rectal cancer 

incidence and dietary fibre intake 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 12 0.88 (0.81-0.95) -3.08 (p=0.002) 
1
 I

2
 = 11.03% (95% CI 0.00-62.91); p for test of heterogeneity = 0.337 

2
 No. of RR estimates included in pooled analysis. 

 
Table 67. Results of highest quantile compared with lowest quantile meta-analysis for colo-rectal cancer 

incidence and dietary fibre intake including pooled analysis and excluding cohorts contained within  

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 8 0.88 (0.80-0.97) -2.61 (p=0.009) 
1
 I

2
 = 43.63% (95% CI 0.00-75.06%); p for test of heterogeneity = 0.111 

2
 No. of RR estimates included in pooled analysis. 
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Table 68. Results of per unit (10g/day) meta-analysis for colo-rectal cancer incidence and dietary fibre 

intake 

Model   Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 11 0.87 (0.80-0.96) -2.93 (p=0.004) 
1
 I

2
 = 53.37% (95% CI 8.14-76.53%); p for test of heterogeneity = 0.018 

2
 No. of RR estimates included in pooled analysis. 

 

316. Sex-specific meta-analyses were performed for dietary fibre intake and incidence of 

colo-rectal cancer. For the highest quantile compared with lowest quantile meta-

analysis there were eight risk estimates for women and six for men (see Table 69 and 

Table 71).  For the per unit meta-analyses there were seven risk estimates for women 

and five for men (see Table 70and Table 72).  One study could not be used in sex-

specific per unit analyses, as the mean energy intake by sex was not provided, so it 

was not possible to convert units from per 1000kcal/day to /day (Schatzkin et al., 

2007).  

 

317. There was no significant evidence of heterogeneity between studies, although in men 

heterogeneity was high for both analyses.  For all analyses tests for publication bias 

(Egger’s linear regression test) were not significant. 

 

318. There were no differences in the incidence of colo-rectal cancer for the highest 

compared with the lowest quantile analyses (see Table 69 and Table 71), but the per 

unit analyses indicated a significant reduction in the incidence of colo-rectal cancer 

with a 10g/day increase in dietary fibre in men, but not women (see Table 70 and 

Table 72). 

 
Table 69. Results of highest quantile compared with lowest quantile meta-analysis for colo-rectal cancer 

incidence and dietary fibre intake in women only 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 8 0.93 (0.81-1.05) -1.21(p=0.226) 
1
 I

2
 = 0.00% (95% CI 0.00-67.58%); p for test of heterogeneity = 0.559 

2
 No. of RR estimates included in pooled analysis. 

 
Table 70. Results of per unit (10g/day) meta-analysis for colo-rectal cancer incidence and dietary fibre 

intake women only 

Model  Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 7 0.92 (0.84-1.01) -1.83 (p=0.067) 
1
 I

2
 = 0.00% (95% CI 0.00-70.81%); p for test of heterogeneity = 0.824 

2
 No. of RR estimates included in pooled analysis. 
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Table 71. Results of highest quantile compared with lowest quantile meta-analysis for colo-rectal cancer 

incidence and dietary fibre intake in men only 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 6 0.84 (0.68-1.05) -1.53 (p=0.127) 
1
 I

2
 = 60.70% (95% CI .3.79-83.95%); p for test of heterogeneity = 0.026 

2
 No. of RR estimates included in pooled analysis. 

 
Table 72. Results of per unit (10g/day) meta-analysis for colo-rectal cancer incidence and dietary fibre 

intake men only 

Model  Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 5 0.88 (0.78-0.99) -2.12 (p=0.034) 
1
 I

2
 = 34.46% (95% CI 0.00-75.32%); p for test of heterogeneity = 0.192 

2
 No. of RR estimates included in pooled analysis. 
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Figure 11. Forest plot of the highest compared with the lowest quantile of dietary fibre intake and colo-rectal cancer risk 

Author (year)

Pietinen (1999)

Mai (2003)

Bingham (2005)

Lin (2005)

Michels (2005)

Michels (2005)

Otani (2006)

Shin (2006)

Nomura (2007)

Schatzkin (2007)

Wakai (2007)

Butler (2008)

Synthesis
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Figure 12.  Forest plot of the highest compared with the lowest quantile of dietary fibre intake and colo-rectal cancer risk, including pooled analysis and studies not included in the 

pooled analysis 
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Figure 13.  Forest plot of per unit analysis (10g/day) for dietary fibre intake and colo-rectal cancer risk 
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Colon cancer incidence and dietary fibre intake 

 

319. Eight studies reported on colon cancer in relation to dietary fibre intake.  All studies 

provided sufficient data for both highest quantile compared with lowest quantile and 

per unit meta-analyses to be performed.  The eight studies included provided nine risk 

estimates (see Figure 14).  The results of the highest quantile compared with lowest 

quantile meta-analysis have been summarised in Table 73 and Figure 14.  The results 

of the per unit meta-analysis (10 g/day) have been summarised in Table 75 and Figure 

16.  Incorporation of the Pooling Project and studies not included in the pooled 

analysis, left seven studies, providing seven risk estimates (Figure 15).  The results 

from the highest quantile compared with lowest quantile meta-analysis have been 

summarised in Table 74. 

  

320. Heterogeneity was high for the analysis including the Pooling Project heterogeneity 

(see Table 74) and the per unit analysis (see Table 75).  The number of estimates was 

too small to substantiate an explanation for the heterogeneity. For all analyses tests for 

publication bias (Egger’s linear regression test) were not significant, although the p 

value Egger's regression test for zero intercept was almost significant (p=0.054), 

despite the analysis including more studies as part of the Pooling project than 

included in the other analyses. 

 

321. Both highest quantile compared with lowest quantile meta-analyses indicated a 

significant reduction in the incidence of colon cancer by a point estimate of 16-17%.  

The per unit meta-analysis also indicated a significant reduction in the incidence of 

colon cancer with a 10g/day increase in dietary fibre, with a point estimate of a 12% 

reduction.    

  
Table 73. Results of highest quantile compared with lowest quantile meta-analysis for colon cancer 

incidence and dietary fibre intake 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 9 0.83 (0.75-0.93) -3.27 (p=0.001) 
1
 I

2
 = 11.05% (95% CI 0.00-68.69%); p for test of heterogeneity = 0.343 

2
 No. of RR estimates included in pooled analysis. 

 
Table 74. Results of highest quantile compared with lowest quantile meta-analysis for colon cancer 

incidence and dietary fibre intake including the pooled analysis and excluding cohorts contained within 

Model   Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 7 0.84 (0.73-0.98) -2.42 (p=0.025) 
1
 I

2
 = 58.66% (95% CI 4.64-82.08%); p for test of heterogeneity = 0.024 

2
 No. of RR estimates included in pooled analysis.  

 
Table 75. Results of per unit (10g/day) meta-analysis for colon cancer incidence and dietary fibre intake 

Model  Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 9 0.88 (0.79-0.97) -2.46 (p=0.014) 
1
 I

2
 = 50.37% (95% CI 0.00-76.81%); p for test of heterogeneity = 0.041 

2
 No. of RR estimates included in pooled analysis. 



 

This document has been prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN or the advice/policy of Public Health England and Health Departments.  
166 

Figure 14. Forest plot of the highest compared with the lowest quantile of dietary fibre intake and colon cancer risk  
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Figure 15. Forest plot of the highest compared with the lowest quantile of dietary fibre intake and colon cancer risk including the pooled analysis and studies not included in the 

pooled analysis 
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Figure 16.  Forest plot of per unit analysis (10g/day) for dietary fibre intake and colon cancer risk 
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Rectal cancer incidence and dietary fibre intake 

 

322. Seven studies reported on rectal cancer in relation to dietary fibre intake providing 

eight risk estimates (see Figure 17).  All studies provided sufficient data for both 

highest quantile compared with lowest quantile and per unit meta-analyses to be 

performed.  The results of the highest quantile compared with lowest quantile meta-

analysis have been summarised in Table 76 and Figure 17.  The results of the per unit 

meta-analyses (10 g/day) for rectal cancer incidence and dietary fibre intake have 

been summarised in Table 78 and Figure 19.  Incorporation of the Pooling Project and 

and studies not included in the pooled analysis left seven studies providing seven risk 

estimates (see Figure 18).  The results from the highest quantile compared with lowest 

quantile meta-analysis have been summarised in Table 77. 

 

323. There was no significant evidence of heterogeneity between studies. For all analyses 

tests for publication bias (Egger’s linear regression test) were not significant. 

  

324. All meta-analyses indicated no significant association between dietary fibre intake 

and the incidence of rectal cancer. 

 
Table 76. Results of highest quantile compared with lowest quantile meta-analysis for rectal cancer 

incidence and dietary fibre intake 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 8 0.93 (0.77-1.11) -0.823 (p=0.416) 
1
 I

2
 = 10.24% (95% CI 0.00-70.90%); p for test of heterogeneity = 0.351 

2
 No. of RR estimates included in pooled analysis. 

 
Table 77. Results of highest quantile compared with lowest quantile meta-analysis for rectal cancer 

incidence and dietary fibre intake including the pooled analysis and excluding cohorts contained within 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 7 0.88 (0.76-1.01) -2.20 (p=0.067) 
1
 I

2
 = 11.72% (95% CI 0.00-74.23); p for test of heterogeneity = 0.340 

2
 No. of RR estimates included in pooled analysis. 

 
Table 78. Results of per unit (10g/day) meta-analysis for rectal cancer incidence and dietary fibre intake 

Model  Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 8 0.89 (0.79-1.01) -1.75 (p=0.079) 
1
 I

2
 = 11.97% (95% CI 0.00-71.46%); p for test of heterogeneity = 0.337 

2
 No. of RR estimates included in pooled analysis. 
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Figure 17. Forest plot of the highest compared with the lowest quantile of dietary fibre intake and rectal cancer risk 
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Figure 18. Forest plot of the highest compared with the lowest quantile of dietary fibre intake and rectal cancer risk including the pooled analysis and studies not included in the 

pooled analysis 
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Figure 19.  Forest plot of per unit analysis (10g/day) for dietary fibre intake and rectal cancer risk 
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Summary  

 

325. Synthesis of available evidence from cohort studies showed that for the highest 

compared with the lowest quantile of dietary fibre intake a reduction in the incidence 

of colo-rectal cancer was observed with a point estimate of a 12% reduction: RR 0.88 

(95% CI 0.81-0.95).  A similar reduction in the incidence of colo-rectal cancer was 

also observed with a 10g/day increase in dietary fibre intake: RR 0.87 (95% CI 0.80-

0.96).  For the highest compared with the lowest quantile of dietary fibre intake a 17% 

reduction in the incidence of colon cancer was observed: RR 0.83 (95% CI 0.75-

0.93).  The per unit meta-analysis indicated a 12%: reduction in the incidence of colon 

cancer with a 10g/day increase in dietary fibre: RR 0.88 (95% CI 0.79-0.97).  There 

was no significant evidence to suggest an association with the incidence of rectal 

cancer and dietary fibre intake.   

 

326. The dietary assessment in cohort studies investigating dietary fibre intake in relation 

to colo-rectal cancer incidence has been based on data obtained mostly from food-

frequency questionnaires (see Table 63).  It is possible that measurement error 

inherent within this approach could be a factor that has contributed to the lack of 

convincing evidence for an inverse association between dietary fibre intake and colo-

rectal cancer risk in many studies.  If the observed association is due to a true 

biological effect, then the impact of measurement error is to dilute the association 

(which is likely to underestimate the relative risk) and the true magnitude of the 

association is probably substantially greater.  In a nested case-control study of seven 

prospective UK cohorts (including the UK EPIC cohorts) (Dahm et al., 2010), data 

from 579 colorectal cancer case patients and 1996 matched control subjects showed 

an inverse association between intakes of dietary fibre (non-starch polysaccharide), as 

estimated from four- to seven-day food records, and the risk of colo-rectal cancer, 

particularly the risk of colon cancer. This inverse association, however, was weaker 

and not statistically significant when dietary fibre consumption, in the same case and 

control subjects, was estimated using food-frequency questionnaires.  
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Total carbohydrate, starch or sugar intake, dietary glycaemic index or load 

and risk of colo-rectal cancer 

 

327. Twelve studies were identified as eligible (Kearney et al., 1996; Terry et al., 2003; 

Higginbotham et al., 2004; Michaud et al., 2005; McCarl et al., 2006; Larsson et al., 

2007; Strayer et al., 2007; Butler et al., 2008; Howarth et al., 2008; Weijenberg et al., 

2008; George et al., 2009; Zhang et al., 2010) (see Appendix 2 for studies excluded). 

 

328. Several of the studies included did not adjust for all the required confounders (alcohol 

intake, smoking, physical activity and overweight/obesity) in their multivariant 

analyses (see Table 80); however, these studies did investigate the influence of any 

missing necessary confounder on effect estimates and reported them not to change the 

estimates produced (McCarl et al., 2006) (Larsson et al., 2007; Strayer et al., 2007). 

 

329. One of the studies reported a pooled analysis of 13 prospective cohort studies (Zhang 

et al., 2010).  The cohorts included were the same as those in the pooled analysis of 

dietary fibre and colo-rectal cancer risk (Park et al., 2005).  

Study design  

 

330. The study design details have been summarised in Table 79.  Eight studies were 

conducted in North America, two in Europe and one in Asia.  The majority of subjects 

were women.  All studies were cohort studies.  The individual cohort sizes ranged 

from 8,006 to 566,402.  The average length of follow-up ranged from 6 to 20 years.  

The pooled analysis included data from 731,441 subjects. 

 

331. Seven studies reported on carbohydrate intake in relation to colo-rectal cancer risk 

(Terry et al., 2003; Higginbotham et al., 2004; Michaud et al., 2005; McCarl et al., 

2006; Larsson et al., 2007; Strayer et al., 2007; Howarth et al., 2008).  Six studies 

reported on sugar intake in relation to colo-rectal cancer risk (Kearney et al., 1996; 

Terry et al., 2003; Higginbotham et al., 2004; Michaud et al., 2005; McCarl et al., 

2006; Howarth et al., 2008).  Three studies reported on starch intake in relation to 

colo-rectal cancer risk (Higginbotham et al., 2004; McCarl et al., 2006; Butler et al., 

2008).  Nine studies reported on dietary glycaemic index or load in relation to colo-

rectal cancer risk (Terry et al., 2003; Higginbotham et al., 2004; Michaud et al., 2005; 

McCarl et al., 2006; Larsson et al., 2007; Strayer et al., 2007; Howarth et al., 2008; 

Weijenberg et al., 2008; George et al., 2009).   A pooled analysis reported on sugar-

sweetened carbonated soft drink consumption in relation to colon cancer risk (Zhang 

et al., 2010). 

 

332. The funding sources for all studies, where reported, were Governmental; one study 

did not report funding sources. 
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Table 79. Cohort studies of total carbohydrate, starch or sugar intake, dietary glycaemic index or load and risk of colo-rectal cancer 
Cohort Author Year Counrty Sex Age (y) CRC cases CC 

cases 

RC 

cases 

Cohort 

size 

Mean follow-up 

duration 

Dietary 

assessment 

method 

Carbohydrate 

components 

investigated 

Funding source 

Individual cohorts              

Health professionals 

follow-up study 

Kearney 1996 USA Men 40-75 NR 203 NR 47935 6 FFQ Lactose  National Institutes of Health, USA; 

American Cancer Society 

Canadian National 

Breast Screening Study 

Terry 2003 Canada Women 40-59 616 436 180 49124 16.5y FFQ Total carbohydrate, 

total sugars, GL 

National Cancer Institute of Canada 

Women's Health Study Higginbotham 2004 USA Women mean 54 174 148 26 38451 7.9y 

 

FFQ Total carbohydrate, 

starch, fructose, 

sucrose, GI, GL 

National Institutes of Health, USA 

Nurses' Health Study 

Cohort and Health 

Professionals' Follow-

up Study 

Michaud 2005 USA. Mixed 30-55 1809 1431 378 131349 up to 20y FFQ Total carbohydrate, 

fructose, sucrose, GI, 

GL 

National Institutes of Health, USA 

 

Iowa Women's Health 

Study 

McCarl 2006 USA Women mean 62 

(55-69) 

954 757 209 35197 15y FFQ  GI, GL ** National Cancer Institute, USA 

Swedish 

Mammography Cohort 

Larsson 2007 Sweden Women 40-76 870 594 283 61433 15.7y FFQ Total carbohydrate, GI, 

GL 

Swedish Cancer Society; Swedish 

Research Council 

Breast Cancer 

Detection 

Demonstration Project 

follow-up cohort 

Strayer 2007 USA Women 62 490 NR NR 45561 8.5y FFQ Energy intake from 

carbohydrate, GI, GL 

NR 

Singapore Chinese 

Health study 

Butler 2008 Singapore Mixed 45-74 961 591 370 61321 9.8y FFQ Starch National Cancer Institute, USA 

Hawaii-Los Angeles 

Multiethnic Cohort  

Study 

Howarth 2008 USA Mixed 45-75 2379 1782 578 191004 8.2y FFQ Total carbohydrate, 

sucrose, GL 

National Cancer Institute, USA 

Netherlands Cohort 

Study 

Weijenberg 2008 The Netherlands Mixed NR 1811 1225 418 120852 11.3y FFQ GI, GL NR 

National Institutes of 

Health–AARP Diet and 

Health Study 

George 2009 USA Mixed 50-71 4498 NR NR 566402 up to 8y FFQ GI, GL National Cancer Institute, USA 

Pooled analysis              

13 cohorts Zhang,  2010 North America, 

Europe 

Mixed NR NR 5604 NR 731441 6-20y FFQ Sugar-sweetened 

carbonated soft drinks 

National Institutes of Health, USA 

NR, not reported, y, year; d, day; FFQ, food frequency questionnaire; *about 10% of population had diabetes at baseline; ** other carbohydrate exposures not adjusted for necessary confounders, so not included;  CRC colo-rectal cancer; CC, colon cancer; RC, rectal cancer; 

GI, glycaemic index; GL, glycaemic load. 
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Table 80. Adjusted confounders for studies investigating carbohydrate, starch, sugar, glycaemic index or load 

Study Age Sex ** BMI Energy Smoking Family Education Alcohol PA NSAIDs Fibre Meat Folate Calcium Multivitamin use HRT use 

Individual 

cohorts                 

Kearney, 1996 Y 
 

Y 
 

Y Y 
 

Y Y 
 

Y Y 
    

Terry, 2003 Y 
 

Y Y Y 
 

Y Y Y 
  

Y Y 
  

Y 

Higginbotham, 

2004 
Y 

 
Y Y Y Y 

 
Y Y Y Y Y y Y 

 
Y 

Michaud, 2005 Y 
 

Y Y Y Y 
 

Y Y Y Y Y Y Y 
  

McCarl, 2006  Y 
 

Y Y Y 
   

Y 
       

Larsson, 2007 Y 
 

Y Y Y 
 

Y Y 
  

Y Y Y Y and magnesium 
 

Strayer, 2007 Y 
 

Y Y Y 
    

Y Y 
    

Y 

Butler, 2008 Y * Y Y Y Y Y Y Y Y 
       

Howarth, 2008 Y 
 

Y Y Y Y 
 

Y Y Y Y Y Y Y 
 

Y 

Weijenberg et al., 

2008 
Y 

 
Y Y Y Y Y Y Y Y 

 
Y 

 
Y 

  

George et al., 

2009 
Y 

 
Y Y Y Y Y Y Y 

      
Y 

Pooled analysis 
                

Zhang, 2010 Y 
 

Y Y Y Y Y Y Y Y 
 

Y Y 
 

Y Y 

* and diabetes; ** this was not applicable in studies where the cohort was of a single sex; PA, physical activity; Family, family history of colo-rectal cancer; NSAIDs, non-steroidal anti-inflammatory drugs; HRT, hormone replacement therapy 
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Results 

 

333. Adjusted confounders for studies investigating carbohydrate, starch, sugar, glycaemic 

index or load have been summarised in Table 80.  Insufficient studies were available 

to perform meta-analyses for starch or sugar intake.  Meta-analyses were performed 

for studies investigating dietary glycaemic index or load and risk of colo-rectal cancer 

and subsite cancers. 

Colo-rectal cancer incidence and carbohydrate intake 

 

334. The findings from all cohort studies have been summarised in Table 83.  All studies 

provided sufficienty data for both highest quantile compared with lowest quantile and 

per unit meta-analyses to be performed.  Adjusted relative risk with 95% confidence 

intervals, were given for colo-rectal cancer risk and colo-rectal cancer subsite risk, 

where reported.  

 

335. Six studies reported on colo-rectal cancer in relation to carbohydrate intake on a gram 

per day basis, providing seven risk estimates (see Figure 20 and Figure 21).  The 

results of the highest quantile compared with lowest quantile meta-analysis have been 

summarised in Table 81.  The results of the per unit meta-analysis have been 

summarised in Table 82.  

  

336. Heterogeneity was high, but not significant. For all analyses tests for publication bias 

(Egger’s linear regression test) were not significant. 

 

337. There were no differences between the highest compared with the lowest quantile, or 

the per unit analysis, of dietary carbohydrate intake in relation to the incidence of 

colo-rectal cancer. 

 

 
Table 81. Results of highest quantile compared with lowest quantile meta-analysis for colo-rectal cancer 

incidence and carbohydrate intake 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 7 1.00 (0.83-1.19) -0.04 (p=0.964) 
1
 I

2
 = 57.23% (95% CI 0.87-81.55%); p for test of heterogeneity = 0.029 

2
 No. of RR estimates included in pooled analysis. 

 
Table 82. Results of per unit (100g/day) meta-analysis for colo-rectal cancer incidence and carbohydrate 

intake 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 7 1.00 (0.82-1.21) -0.01 (p=0.989) 
1
 I

2
 = 66.83% (95% CI 26.07-85.12%); p for test of heterogeneity = 0.006 

2
 No. of RR estimates included in pooled analysis. 
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Table 83. Adjusted relative risk ratios for the highest compared with the lowest quantile of carbohydrate intake and colo-rectal cancer risk 

Study Sex Measure Outcome Comparison CRC RR CC RR RC RR 
CRC P for 

trend 
CC P for trend RC P for trend Reported association 

Terry, 2003 Women g/d CRC, CC, RC 
Q1 <143g/d vs 

Q5 > 249/d ** 

1.01 (0.68-

1.51) 

1.04 (0.63-

1.72) 

0.98 (0.49-

1.97) 
0.66 0.8 0.85 No association observed 

Higginbotham, 

2004 
Women g/d CRC Q1 vs Q5 * 

2.41 (1.10-

5.27) 
  0.02 

  
Positive association observed 

Michaud, 2005 Women g/d CRC, CC, RC 
Q1 110g/d vs 

Q5 202g/d *** 

0.87 (0.68-

1.11) 

0.86 (0.65-

1.13) 

0.91 (0.53-

1.55) 
0.15 0.14 0.78 No association observed 

 
Men g/d CRC, CC, RC 

Q1 182g/d vs 

Q5 288g/d 

1.27 (0.93-

1.72) 

1.21 (0.85-

1.71) 

1.45 (0.73-

2.38) 
0.11 0.2 0.34 

 

Larsson, 2007 Women g/d CRC, CC, RC 

Q1 <211g/d vs 

Q5 >245g/d 

** 

1.10 (0.85-

1.44) 

1.14 (0.83-

1.57) 

0.94 (0.59-

1.50) 
0.45 0.64 0.78 No association observed 

Strayer, 2007 Women g/d CRC 
Q1 <114g/d vs 

Q5 >162 ** 

0.70 (0.50-

0.97) 
  0.08 

  
Inverse association observed 

Howarth, 2008 Women g/d CRC, CC, RC 

Q1 <210.7g/d 

vs Q5 

>281.0g/d ** 

0.71 (0.53-

0.95) 

0.69 (0.50-

0.96) 

0.78 (0.42-

1.44) 
0.025 0.038 0.337 

Inverse association observed in women, but not 

men. 

 
Men g/d CRC, CC, RC 

Q1 <243.9g/d 

vs Q5 >331.1 

1.09 (0.84-

1.40) 

1.10 (0.81-

1.49) 

0.98 (0.60-

1.59) 
0.603 0.452 0.642 

NR, not reported, y, year; d, day; Q, quantile; CRC, colo-rectal cancer; CC colon cancer; RC rectal cancer 

* no quantile exposure data reported; ** quantile exposure data reported as ranges; *** quantile exposure data reported as median values; **** quantile exposure data reported as mean values 
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Figure 20.  Forest plot of the highest compared with the lowest quantile of carbohydrate intake and colo-rectal cancer risk 

Author (year)
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0.87 (0.68; 1.11)

1.27 (0.93; 1.73)

1.10 (0.85; 1.43)

0.70 (0.50; 0.97)

0.91 (0.75; 1.1)

1.00 (0.83; 1.19)
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Figure 21.  Forest plot of per unit analysis (100g/day) for carbohydrate intake and colo-rectal cancer risk 

Author (year)

Terry (2003)

Higginbottom (2004)

Michaud (2005)

Michaud (2005)

Larsson (2007)

Strayer (2007)

Howarth (2008)
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Weight %
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4.56%

18.43%

17.26%

9.56%

11.03%

21.23%

100%

Sex

Women

Women

Women

Men

Women

Women  

Mixed

RR (95% CI)

0.92 (0.72; 1.17)

2.93 (1.28; 6.70)

0.86 (0.69; 1.08)

1.27 (0.98; 1.65)

1.21 (0.74; 1.98)

0.59 (0.38; 0.92)

0.95 (0.82; 1.12)

1.00 (0.82; 1.21)

0.25 0.5 1 2 4 8

RR
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Colon and rectal cancer incidence and carbohydrate intake 

 

338. Four studies reported on colon cancer incidence in relation to dietary carbohydrate 

intake.  The four studies included provided five risk estimates.  The results of the 

highest quantile compared with lowest quantile meta-analysis have been summarised 

in Table 84.  The results of the per unit meta-analysis have been summarised in Table 

85. Four studies reported on rectal cancer incidence in relation to dietary carbohydrate 

intake (see Table 83).  The four studies included provided five risk estimates.  The 

results of the highest quantile compared with lowest quantile meta-analysis have been 

summarised in Table 86.  The results of the per unit meta-analysis have been 

summarised in Table 87. 

 

339. Heterogeneity was not significant for either the colon cancer analyses or the rectal 

cancer analyses.  Tests for publication bias (Egger’s linear regression test) were not 

significant.  There were no differences between the highest compared with the lowest 

quantile or the per unit analyses of dietary carbohydrate intake in relation to the 

incidence of colon or rectal.    

 
Table 84. Results of highest quantile compared with lowest quantile meta-analysis for colon cancer 

incidence and carbohydrate intake 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 5 0.97 (0.85-1.11) -0.38 (p=0.706) 
1
 I

2
 = 0.00% (95% CI 0.00-79.20%); p for test of heterogeneity = 0.410 

2
 No. of RR estimates included in pooled analysis. 

 
Table 85. Results of per unit (100g/day) meta-analysis for colon cancer incidence and carbohydrate 

intake 

Model  Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 5 0.98 (0.85-1.12) -0.31 (p=0.754) 
1
 I

2
 = 19.84% (95% CI 0.00-83.33%); p for test of heterogeneity = 0.288 

2
 No. of RR estimates included in pooled analysis. 

 
Table 86. Results of highest quantile compared with lowest quantile meta-analysis for rectal cancer 

incidence and carbohydrate intake 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 5 0.98 (0.79-1.23) -0.14 (p=0.884) 
1
 I

2
 = 0.00% (95% CI 0.00-79.20%); p for test of heterogeneity = 0.737 

2
 No. of RR estimates included in pooled analysis. 

 
Table 87. Results of per unit (100g/day) meta-analysis for rectal cancer incidence and carbohydrate 

intake 

Model  Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 5 0.98 (0.81-1.20) -0.72 (p=0.863) 
1
 I

2
 = 0.00% (95% CI 0.00-79.20%); p for test of heterogeneity = 0.665 

2
 No. of RR estimates included in pooled analysis. 
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Colo-rectal cancer incidence and sugar intake 

 

340. The findings from all cohort studies have been summarised in Table 88.  Adjusted 

relative risk with 95% confidence intervals, were given for colo-rectal cancer risk and 

colon or rectal cancer risk, where reported.  There were insufficient studies to perform 

a meta-analysis for any of the sugar groups and for sucrose one study only reported 

data for women, where an inverse association was observed, but not for men, where 

no association was observed (Howarth et al., 2008).   

 

341. One study reported on lactose intake in relation to colo-rectal cancer incidence 

(Kearney et al., 1996).  This reported no difference in colo-rectal cancer incidence 

between the highest compared with the lowest quantile of dietary lactose intake: 

multivariate adjusted RR = 0.84 (95% CI: 0.54- 1.29; p trend=0.74). 

 

342. Two studies reported on dietary fructose intake in relation to colo-rectal cancer 

incidence (Higginbotham et al., 2004; Michaud et al., 2005).  One study in women 

(Higginbotham et al., 2004) reported an increased incidence of colo-rectal cancer in 

the highest compared with the lowest quantile of fructose intake (multivariate 

adjusted RR= 2.09 ;95% CI 1.13-3.87), but the other study reported no difference in 

the incidence of colo-rectal cancer in women (reporting an adjusted RR=0.87; 95% CI 

0.71-1.07).  Fructose intake in men, however, was observed to be associated with 

increased colo-rectal cancer incidence, with an increased incidence in the highest 

compared with the lowest quantile of intake; multivariate adjusted RR=1.37 (95% CI: 

1.05-1.78) (Michaud et al., 2005). 

 

343. Three studies reported on sucrose intake in relation to colo-rectal cancer incidence 

(Higginbotham et al., 2004; Michaud et al., 2005; Howarth et al., 2008).  The 

findings mirror the associations observed for fructose intake.  One study in women 

(Higginbotham et al., 2004) reported an higher incidence of colo-rectal cancer in the 

highest compared with the lowest quantile of sucrose intake (multivariate adjusted 

RR= 1.51 (95% CI 0.90-2.54), while another reported a lower incidence of colo-rectal 

cancer in the highest compared with the lowest quantile of sucrose intake 

(multivariate adjusted RR= 0.71 (95% CI 0.53-0.95) (Howarth et al., 2008).  The 

other study reported no difference in the incidence of colo-rectal cancer in women in 

relation to sugar intake (Michaud et al., 2005).  Two reported on sucrose intake in 

men in relation to colo-rectal cancer incidence (Michaud et al., 2005; Howarth et al., 

2008).  One study reported an increased incidence in the highest compared with the 

lowest quantile of intake; multivariate adjusted RR=1.30 (95% CI: 0.99-1.69) 

(Michaud et al., 2005).  The other study reported no difference in incidence in the 

highest compared with the lowest quantile of intake (data not reported) (Howarth et 

al., 2008). 

 

344. One study reported on total sugar intake in relation to colo-rectal cancer incidence, 

but did not observe an association (Terry et al., 2003).  A pooled analysis of 13 

cohorts studies observed no association between sugar-sweetened carbonated soft 

drink consumption and colon cancer risk, as compared with non-consumers (Zhang et 

al., 2010); for men and women combined the adjusted risk ratio comparing 

consumption of 550g/day to non-consumers was 0.94 (95% CI 0.66-1.32; Ptrend = 

0.91).  In summary, there was contradictory and inconsistent evidence for an 

association between dietary sugar intake and colo-rectal cancer incidence.
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Table 88. Adjusted relative risk ratios for the highest compared with the lowest quantile of sugar intake and colo-rectal cancer risk 

Study Sex 
Sugar 

investigated 
Outcome Comparison CRC RR CC RR RC RR 

CRC P for 

trend 
CC P for trend RC P for trend Reported association 

Individual 

cohorts     
  

     

Kearney, 1996 Men Lactose CC Q1 vs. Q5 *  0.84 (0.54-1.29) 
 

0.74 
  

No association observed 

     
  

     
Higginbotham, 

2004 
Women Fructose CRC  Q1 vs Q5 * 2.09 (1.13-3.87)  

 
0.08 

  

Positive association observed 

 

Michaud, 2005 Women Fructose CRC, CC, RC 
Q1 22g/d vs Q5 

68g/d *** 
0.87 (0.71-1.07) 0.86 (0.68-1.09) 0.92 (0.59-1.44) 0.2 0.15 0.47 

Positive association observed for 

men, but not women 

 
Men Fructose CRC, CC, RC 

Q1 29g/d vs Q5 

72 g/d *** 
1.37 (1.05-1.78) 1.38 (1.03-1.86) 1.31 (0.72-2.38) 0.008 0.02 0.33 

     
  

     
Higginbotham, 

2004 
Women Sucrose CRC  Q1 vs Q5 * 1.51 (0.90-2.54)  

 
0.06 

  
Positive association observed 

Michaud, 2005 Women Sucrose CRC, CC, RC 
Q1 17g/d vs Q5 

55g/d *** 
0.89 (0.72-1.11) 0.99 (0.78-1.26) 0.62 (0.39-0.99) 0.1 0.49 0.17 

Positive association observed for 

men, but not women 

 
Men Sucrose CRC, CC, RC 

Q1 26g/d vs Q5 

67g/d *** 
1.30 (0.99-1.69) 1.25 (0.93-1.68) 1.47 (0.81-2.66) 0.03 0.13 0.11 

Howarth, 2008 Women Sucrose CRC, CC  Q1 vs Q5 * 0.88 (0.70-1.11) 0.85 (0.66-1.11) 
 

0.158 0.155 
 No associations observed for men  

women 
 

Men Sucrose CRC, CC  Q1 vs Q5 * NR NR 
    

     
  

     

Terry, 2003 Women Total sugars CRC, CC, RC 
Q1 <53g/d vs Q5 

>103g/d ** 
1.03 (0.73-1.44) 1.10 (0.72-1.66) 0.90 (0.49-1.66) 0.71 0.52 0.87 No association observed 

Pooled analysis 
    

  
     

Zhang, 2010 Women 

Sugar-sweetened 

carbonated soft 

drinks 

CC 
Q1 non-drinkers 

vs Q4 >550g/d 
 1.08 (0.67-1.73 

  
0.89 

 
No association observed 

 
Men 

Sugar-sweetened 

carbonated soft 

drinks 
  

 0.77 (0.46-1.29) 
  

0.74 
  

NR, not reported, y, year; d, day; Q, quantile; CRC, colo-rectal cancer; CC colon cancer; RC rectal cancer; PCC, proximal colon cancer; DCC, distal colon cancer 

* no quantile exposure data reported; ** quantile exposure data reported as ranges; *** quantile exposure data reported as median values; **** quantile exposure data reported as mean values 
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Colo-rectal cancer incidence and starch intake 

 

345. The findings from all cohort studies have been summarised in Table 89.  Adjusted 

relative risk with 95% confidence intervals, were given for colo-rectal cancer risk and 

colon or rectal cancer risk, where reported.   There were insufficient studies to 

perform a meta-analysis for starch intake and colo-rectal cancer incidence. 

 

346. Two studies reported on starch intake in relation to colo-rectal cancer incidence 

(Higginbotham et al., 2004; Butler et al., 2008).  One study observed no difference in 

the incidence of colo-rectal cancer in the highest compared with the lowest quantile of 

starch (Butler et al., 2008).  One study in women (Higginbotham et al., 2004) 

reported a higher incidence of colo-rectal cancer in the highest compared with the 

lowest quantile of starch intake (multivariate adjusted RR= 2.60 (95% CI 1.22-5.54).  

In summary, there was contradictory and inconsistent evidence for an association 

between dietary starch intake and colo-rectal cancer incidence and there were 

insufficient studies to enable a meaningful interpretation. 

  
Table 89. Adjusted relative risk ratios for the highest compared with the lowest quantile of starch intake 

and colo-rectal cancer risk 

Study Sex Outcome Comparison CRC RR 
CRC P 

for trend 
Reported association 

Higginbotha

m, 2004 
Women CRC Q1 vs Q5 * 2.60 (1.22-5.54) 0.02 Positive association observed 

Butler, 2008 Mixed  CRC Q1 vs Q5 * 1.09 (0.90 – 1.31) 0.56 No association observed 

; NR, not reported, y, year; d, day; Q, quantile; CRC, colo-rectal cancer 

* no quantile exposure data reported;  
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Colo-rectal cancer incidence and dietary glycaemic index or load  

 

347. The glycaemic index is defined methodologically as the incremental area under the 

curve for the blood glucose response after consumption of a food relative to that 

produced by a reference food (usually glucose or white bread) given in an equivalent 

digestible carbohydrate amount (50 or 25 g) (Jenkins et al., 1981).  The concept of 

glycaemic load was introduced as an indicator of a glucose response or insulin 

demand induced by the total carbohydrate intake, and quantifies the overall glycaemic 

effect of a portion of food (Salmerón et al., 1997a; Salmerón et al., 1997b).  The 

glycaemic load of a typical serving of food is the product of the amount of digestible 

carbohydrate in that serving and the glycaemic index of the food.  A higher glycaemic 

load reflects either greater carbohydrate consumption, intake of foods with a higher 

glycaemic index, or both. 

 

348. The glycaemic load for a food item is calculated by multiplying the food’s glycemic 

index by the number of carbohydrate grams in a serving and the total dietary 

glycaemic load is the sum of the glycaemic load for the total servings of all 

carbohydrate-containing foods consumed per day, on average.  The overall glycaemic 

index reflects the average quality of carbohydrates consumed, whereas the total 

dietary glycaemic load reflects both the average quantity and quality of carbohydrates. 

 

349. The glycaemic index values used in the cohort studies were obtained from tables 

compiling published and unpublished results from human studies of glycaemic 

response to different foods using standardised methodology, with either glucose or 

white bread as the reference food (Foster-Powell & Miller, 1995; Foster-Powell et al., 

2002; Brand-Miller et al., 2003; Atkinson et al., 2008).   

 

350. Median glycaemic index intakes varied from 49 to 80 and median daily glycaemic 

load ranged from 67 to 210; however, the choice of reference food influenced the 

reported glycaemic index and glycaemic load values.  Glycaemic index values 

obtained using glucose as the reference food were approximately 0.7 of the glycaemic 

index values obtained using white bread as the reference food (Foster-Powell et al., 

2002).  The intake values, therefore, were not directly comparable and several studies 

did not report the reference food used. 

 

351. All studies investigated glycaemic load in relation to colo-rectal cancer risk, but two 

did not report on glycaemic index in relation to colo-rectal cancer risk (Terry et al., 

2003; Howarth et al., 2008).  Two studies only reported on overall colo-rectal cancer 

risk (Strayer et al., 2007; George et al., 2009), while the others also reported colon 

and rectal risk separately.  Three studies reported proximal and distal cancer risk in 

relation to glycaemic load or glycaemic index intake (Terry et al., 2003; Michaud et 

al., 2005; Weijenberg et al., 2008). 

 

352. The findings from all cohort studies have been summarised in Table 98.  Adjusted 

relative risk with 95% confidence intervals, were given for colo-rectal cancer risk and 

colon or rectal cancer risk, where reported. 

 

353. Three studies reported some positive associations between glycaemic load or 

glycaemic index and colo-rectal cancer risk (Higginbotham et al., 2004; Michaud et 
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al., 2005; George et al., 2009), two reported some negative associations between 

glycaemic load or glycaemic index and colo-rectal cancer risk (Strayer et al., 2007; 

Howarth et al., 2008), while the remainder reported no associations (Terry et al., 

2003; McCarl et al., 2006; Larsson et al., 2007; Weijenberg et al., 2008). 

 

354. All studies provided sufficient data for both highest quantile compared with lowest 

quantile and per unit meta-analyses to be performed.  Nine studies reported on colo-

rectal cancer in relation to dietary glycaemic index or load, providing eight risk 

estimates for glycaemic index (see Figure 22 and Figure 24) and ten risk estimates for 

dietary glycaemic load (see Figure 23 and Figure 25).  The results of the highest 

quantile compared with lowest quantile meta-analysis have been summarised in Table 

90 and Table 92 for dietary glycaemic index and load, respectively.  The results of the 

per unit meta-analyses (10 glycaemic index units/day or 50 glycaemic load units /day) 

for colo-rectal cancer incidence and dietary glycaemic index or load have been 

summarised in Table 91 and Table 93, respectively. Meta-analyses were performed 

for women only, for glycaemic index there were seven risk estimates (see Table 94, 

and Table 95) and for glycaemic load there were nine risk estimates (see Table 96, 

and Table 97, ) and incidence of colo-rectal cancer. 

 

355. Heterogeneity was high in all analyses, especially for glycaemic load, largely due to 

the positive associations observed in the study by Higginbottom et al. (2004).  Tests 

for publication bias (Egger’s linear regression test) were not significant for analyses 

of glycaemic index, but for the highest quantile compared with lowest quantile 

analyses of glycaemic load, tests were significant (p=0.012 for all subjects; p=0.052 

for women only). The number of estimates was too small to substantiate an 

explanation for the heterogeneity or publication bias.   

 
Table 90. Results of highest quantile compared with lowest quantile meta-analysis for colo-rectal cancer 

incidence and dietary glycaemic index 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 8 1.06(0.95-1.18) 1.05 (p=0.292) 
1
 I

2
 = 44.62% (95% CI 0.00-75.47%); p for test of heterogeneity = 0.081  

2
 No. of RR estimates included in pooled analysis. 

 
Table 91. Results of per unit (10 glycaemic index units/day) meta-analysis for colo-rectal cancer 

incidence and dietary glycaemic index 

Model  Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 8 1.06(0.97-1.17) 1.25 (p=0.210) 
1
 I

2
 = 51.99% (95% CI 0.00-78.46%); p for test of heterogeneity = 0.042 

2
 No. of RR estimates included in pooled analysis. 

 
Table 92. Results of highest quantile compared with lowest quantile meta-analysis for colo-rectal cancer 

incidence and dietary glycaemic load 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 10 1.00 (0.90-1.12) 0.01 (p=0.996) 
1
 I

2
 = 48.43 (95% CI 0.00-75.08%); p for test of heterogeneity = 0.042 

2
 No. of RR estimates included in pooled analysis. 
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Table 93. Results of per unit (50 glycaemic load units /day) meta-analysis for colo-rectal cancer 

incidence and dietary glycaemic load 

Model   Pooled RR estimate
1 

 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 10 1.00 (0.93-1.07) -0.05 (p=0.957) 
1
 I

2
 = 56.05% (95% CI 10.81-78.35%); p for test of heterogeneity = 0.015 

2
 No. of RR estimates included in pooled analysis. 

 
Table 94. Results of highest quantile compared with lowest quantile meta-analysis for colo-rectal cancer 

incidence and dietary glycaemic index for women only 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 7 1.07 (0.94-1.22) 1.07 (p=0.257) 
1
 I

2
 = 40.29% (95% CI 0.00-74.90%); p for test of heterogeneity = 0.123 

2
 No. of RR estimates included in pooled analysis. 

 
Table 95. Results of per unit (10 glycaemic index units /day) meta-analysis for colo-rectal cancer 

incidence and dietary glycaemic index women only 

Model  Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 7 1.07 (0.95-1.19) -1.14 (p=0.254) 
1
 I

2
 = 48.80% (95% CI 0.00-78.35%); p for test of heterogeneity = 0.069 

2
 No. of RR estimates included in pooled analysis. 

 
Table 96. Results of highest quantile compared with lowest quantile meta-analysis for colo-rectal cancer 

incidence and dietary glycaemic load for women only 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 9 0.98 (0.85-1.12) -0.32 (p=0.747) 
1
 I

2
 = 48.25% (95% CI 0.00-75.92%); p for test of heterogeneity = 0.051 

2
 No. of RR estimates included in pooled analysis. 

 
Table 97. Results of per unit (50 glycaemic load units /day) meta-analysis for colo-rectal cancer 

incidence and dietary glycaemic load women only 

Model   Pooled RR estimate
1 

 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 9 0.96 (0.88-1.04) -0.94 (p=0.347) 
1
 I

2
 = 45.08% (95% CI 0.00-74.58%); p for test of heterogeneity = 0.068 

2
 No. of RR estimates included in pooled analysis. 

 

356. All meta-analyses gave similar results: for either the highest compared with the lowest 

quantile analysis or the per unit analysis for dietary glycaemic index or glycaemic 

load, and there was no difference in the incidence of colo-rectal cancer, whether in all 

subjects or in women only.  

 

357. Several studies indicated that they had performed subgroup analyses based on strata 

of BMI categories.  One study observed positive associations between glycaemic 

index and glycaemic load intake and colo-rectal cancer risk among participants with 

an above-normal BMI (McCarl et al., 2006), while another reported associations to be 

slightly stronger among men with elevated BMI, but not women (Michaud et al., 
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2005).  Other studies, however, observed no associations in any BMI strata (Larsson 

et al., 2007; Weijenberg et al., 2008) and one study detected an inverse association 

between glycaemic index or glycaemic load intake and colorectal cancer risk among 

sedentary overweight individuals (Strayer et al., 2007).    
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Table 98. Adjusted relative risk ratios for the highest compared with the lowest quintile of glycaemic index and glycaemic load intake and colo-rectal cancer risk 

Study  Sex 

GI 

reference 

table 

GI value 

reference 

food 

Glycaemic index Glycaemic load Reported association 

 
   

GI/d 

comparison 
CRC RR≠ CC RR RC RR 

CRC 

P for 

trend 

CC P 

for 

trend 

RC P 

for 

trend 

GL g/d 

comparison 
CRC RR CC RR RC RR 

CRC 

P for 

trend 

CC P 

for 

trend 

RC P 

for 

trend 

 

Terry et al., 

2003 

Women Foster-

Powell, 

2002 

NR        Q1 82 vs Q5 

217 

1.05 

(0.73-

1.53) 

0.95 

(0.61-

1.50) 

1.34 

(0.70-

2.58) 

0.94 0.49 0.31 No association observed 

Higginbottom 

et al., 2004 

Women  Foster-

Powell, 

1995 § 

glucose Q1 49 vs Q5 

57 **** 

1.71 

(0.98-

2.98) 

  0.05    Q1 92 vs Q5 

143 

2.85 

(1.40-

5.80) 

  0.004   Positive association 

observed for GI and GL 

Michaud et 

al., 2005 

Women  Foster-

Powell, 

1995 

white 

bread 

Q1 65 vs Q5 

81 *** 

1.08 

(0.87-

1.34) 

1.06 

(0.83-

1.36) 

1.14 

(0.73-

1.78) 

0.27 0.29 0.70 Q1 80 vs Q5 

167 

0.89 

(0.71-

1.11) 

0.89 

(0.69-

1.15) 

0.87 

(0.52-

1.44) 

0.15 0.11 0.95 Positive association 

observed for GI in men, 

but not for GL and not in 

women  Men   Q1 69 vs Q5 

82 *** 

1.14 

(0.88-

1.48) 

1.13 

(0.84-

1.51) 

1.21 

(0.68-

2.15) 

0.33 0.40 0.65 Q1 131 vs 

Q5 223 

1.32 

(0.98-

1.79) 

1.25 

(0.88-

1.25) 

1.61 

(0.82-

3.17) 

0.04 0.11 0.17 

McCarl et al., 

2006 

Women  Foster-

Powell, 

2002 

NR Q1 <81 vs 

Q5 >89 ** 

1.08 

(0.88-

1.32) 

1.10  

(0.88-

1.37), 

0.82  

(0.49-

1.40) 

0.15   Q1 <146 vs 

Q5 >193 

1.09 

(0.88-

1.35) 

1.10 

 (0.86-

1.40), 

1.02 

 (0.64-

1.63), 

0.33   No overall association 

observed, but among 

obese women (BMI 30 

kg/m2 or more) a positive 

association observed for 

GI, but not GL 

Larsson et 

al., 2007 

Women  Foster-

Powell, 

2002 

white 

bread 

Q1 <76 vs 

Q5 >83 ** 

1.00 

(0.75-

1.33) 

0.84 

(0.60-

1.18) 

1.32 

(0.80-

2.17) 

0.55 0.21 0.62 Q1 <164 vs 

Q5 >200 

1.06 

(0.81-

1.39) 

0.97 

(0.70-

1.32) 

1.2 

(0.74-

1.95) 

0.78 0.66 0.45 No association observed  

Strayer et al., 

2007 

Women   Foster-

Powell, 

2002 

glucose Q1 <45 vs 

Q5 >52 ** 

0.75 

(0.56-

1.00) 

  0.03   Q1 <55 vs 

Q5 >80 

0.91 

(0.70-

1.20) 

  0.32   Inverse association 

observed for GI, but not 

GL 

Howarth et 

al., 2008 

Women Foster-

Powell, 

2002; 

Brand-

Miller et 

al, 2003 

glucose        Q1 <133.9 

vs Q5 

≥156.9 

0.75 

(0.57-

0.97) 

0.77 

(0.57-

1.04) 

0.70 

(0.39-

1.25) 

0.02 0.04 0.30 Inverse association 

observed for GI in 

women, but not for GL 

or in men  Men          Q1 <130.5 

vs Q5 

≥188.5  

1.15 

(0.89-

1.48) 

1.22 

(0.90-

1.65) 

0.97 

(0.60-

1.56) 

0.19 0.08 0.69 

Weijenberg et 

al., 2008 

Women Foster-

Powell, 

2002 

glucose Q1 53 vs Q5 

61 *** 

1.20 

(0.85-

1.67) 

1.34 

(0.91-

1.96) 

1.01 

(0.52-

1.98) 

0.53 0.22 0.81 Q1 82 vs Q5 

123 

1.00 

(0.73-

1.36) 

1.13 

(0.79-

1.60) 

0.79 

(0.43-

1.43) 

0.81 0.32 0.44 No association observed 

with CRC, but for CC an 

inverse association 

observed with GI in men, 

while in women there 

was a trend towards a 

positive association 

 Men   Q1 56 vs Q5 

64 *** 

0.81 

(0.61-

1.08) 

0.64 

(0.46-

0.89) 

1.38 

(0.92-

2.08) 

0.27 0.01 0.08 Q1 108 vs 

Q5 165 

0.83 

(0.64-

1.08) 

0.72 

(0.51-

1.00) 

1.01 

(0.68-

1.51) 

0.37 0.10 0.37 

George et al., 

2009 

Women Foster-

Powell, 

2002 

glucose Q1 48.8 vs 

Q5 58.2 *** 

1.16 (0.98-

1.37) 

  0.026   Q1 54.1 vs 

Q5 163.9 

0.87 (0.64-

1.18) 

  0.416   Positive association 

observed for GI, but no 

association observed 

with GL  Men   Q1 49.6 vs 

Q5 58.5 *** 

1.16 (1.04-

1.30) 

  0.007   Q1 68 vs Q5 

197.2 

0.88 (0.72-

1.08) 

  0.346   

≠ Risk ratio or Hazards ratio (95% confidence interval); § and the Nutrition Center of the University of Toronto values; PCC, proximal colon cancer; DCC, distal colon cancer; NR, not reported, y, year; d, day; FFQ, food frequency questionnaire; Q, quantile; CRC, colo-

rectal cancer; CC colon cancer; RC rectal cancer. GI values obtained from published tables (Foster-Powell & Miller, 1995; Foster-Powell et al., 2002; Brand-Miller et al., 2003). 

* no quantile exposure data reported; ** quantile exposure data reported as ranges; *** quantile exposure data reported as median values; **** quantile exposure data reported as mean values 
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Figure 22. Forest plot of the highest compared with the lowest quantile of glycaemic index and colorectal cancer risk 

Author (year)

Higginbottom (2004)

Michaud (2005)

Michaud (2005)

McCarl (2006)

Larsson (2007)

Strayer (2007)

Weijenberg (2008)

George (2009)

Synthesis

Weight %

3.26%

13.62%

10.87%

14.6%

9.54%

9.38%

13.5%

25.21%

100%

Sex

Women

Women

Men

Women

Women

Women  

Mixed

Mixed

RR (95% CI)

1.71 (0.98; 2.98)

1.08 (0.87; 1.34)

1.14 (0.88; 1.48)

1.08 (0.88; 1.32)

1.00 (0.75; 1.33)

0.75 (0.56; 1.00)

0.95 (0.76; 1.18)

1.16 (1.06; 1.27)

1.06 (0.95; 1.18)

0.5 1 2 4

RR
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Figure 23. Forest plot of the highest compared with the lowest quantile of glycaemic load and colorectal cancer risk 

Author (year)

Terry (2003)

Higginbottom (2004)

Michaud (2005)

Michaud (2005)

McCarl (2006)

Larsson (2007)

Strayer (2007)

Howarth (2008)

Weijenberg (2008)

George (2009)

Synthesis

Weight %

6.28%

2.15%

11.52%

8.28%

12%

9.44%

9.46%

13.64%

12.73%

14.5%

100%

Sex

Women

Women

Women

Men

Women

Women

Women  

Mixed

Mixed

Mixed

RR (95% CI)

1.05 (0.73; 1.52)

2.85 (1.40; 5.8)

0.89 (0.71; 1.11)

1.32 (0.98; 1.78)

1.09 (0.88; 1.35)

1.06 (0.81; 1.39)

0.91 (0.70; 1.19)

0.94 (0.78; 1.13)

0.90 (0.73; 1.10)

0.88 (0.74; 1.04)

1.00 (0.90; 1.12)

0.5 1 2 4 8

RR
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Figure 24.  Forest plot of per unit (10 glycaemic index units/day) meta-analysis for colo-rectal cancer incidence and dietary glycaemic index 

Author (year)

Higginbottom (2004)

Michaud (2005)

Michaud (2005)

McCarl (2006)

Larsson (2007)

Strayer (2007)

Weijenberg (2008)

George (2009)

Synthesis

Weight %

2.92%

18.55%

12.85%

14.77%

9.47%

11.02%

9.4%

21.02%

100%

Sex

Women

Women

Men

Women

Women

Women  

Mixed

Mixed

RR (95% CI)

1.63 (0.97; 2.74)

1.06 (0.94; 1.20)

1.10 (0.91; 1.33)

1.12 (0.95; 1.32)

0.95 (0.74; 1.21)

0.82 (0.66; 1.02)

0.96 (0.75; 1.23)

1.19 (1.08; 1.31)

1.06 (0.97; 1.17)

0.5 1 2 4

RR
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Figure 25.  Forest plot of per unit (50 glycaemic load units /day) meta-analysis for colo-rectal cancer incidence and dietary glycaemic load 

Author (year)

Terry (2003)

Higginbottom (2004)

Michaud (2005)

Michaud (2005)

McCarl (2006)

Larsson (2007)

Strayer (2007)

Howarth (2008)

Weijenberg (2008)

George (2009)

Synthesis

Weight %

11.75%

1.29%

13.76%

11.33%

10.85%

5.93%

4.47%

13.68%

8.91%

18.03%

100%

Sex

Women

Women

Women

Men

Women

Women

Women  

Mixed

Mixed

Mixed

RR (95% CI)

0.96 (0.84; 1.10)

2.29 (1.24; 4.23)

0.92 (0.82; 1.03)

1.20 (1.04; 1.39)

1.08 (0.93; 1.26)

0.99 (0.77; 1.27)

0.87 (0.64; 1.18)

1.00 (0.89; 1.12)

0.92 (0.77; 1.10)

0.94 (0.88; 1.00)

1.00 (0.93; 1.07)

0.5 1 2 4 8

RR
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358. Four studies reported on colon cancer incidence in relation to dietary glycaemic index 

(see Table 98).  The four studies included provided five risk estimates.  The results of 

the highest quantile compared with lowest quantile meta-analysis have been 

summarised in Table 99.  The results of the per unit meta-analysis have been 

summarised in Table 100. 

 

359. Six studies reported on colon cancer incidence in relation to dietary glycaemic load 

(see Table 98).  The six studies included provided seven risk estimates.  The results of 

the highest quantile compared with lowest quantile meta-analysis have been 

summarised in Table 101.  The results of the per unit meta-analysis have been 

summarised in Table 102. 

 

360. Four studies reported on rectal cancer incidence in relation to dietary glycaemic index 

(see Table 98).  The four studies included provided five risk estimates.  The results of 

the highest quantile compared with lowest quantile meta-analysis have been 

summarised in Table 103. The results of the per unit meta-analysis have been 

summarised in Table 104. 

 

361. Six studies reported on rectal cancer incidence in relation to dietary glycaemic load 

(see Table 98).  The six studies included provided seven risk estimates.  The results of 

the highest quantile compared with lowest quantile meta-analysis have been 

summarised in Table 105. The results of the per unit meta-analysis have been 

summarised in Table 106. 

  

362. Heterogeneity was not significant for either the colon or rectal cancer analyses.  Tests 

for publication bias (Egger’s linear regression test) were not significant.  Overall, 

there were no significant differences observed for the highest compared with the 

lowest quantile analyses or the per unit analyses of dietary glycaemic index or 

glycaemic load intake in relation to the incidence of colon or rectal.   

 
Table 99. Results of highest quantile compared with lowest quantile meta-analysis for colon cancer 

incidence and dietary glycaemic index 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 5 1.01 (0.90-1.13) 0.16 (p=0.875) 
1
 I

2
 = 0.00% (95% CI 0.00-79.20%); p for test of heterogeneity = 0.454 

2
 No. of RR estimates included in pooled analysis. 

 
Table 100. Results of per unit (10 glycaemic index units /day) meta-analysis for colon cancer incidence 

and dietary glycaemic index 

Model  Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 5 1.04 (0.93-1.15) 0.67 (p=0.505) 
1
 I

2
 = 23.49% (95% CI 0.00-84.09%); p for test of heterogeneity = 0.265 

2
 No. of RR estimates included in pooled analysis. 
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Table 101. Results of highest quantile compared with lowest quantile meta-analysis for colon cancer 

incidence and dietary glycaemic load 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 7 1.02 (0.91-1.14) 0.37 (p=0.712) 
1
 I

2
 = 26.19% (95% CI 0.00-67.87%); p for test of heterogeneity = 0.229 

2
 No. of RR estimates included in pooled analysis. 

 
Table 102. Results of per unit (50 glycaemic load units /day) meta-analysis for colo-rectal cancer 

incidence and dietary glycaemic load 

Model  Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 7 0.98 (0.90-1.07) -0.36 (p=0.717) 
1
 I

2
 = 44.35% (95% CI 0.00-76.58%); p for test of heterogeneity = 0.095 

2
 No. of RR estimates included in pooled analysis. 

 

 
Table 103. Results of highest quantile compared with lowest quantile meta-analysis for rectal cancer 

incidence and dietary glycaemic index 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 5 1.16 (0.95-1.42) 1.45 (p=0.148) 
1
 I

2
 = 0.00% (95% CI 0.00-79.20%); p for test of heterogeneity = 0.695 

2
 No. of RR estimates included in pooled analysis. 

 
Table 104. Results of per unit (10 glycaemic index units /day) meta-analysis for rectal cancer incidence 

and dietary glycaemic index 

Model  Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 5 1.07 (0.91-1.25) -0.77 (p=0.441) 
1
 I

2
 = 0.00% (95% CI 0.00-79.20%); p for test of heterogeneity = 0.787 

2
 No. of RR estimates included in pooled analysis. 

 
Table 105. Results of highest quantile compared with lowest quantile meta-analysis for rectal cancer 

incidence and dietary glycaemic load 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 7 1.01 (0.85-1.201) 0.10 (p=0.923) 
1
 I

2
 = 0.00% (95% CI 0.00-70.81%); p for test of heterogeneity = 0.624 

2
 No. of RR estimates included in pooled analysis. 

 
Table 106. Results of per unit (50 glycaemic load units /day) meta-analysis for rectal cancer incidence 

and dietary glycaemic load 

Model  Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 7 1.06 (0.95-1.19) 1.12 (p=0.265) 
1
 I

2
 = 0.00% (95% CI 0.00-70.81%); p for test of heterogeneity = 0.815 

2
 No. of RR estimates included in pooled analysis. 
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Summary 

 

363. There was no difference in the incidence of colo-rectal cancer in relation to total 

carbohydrate intake, dietary glycaemic index or load.  For sugar and starch intake in 

relation to colo-rectal cancer risk, the evidence was contradictory and inconsistent, 

suggesting no association between dietary starch or sugar intake and risk of colo-

rectal cancer. 

 

364. Many studies reported on several carbohydrate components in relation to incidence of 

colo-rectal cancer.  In general, any association or lack of association observed with 

colo-rectal cancer risk was usually mirrored in the other components studied, i.e. 

glycaemic index or load, sugar intake and total carbohydrate intake.  For example, 

studies finding positive associations between glycaemic index or load and colo-rectal 

cancer risk usually observed positive associations with either sugar intake or total 

carbohydrate intake and colo-rectal cancer risk (Higginbotham et al., 2004; Michaud 

et al., 2005); studies finding negative associations with glycaemic index or load and 

colo-rectal cancer risk usually observed negative associations with either sugar intake 

or total carbohydrate intake and colo-rectal cancer risk (Strayer et al., 2007; Howarth 

et al., 2008); and studies finding no association usually observed no associations with 

either sugar intake or total carbohydrate intake and colo-rectal cancer risk (Terry et 

al., 2003; Weijenberg et al., 2008). 
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Randomised controlled trials investigating risk of colo-rectal adenoma in 

relation to carbohydrate interventions 

 

365. Seven randomised controlled trials were identified in which an effect of carbohydrate, 

either alone or as part of a mixed intervention, on risk of colo-rectal adenoma was 

investigated (McKeown-Eyssen et al., 1994; MacLennan et al., 1995; Alberts et al., 

2000; Bonithon-Kopp et al., 2000; Schatzkin et al., 2000; Ishikawa et al., 2005; Burn 

et al., 2008).  A further five articles were identified that described additional analyses 

of these trials (Maclennan et al., 1999; Jacobs et al., 2002; Jacobs et al., 2006; Lanza 

et al., 2007; Sansbury et al., 2009).  

Trial design 

 

366. A summary of trial design has been given in Table 107.  Two of the seven trials solely 

used a carbohydrate intervention: one used psyllium (Bonithon-Kopp et al., 2000) and 

the other wheat bran (Alberts et al., 2000).  Of the other five trials, two used mixed 

interventions (McKeown-Eyssen et al., 1994; Schatzkin et al., 2000), while the three 

others used a factorial design including a non-carbohydrate intervention (MacLennan 

et al., 1995; Ishikawa et al., 2005; Burn et al., 2008).  The two mixed intervention 

trials examined the effect of a diet low in fat and high in dietary fibre (McKeown-

Eyssen et al., 1994; Schatzkin et al., 2000).  Six of the trials used a dietary fibre 

intervention, while one used resistant starch (Burn et al., 2008). 

 

367. Six of the trials were conducted in patients who had received polypectomy of 

adenomas, but one was in patients with a genetic defect that confers a predisposition 

to colo-rectal cancer: hereditary nonpolyposis colon cancer (Lynch syndrome) (Burn 

et al., 2008) which results from an autosomal dominant mismatch-repair mutation.  

Hereditary nonpolyposis colorectal cancer (Lynch Syndrome) accounts for between 3-

5% of the incidence of colo-rectal cancer, while familial adenomatous polyposis is 

thought to contribute less than 1% of the incidence; most cases of colo-rectal cancer 

(about 85%) were considered sporadic (Half et al., 2009).   

 

368. The duration of trials varied from two to four years and sample size varied from 165 

(McKeown-Eyssen et al., 1994) to 1905 for the Polyp Prevention Trial (Schatzkin et 

al., 2000).  All trials were in mixed sex populations. 

 

369. Two trials were multicentre trials (Bonithon-Kopp et al., 2000; Burn et al., 2008).  All 

trials assessed dietary intakes, with most using three- or four-day food records.  Only 

one reported the method used to determine dietary fibre intakes (McKeown-Eyssen et 

al., 1994), while one reported the method used to determine resistant starch intakes 

(Burn et al., 2008). 

 

370. The funding sources for all trials were Governmental, while two trials also incuded 

some Commercial sources; all trials reported funding sources. 
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Table 107. Trial design 

Author  
Trial 

design 
Cohort Country 

Age 

(y) 

Patient 

characteristics 

prior to 

randomization 

Duration 

(y) 

Cohort 

size 

Dietary 

assessment 

method 

Intervention Control intervention Funding source 

McKeown-

Eyssen, 

1994 

Parallel 

Toronto 

polyp 

prevention 

trial 

Canada 
mean 

58 

Patients who 

received 

polypectomy for 

at least one 

adenoma 

2 165 
4-d food 

records 

Diet low in fat (less than 25% 

of energy) and high in fibre 

(30-35 g/d; including wheat 

bran snack product) 

Normal diet with low 

fibre snack product  

Ludwig Institute for Cancer 

Research, Canada 

MacLennan, 

1995 

Factoria

l 

Australian 

Polyp 

Prevention 

Trial 

Australia 

Mean 

56 

(30-

74) 

Patients who 

received 

polypectomy for 

at least one 

adenoma 

2 and 4 

390 at  

2yrs; 

306 at 

4yrs 

FFQ and 4-d 

food record 

25g/d raw wheat bran (11g/d 

dietary fibre) with or without a 

low fat diet or beta carotene 

(20mg/d) 

Normal diet  or low 

fat diet with or 

without beta carotene 

(20mg/d) 

Australian National Health and 

Medical Research Council, 

regional Cancer Funds, Meat 

Research Corporation and 

Kellogg Company Ltd. 

Alberts, 

2000 
Parallel 

Wheat Bran 

Fiber Trial 
USA 40-80 

Patients who 

received 

polypectomy for 

at least one 

adenoma of 3mm 

diameter or more 

3 1303 FFQ   
Wheat bran fibre supplement 

(13.5 g/d dietary fibre) 

Low-fibre supplement 

(2g/d)  

National Cancer Institute, USA, 

Kellogg Company Ltd 

Bonithon-

Kopp, 2000 
Parallel 

European 

Cancer 

Prevention 

Organisation 

Intervention 

Study 

Belgium, 

Denmark, 

France, 

Germany, 

Ireland, Israel, 

Italy, Portugal, 

Spain, UK 

mean 

59 

(35-

75) 

Patients who 

received 

polypectomy for 

at least 2 

adenomas or 1 

adenoma of 5mm 

diameter or more 

3 376 
Diet history 

questionnaire 
3.5g /d psyllium - one  sachet Placebo 

Europe Against Cancer 

Programme and National 

funding agencies 

Schatzkin, 

2000 
Parallel 

Polyp 

Prevention 

Trial 

USA 

mean 

61 

(≥35) 

Patients who 

received 

polypectomy for 

at least one 

adenoma 

median 3  1905 

4-d food 

records, 

followed by  

FFQ 

Diet low in fat (24% total 

energy) and high in fibre (17.4 

g of dietary fiber per 1000 

kcal), fruits, and vegetables 

(3.4 servings per 1000 kcal) 

Normal diet: dietary 

fibre  (10.0g/1000 

kcal) ;  fruits, and 

vegetables (2.2 

servings per 1000 

kcal); fat (34% 

energy) 

National Cancer Institute, USA 

Ishikawa, 

2005 

Factoria

l 

Osaka polyp 

prevention 

trial 

Japan 

mean 

55 

(40-

65) 

Patients who 

received 

polypectomy for 

at least 2 

colorectal tumours 

(adenomas and or 

early cancers) 

4 (split 

into two 2 

year 

periods: 0-

2 years; 

and  2- 4 

years) 

284 
3-d food 

record 

7.5g/d wheat bran with or 

without Lactobacillus casei 

preparation 

No treatment or 

Lactobacillus casei 

preparation 

Ministry of Health, Labor and 

Welfare, Japan 

Burn, 2008 
Factoria

l 

Colorectal 

Adenoma/ 

Carcinoma 

Prevention 

Programme 2 

Americas, 

southern 

Europe (the 

Iberian 

Peninsula and 

Italy), northern 

Europe, South 

Africa, the UK, 

Australia and 

Hong Kong 

mean 

44 

(25-

78) 

Lynch syndrome 

patients 

 

mean 29 

months 

(range, 7 

to 74 

months) 

727 

4-d diet 

record in 

subgroup of 

100 UK 

participants 

only 

13.2g/d resistant starch – 

granular and non-granular, 

with or without aspirin 

Placebo with or 

without aspirin 

Bayer; UK Medical Research 

Council; Cancer Research UK; 

European Union; Cancer 

Council Victoria (Australia); 

Technology and Human 

Resources for Industry 

Programme – South Africa; 

Finnish Cancer Foundation. 

NR, not reported; y, year; d, day 
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Risk of bias 

 

371. A summary of the risk of bias assessment has been given in Table 108. 

 
Table 108. Risk of bias assessment 

Study Randomisation Sequence generation 
Allocation 

concealment 
Blinding  

Incomplete outcome 

data  

Dropouts 

(%) 

McKeown-

Eyssen, 

1994 

Yes NR NR Open 
Analysed on intention 

to treat basis 
17.9 

MacLennan, 

1995 
Yes Computer generated NR 

Open to patients, but 

personnel and assessors 

blind 

Analysed on intention 

to treat basis 
5.1 

Alberts, 

2000 
Yes NR NR 

Participants personnel 

and assessors blind 

Analysed on intention 

to treat basis 
8.8 

Bonithon-

Kopp, 2000 
Yes NR NR 

Participants personnel 

and assessors blind 

Analysed on intention 

to treat basis 
15.9 

Schatzkin, 

2000 
Yes Computer generated NR 

Open to patients and  

personnel, but assessors 

blind 

Analysed on intention 

to treat basis 
8.4 

Ishikawa, 

2005 
Yes NR NR 

Open to patients and  

personnel. Only 

histological analysts 

blind. 

Analysed on intention 

to treat basis 
5.0 

Burn, 2008 Yes Computer generated NR 
Participants personnel 

and assessors blind 

Analysed on intention 

to treat basis 
21.0 

NR, not reported 

  

372. All trials reported being randomised.  Allocation concealment was not reported in any 

of the trials.  The drop-out rate ranged from 4.5-21%, but missing outcome data were 

generally balanced in numbers across intervention groups, with similar reasons for 

missing data across groups.  All trials conducted data analysis on the basis of 

intention-to-treat.   

 

373. One trial was open and not blind (McKeown-Eyssen et al., 1994), while three were 

open to patients, but the clinical assessors were blind (MacLennan et al., 1995; 

Schatzkin et al., 2000; Ishikawa et al., 2005).  These trials involved wheat bran 

interventions and dietary modifications such as reducing fat intake or increasing fruit 

and vegetable intakes. In the other trials participants, personnel and assessors were 

blind. Overall the risk of bias appeared low for these trials.   
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Results 

 

374. The trial findings have been summarised in Table 109.  Data were given for the 

number of participants with and without adenomas at trial completion, and the 

reported risk assessment. The different nature of the interventions means the trials 

were insufficiently comparable to allow a quantitative synthesis of the results.   

 
Table 109. Trial results  

Study 

Control 

adenoma 

cases/subject 

number (%) 

Intervention 

adenoma 

cases/subject 

number (%) 

Risk for the  presence of at 

least one adenoma (95% 

CI) 

Adjustments Results 

McKeown-

Eyssen, 

1994 

16/87 (18.4%) 17/78 (21.8%) 
incidence ratio = 1.2 (0.6-

2.2) 
unadjusted 

No effect on recurrence observed, but 

sex specific analyses showed LFHF men 

RR=1.6 (0.7-3.6), while for women 

RR=0.7 (0.3-2.0) 

MacLennan, 

1995 
41/197 (20.8) * 45/193 (23.3) OR = 1.5 (0.9-2.4)  

number of adenomas 

at entry colonoscopy, 

number of adenomas 

prior to study entry 

and history of colon 

cancer in first degree 

relatives 

No effect on recurrence observed, but 

recurrence of large adenomas ≥10mm 

tended to be lower in the bran group, 

which became significant when in 

conjunction with a low fat diet 

 46/156 (29.5) ** 49/150 (32.7) OR = 1.5 (0.9-2.5) 

Alberts, 

2000 
299/584 (51.2) 338/719 (47.0) OR = 0.88 (0.70-1.11)  

randomization 

scheme 

No effect on recurrence observed.  RR of 

recurrence according to the number of 

adenomas was 0.99 (0.71 to 1.36) 

Bonithon-

Kopp, 2000 
36/178 (20.2) 58/198(29.3)  OR = 1.67 (1.01-2.76) 

age, sex, adenoma 

history, and number 

and location of 

adenomas 

The risk of recurrence was increased in 

patients receiving the fibre treatment 

Schatzkin, 

2000 
374/947 (39.5) 380/958 (39.7) RR = 1.00 (0.90-1.12) 

Unadjusted 

(adjustments showed 

no effect) 

No effect on recurrence observed 

Ishikawa, 

2005 

0-2 years:  

106/189 (56.1) 

2-4 years: 

93/189(49.2) 

0-2 years:  

119/191 (62.3) 

2-4 years:  

106/191 (55.5) 

0-2 years:  

OR = 1.31 (0.87-1.98)  

2-4 years:  

OR = 1.31 (0.87-1.97) 

age, sex and 

Lactobacillus group. 

No effect on recurrence observed. 

Higher number of adenomas ≥3mm (but 

not ≥4mm or ≥10mm) were seen in the 

wheat bran group for  2 to 4 year period 

(OR=1.57 (1.04-2.37), but not for 

baseline to 2 year period 

(OR=1.14(0.76-1.72). 

Burn, 2008 68/369 (18.4) 67/358 (18.7) OR = 1.0 (0.7-1.4). unadjusted No effect on occurrence observed 

OR, odds ratio; RR, risk ratio; NR, not reported; * 2 year follow-up; ** 4 year follow-up 

 

375. Two trials examined the effect of a diet low in fat and high in dietary fibre (LFHF) on 

adenoma recurrence (McKeown-Eyssen et al., 1994; Schatzkin et al., 2000).  In the 

smaller of these trials (McKeown-Eyssen et al., 1994), 21.8% of the 78 subjects 

assigned to the LFHF group had at least one pathologically confirmed neoplastic 

polyp, while the percentage was 18.4% among the 87 persons assigned to the normal 

diet  group; the corresponding incidence rate showed no difference: 1.2 (95% CI: 0.6-

2.2).  Patterns of recurrence were different for men and women. In men, the 

cumulative incidence of neoplastic polyps indicated a trend towards a higher 

recurrence in those assigned to the LFHF group: 1.6 (95% CI 0.7-3.6).  In women, 

however, the RR indicated a trend towards a lower recurrence: 0.7 (95% CI: 0.3-2.0).  

 

376. The effect of a comprehensive dietary intervention – counselling of patients and 

assignment to a diet low in fat and high in dietary fibre, fruits, and vegetables – on the 

recurrence of large-bowel adenomas was investigated in the Polyp Prevention Trial 

(Schatzkin et al., 2000).  At least one recurrent adenoma was reported in 39.7% of the 

958 subjects in the intervention group and 39.5% of the 947 subjects in the control 

group; the unadjusted risk ratio showed no difference between groups: 1.00 (95% CI: 

0.90-1.12; p=0.98). Among men, the recurrence rate tended to be lower in the 

intervention group than in the control group; risk ratio =0.89 (95% CI: 0.79-1.02). 
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Among women, the rate of recurrence tended to be higher in the intervention group 

than in the control group (risk ratio =1.30 [95% CI: 1.04-1.63]). No significant 

differences between groups were reported for proximal adenomas (RR=1.16; 95% CI: 

0.97-1.39), large adenomas (>1 cm) (RR=0.88; 95% CI: 0.60-1.28), or advanced 

adenomas (RR= 0.90; 95% CI: 0.64-1.26). 

 

377. Three trials have investigated the effect of wheat bran supplement on adenoma 

recurrence (MacLennan et al., 1995; Alberts et al., 2000; Ishikawa et al., 2005).  The 

largest of these, the Wheat Bran Fiber Trial (Alberts et al., 2000), reported no 

association between wheat-bran fibre supplementation and recurrence of colorectal 

adenomas.  The odds ratio for the presence of at least one recurrent adenoma in the 

high-fibre group (13.5 g/day) as compared with the low-fibre group (2 g/day), 

adjusted for randomisation scheme, was 1.04 (95% CI 0.79-1.38) for a follow-up 

period starting after colonoscopy at 1 year. For a follow-up period starting after 

randomisation, the adjusted OR was 0.88 (0.70-1.11).  The relative risk of recurrent 

adenomas in the high-fibre group as compared with the low-fibre group was 1.08 

(0.71-1.64) for a follow-up period starting after colonoscopy at 1 year.  For a follow-

up period starting after randomisation, the adjusted RR was 0.99 (0.71-1.36). 

 

378. Three further studies analysed data from the Polyp Prevention trial (Schatzkin, et al., 

2000). A subsequent analysis of the Polyp Prevention Trial examined the risk of 

adenoma recurrence among participants who reported that they met or exceeded each 

of the three dietary goals at all four annual visits (210 of the 948 intervention 

participants) (Jacobs et al., 2002).  Multivariate logistic regression models were used 

to estimate the association between dietary adherence and adenoma recurrence.  

Adjustments were made for educational level; smoking status; waist-to-hip ratio; fat 

intake at baseline; intake of fibre, fruit and vegetables, and red and processed meats; 

ratio of red meat to chicken and fish; intake of legumes and cruciferous vegetables; 

calcium supplement use; intake of folate, total carotenoids, bran cereals, and 

supplemental vitamin E and time of colonoscopy.  A reduced risk for adenoma 

recurrence among participants who most adhered to the three dietary goals was 

observed compared with the control group (n=947) (odds ratio = 0.65, 95% CI 0.47-

0.92).  These findings suggested that high compliance with a low-fat, high-fibre diet 

may be associated with a reduced risk of adenoma recurrence. 

 

379. A continued follow-up study of a sub-cohort of the Polyp Prevention Trial was 

conducted for an additional four years (total eight years) (Lanza et al., 2007).  Of the 

1,905 Polyp Prevention Trial participants, confirmed colonoscopy reports were 

obtained on 801 participants (396 control; 405 intervention).  During the follow-up 

period, the intervention group participants had increased their fat intake and decreased 

their intakes of dietary fibre, fruits, and vegetables, but intake for each of the three 

dietary goals was different from the baseline diet and from that in the controls.  No 

effect of a low-fat, high-fiber, high-fruit- and -vegetable eating pattern on adenoma 

recurrence was observed.  The relative risks of recurrent adenoma in the intervention 

group compared with the control group was 0.98 (95% CI 0.88-1.09) and the relative 

risk for recurrence of an advanced adenoma (1.06; 95% CI 0.81-1.39) or multiple 

adenomas (0.92; 95% CI 0.77-1.10) were not different between intervention and 

control groups.   

 

380. A further sub-cohort analysis of the Polyp Prevention Trial assessed the adenoma risk 
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of participants who completed all four annual food frequency questionnaires and met 

a total of 9 to12 food frequency questionnaire goals over the trial period (Sansbury et 

al., 2009). These participants, defined as ‘super compliers’ (n = 210 out of 821 in the 

intervention group who finished the trial), had a reduced risk of adenoma recurrence 

(OR = 0.68; 95%CI 047, 0.98) as compared with the trial control group (n=947), in a 

multivariate model.  There was also nearly a 50% lower odds of multiple adenoma 

recurrence (OR =0.51; 95%CI 030, 0.89) and advanced adenoma recurrence (OR = 

0.44; 95%CI 018, 1.05) among the super compliers compared with controls, in a 

multivariate model.  These results suggested that consistent adherence to a low-fat, 

high-fibre, and high fruit and vegetable diet may have had some benefit in attempting 

to prevent recurrence of colorectal adenomas. 

  

381. A pooled analysis of the Wheat Bran Fiber Trial (Alberts et al., 2000) and the Polyp 

Prevention Trial (Schatzkin et al., 2000) included data from 3209 participants.  

Analysis using logistic regression models was used to examine the effect of a dietary 

intervention on colorectal adenoma recurrence as a whole, and by sex (Jacobs et al., 

2006).  The adjusted odds ratio for adenoma recurrence for those in the intervention 

group of either the Wheat Bran Fiber Trial or the Polyp Prevention Trial was not 

significant: 0.91 (95% CI: 0.78, 1.06). For men, the intervention was associated with 

reduced odds of recurrence with an odds ratio of 0.81 (95% CI: 0.67, 0.98); for 

women, no significant association was observed.  Adjustments were made for age, 

BMI, sex (for total population only), family history of colorectal cancer, dietary 

calcium, alcohol intake, study, history of previous polyps, number of colonoscopies, 

number of adenomas at baseline, largest adenoma at baseline, and location of 

adenomas at baseline. 

 

382. Two factorial trials reporting on the effect of a wheat bran supplement (MacLennan et 

al., 1995; Ishikawa et al., 2005) observed no effect on the recurrence of colorectal 

adenomas.  In one trial (Ishikawa et al., 2005), although no difference between groups 

on adenoma recurrence was observed (adjusted OR = 1.31; 0.87-1.98), a higher 

number of adenomas larger than 3mm were observed in the wheat bran group 

compared with the control group (adjusted OR=1.57; 1.04-2.37); however, no 

difference between groups was observed for risk of adenomas larger than 4mm or 

10mm. 

 

383. In the other trial (MacLennan et al., 1995), complete outcome data were collected 

from 390 subjects at 24 months and, in a follow-up trial, from 306 subjects at 48 

months.  After 24 months of follow-up the adjusted OR for recurrence of adenomas of 

any size was 1.5 (95% CI: 0.9-2.4).  For adenoma larger than 10mm the adjusted OR 

was 0.8 (95% CI: 0.3-2.2) and for adenomas with moderate or severe dysplasia the 

adjusted OR was 0.6 (95% CI: 0.2-1.6).  After 48 months of follow-up, these adjusted 

ORs were 1.5 (95% CI: 0.9-2.5), 0.8 (95% CI: 0.3-2.5), and 0.7 (95% CI: 0.2-2.0), 

respectively.  In a subsequent analysis examining sex-specific risk (Maclennan et al., 

1999) men tended to have an increased risk for adenoma recurrence with bran 

supplementation, but none of the analyses for women or men at 2 year or 4 year 

follow-ups were significant.  When analyses were performed in relation to the degree 

of subject compliance to the intervention, no difference was observed. 

  

384. One parallel trial investigated the effect of psyllium (3.5g/d) on the recurrence of 

colorectal adenomas (Bonithon-Kopp et al., 2000).  An adverse effect on adenoma 
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recurrence was observed: 29.3% of the 198 patients assigned to the psyllium group 

had at least one pathologically confirmed neoplastic polyp while the percentage was 

20.2% among the 178 patients assigned to the control group (OR=1.67; 95% CI: 1.01-

2.76).  There was no significant interaction between the treatment effects and sex, 

history of adenomas, or characteristics of adenomas at inclusion.  The adverse effect 

of fibre treatment was stronger in patients with a baseline dietary calcium intake 

above the median (OR=2.81; 95% CI: 1.33-5.92) than in patients with dietary calcium 

intake below the median (OR=1.04; 95% CI: 0.49-2.18); p for interaction =0.028). 

Baseline dietary fibre and dietary fat intake did not modify the effect of supplemental 

fibre.  Among patients who completed dietary assessment at both, initial and final 

examination, the adjusted OR for adenoma recurrence was 2.24 (95% CI: 1.24, 4.03). 

Further adjustments for three-year changes in dietary intake of total calories, calcium, 

and fibre did not change the effects of fibre treatment on adenoma recurrence 

(OR=2.27; 95% CI: 1.25-4.11). The adjusted OR for adenomas with a diameter of 0.5 

mm or larger was 1.86 (95% CI: 0.99-3.50).  The adjusted OR for recurrence on the 

left colo-rectum was 1.70 (95% CI: 0.95-3.00) and the OR for the right colo-rectum 

was 1.39 (95% CI: 0.72-2.68). 

 

385. One factorial trial examined the effect of resistant starch (mean intake 13.2g/day) on 

adenoma recurrence among adults with the Lynch syndrome (Burn et al., 2008).  No 

effect was observed: 18.7% of the 358 patients assigned to the resistant starch group 

had at least one pathologically confirmed neoplastic polyp while the percentage was 

18.4%. among the 369 patients assigned to the control group (OR= 1.0; 95% CI: 0.7-

1.4).  It has been suggested that resistant-starch consumption in the trial was 

insufficient to affect the colonic production of short-chain fatty acids, and hence risk 

of neoplasia (Topping et al., 2009).  In response, the authors stated that the 30 g/day 

of resistant starch (Novelose) used in the trial may have delivered more than 13.2 g of 

resistant starch, which in addition to the estimate of 4.1 g/day in the typical European 

diet, gave an estimated total of 17.3 g/day on average.  The dose used was thought to 

be as much as participants were able to add to their diet for up to four years, and the 

slightly higher number of withdrawals in the resistant starch group was attributable to 

symptoms of bloating, suggesting the dose produced physiological effects (Bishop et 

al., 2009). 

Summary 

 

386. Overall, trials investigating an effect of dietary fibre supplementation on the 

recurrence of colorectal adenomas have not demonstrated any effect.  One trial, 

however, using a single sachet of psyllium per day (3.5g/day) demonstrated an 

adverse effect on adenoma recurrence (Bonithon-Kopp et al., 2000).  A potential 

reason for the observed lack of effect in most dietary intervention trials may be low 

complicance with the intervention among participants (Sansbury et al., 2009). The 

design of these trials, also, may limit their interpretation, e.g. adenoma recurrence 

may not be an appropriate end point to investigate an effect of dietary factors on colo-

rectal cancer risk.   

 

387. Most of the adenoma recurrence trials have lasted three to four years, whereas colo-

rectal carcinogenesis in humans has been estimated to take 10 to 40 years (Kinzler & 

Vogelstein, 1996).  A dietary intervention could affect different stages of adenoma 

progression to cancer: (a) initial appearance, (b) growth, or (c) transformation into 
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carcinoma.  If diet affects early events in the neoplastic process, such as the initial 

growth of an adenoma, intervention effects might not emerge during the short 

duration of the trial.  A large body of evidence suggests that adenomatous polyps are 

the precursor for most colorectal cancers (Kinzler & Vogelstein, 1996), but the 

adenoma is not a reliable surrogate, as only a small proportion of adenomas progress 

to invasive cancer (Schatzkin & Gail, 2002).  Another shortcoming of adenoma 

recurrence trials is that the majority of recurrent adenomas are small (<1 cm), tubular 

adenomas with low-grade dysplasia that are thought to have less potential of 

proceeding to cancer compared with advanced adenomas.   
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Appendix 1.  Search terms  

Carbohydrate exposure search terms 

 

General carbohydrate terms: exploded Emtree terms “CARBOHYDRATE DIET” OR 

“CARBOHYDRATE INTAKE” OR “STARCH” OR “Polysaccharides” OR 

“oligosaccharides” OR “pasta” OR exploded MeSH terms “DIETARY 

CARBOHYDRATES” OR “STARCH” OR” Polysaccharide” OR “oligosaccharides” OR 

CINAHL exploded “DIETARY CARBOHYDRATES” OR “Polysaccharide” OR  

“oligosaccharides” OR free-text terms “carbohydrate*” OR “starch*” OR 

“polysaccharide*” oligosaccharide* OR "refined grain" OR . ("cake*" OR "biscuit*" OR 

"cookie*" OR "confectionery") AND ("diet" OR "intake") 

 

Sugars terms: exploded Emtree terms “SUGAR INTAKE” OR “SUCROSE” OR 

“FRUCTOSE” OR “LACTOSE” OR “GALACTOSE” OR “Maltose” OR “Isomaltose” 

OR “carbonated beverages” OR exploded MeSH terms “DIETARY SUCROSE” OR 

“FRUCTOSE” OR “LACTOSE” OR “GALACTOSE” OR “candy” OR “carbonated 

beverages” OR “Isomaltose” OR “Maltose” OR CINAHL thesaurus terms “DIETARY 

SUCROSE” OR “FRUCTOSE” OR “LACTOSE” OR “candy” OR “carbonated 

beverages” OR free-text terms “sugar*” OR “sucrose” OR “fructose” OR “lactose” OR 

“galactose” OR “maltose” OR “disaccharide*” OR “monosaccharide*” OR  (“soda” OR 

“carbonated” OR “sweet*” OR “sugar*”) AND (drink* OR beverage*) OR “soft drink”. 

 

Polyol terms: exploded Emtree terms “Polyol” OR “SUGAR ALCOHOL” OR 

“SORBITOL” OR “XYLITOL” OR exploded MeSH terms “SUGAR ALCOHOLS” OR 

“SORBITOL” OR “XYLITOL” OR free-text terms “polyol*” OR “sorbitol” OR 

“maltitol” OR “isomalt” OR “ xylitol” OR “erythritol” OR “lactitol” OR “mannitol” OR 

“polyglycitol”  OR CINAHL thesaurus terms “SORBITOL” OR “XYLITOL”OR 

exploded “SUGAR ALCOHOLS”  

 

Non-digestible oligosaccharide terms:  exploded Emtree terms “PREBIOTIC AGENT” 

OR “FRUCTAN” OR “INULIN” OR “FRUCTOSE OLIGOSACCHARIDE” OR 

“GALACTOSE OLIGOSACCHARIDE” OR “RAFFINOSE” OR mannans/ OR exploded 

MeSH terms “FRUCTANS” OR “INULIN” OR “RAFFINOSE” OR mannans/ OR 

CINAHL thesaurus terms “PREBIOTICS” OR free-text terms “prebiotic*” OR “inulin” 

OR “fructan*” OR “raffinose” OR "polydextrose" OR ((“galacto*” OR “fructo*” OR 

“non-digestible” OR “nondigestible” OR “low-digestible” OR “indigestible”) AND 

(“oligosaccharide*”)) 

 

NSP/dietary fibre terms:  Exploded Emtree terms “DIETARY FIBER” OR 

“ISPAGULA” OR “BETA GLUCAN” OR “STERCULIA” OR “KARAYA GUM” OR 

“BULKING AGENT” OR “BRAN” OR “WHEAT BRAN” OR “GUAR GUM” OR 

“ARABINOXYLAN” OR “PECTIN” OR “HEMICELLULOSE” OR “Alginic acid” OR 

“carageenan” OR “cellulose” OR “methylcellulose” OR “lignin” OR 

“carboxymethylcellulose” OR “plant gum” OR “gum Arabic” OR “gum tragacanth” OR 

“cereal” OR “legume” OR “bread” OR exploded MeSH terms “DIETARY FIBER” OR 

“PSYLLIUM” OR “BETA-GLUCANS” OR “STERCULIA” OR “KARAYA GUM” OR 

“PECTINS” OR “Alginates” OR “carageenan” OR “cellulose” OR “methylcellulose” OR 

“lignin” OR “carboxymethylcellulose” OR “plant gums” OR “gum Arabic” OR 
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“tragacanth” OR “cereals” OR “fabaceae” OR “bread” OR CINAHL thesaurus terms 

“DIETARY FIBER” OR “PSYLLIUM” OR “alginates” OR “cellulose” OR “cereals” OR 

“bread” OR “legumes OR free-text terms “whole grain*” OR “wholegrain*” OR “whole 

meal” OR “wholemeal” OR “complex carbohydrate*” OR “unavailable carbohydrate*” 

OR “resistant starch*” OR “amylose” OR “psyllium” OR “sterculia” OR “karaya gum” 

OR “bulking agent” OR “husk” OR “bran” OR “ispaghula” OR “roughage*” OR “raw 

starch” OR “cellulose” OR “hemicellulose” OR “pectin” OR “arabinoxylan*” OR “plant 

gum*” OR “guar gum” OR “beta-glucan*” OR ((“non-starch” OR “nonstarch” OR “low-

digestible” OR “non-digestible ” OR “nondigestible” OR “indigestible”) AND 

(“polysaccharide*” OR “carbohydrate*”)) OR (("fibre*" OR "fiber*") AND (“dietary” 

OR “plant” OR “high” OR “crude” OR “insoluble” OR “soluble”)) OR “wheat” OR 

“rice” OR "cereal*" OR “oat*” OR “porridge” OR “rye*” OR “barley” OR “grain*” OR 

“bread*” OR (“whole” AND “grain*”) OR “vegetable*” OR “fruit*” OR “bean*” OR 

“prune*” OR “legume*” OR “potato” OR  “maise” OR “alginate” OR “xanthan” OR 

“carageenan” OR “methylcellulose” OR “hydroxymethylcellulose” OR (("acacia" OR 

"arabic" OR "bean") AND “gum”) 

 

Glycaemic index and load: exploded Emtree terms “GLYCEMIC INDEX” OR 

“GLYCEMIC LOAD” OR “GLUCOSE BLOOD LEVEL” OR exploded MeSH terms 

“GLYCEMIC INDEX” OR “BLOOD GLUCOSE” OR CINAHL thesaurus terms 

“GLYCEMIC INDEX” OR “BLOOD GLUCOSE” OR ((index OR load) adj3 glycaemic) 

OR ((index or load) adj3 glycemic) OR ((sugar* OR glucose) adj3 blood) 

  

Normal colo-rectal function, well-being, constipation, diverticular disease, 

diarrhoea and irritable bowel syndrome terms 

 

  

Exploded Emtree terms “DIARRHEA” OR “DEFECATION” OR 

“CONSTIPATION” OR “FECES” OR “DEFECATION HABIT” OR “INTESTINE 

TRANSIT TIME” OR“LACTOBACILLUS” OR “BIFIDOBACTERIUM” OR 

“INTESTINE FLORA” OR “COLON FLORA” OR “SHORT CHAIN FATTY 

ACID” OR “DYSPEPSIA” OR “ABDOMINAL PAIN” OR “MOOD” OR 

“INTESTINE FUNCTION” OR “WELLBEING” OR “BLOATING” OR 

“IRRITABLE COLON” OR "Diverticulum" 

 

 Or exploded MeSH terms “DIARRHEA” OR “DEFECATION” OR 

“CONSTIPATION” OR “FECES” “LACTOBACILLUS” OR 

“BIFIDOBACTERIUM” OR “FATTY ACIDS, VOLATILE” OR “DYSPEPSIA” OR 

“ABDOMINAL PAIN” OR “AFFECT” OR “NAUSEA” OR “IRRITABLE BOWEL 

SYNDROME”, "Diverticulum" OR “COLONIC DISEASES, FUNCTIONAL” 

 

Or CINAHL thesaurus terms “DIARRHEA” OR “DEFECATION” OR 

“CONSTIPATION” OR “FECES” OR “BIFIDOBACTERIUM” OR “FATTY 

ACIDS, VOLATILE” OR exploded “LACTOBACILLUS” OR “DYSPEPSIA” OR 

“AFFECT” OR “NAUSEA” OR exploded “ABDOMINAL PAIN” OR 

"Diverticulum" OR “IRRITABLE BOWEL SYNDROME” 

 

And the free-text terms “stool” OR “diarrhoea” OR "diarrhea" OR "feces" OR 

"faeces" OR "faecal" OR "fecal" OR "constipation" OR "laxation" OR "dyschezia" 
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OR "defecation" OR “bifidobacteri*” OR “lactobacill*” OR “acetate*” OR 

“propionate*” OR “butyrate*” OR “short chain fatty acid*” OR“abdominal pain” OR 

“stomach pain” OR “bloating” OR “bloatedness” OR “indigestion” OR “dyspepsia” 

OR “nausea” OR “mood” OR “well-being” OR “wellbeing” OR “irritable bowel 

syndrome” OR “IBS” OR “spastic colon” OR “irritable colon” OR ((“colon*” OR 

“bowel” OR “intestin*” OR “gut”) AND (“transit" OR “habit” OR “function” OR 

"dysfunction" OR "microbe*" OR  "bacteria" OR "microbiota" OR "microflora" OR 

"fermentation" OR “inertia”)) OR "diverticulum" OR "diverticulosis" OR 

("diverticular" AND "disease") 

Human controlled study filter terms 

 

388. For the retrieval of controlled human studies search terms were adapted from a 

randomized controlled trial filter described in the Cochrane Handbook and the 

International Epidemiological Association. 

 

For Medline, exploded MeSH terms: “randomized controlled trial” OR “controlled 

clinical trial” OR “clinical trial” OR “random allocation” OR “double-blind method” 

OR “single-blind method” OR “placebos” OR “cross-over studies” OR “multicenter 

study” unexploded MeSH term: “research design” OR EMTREE terms: “crossover-

procedure” OR “double-blind procedure” OR “single-blind procedure” OR 

“randomized controlled trial” OR “multicenter study” OR “randomization” OR 

CINAHL thesaurus terms  : exploded “clinical trials” OR “random assignment” OR 

“double-blind studies” OR “single-blind studies” OR “placebos” OR “crossover 

design” OR “multicenter studies” 

 

And the free-text terms: “trial” OR ((“singl*” OR “doubl*” OR “trebl*” OR “tripl*”) 

AND (“mask*” OR “blind*”)) OR “placebo*” OR “random*” OR “control*” OR 

“volunteer*” OR “subject*” OR “factorial*” OR “crossover*” OR “cross over*” OR 

“cross-over*” OR “assign*” OR “allocate*” 

Ca and Mg absorption outcome terms 

 

Exploded Emtree terms: (INTESTINE ABSORPTION AND “CALCIUM INTAKE”) 

OR Exploded MeSH terms (INTESTINAL ABSORPTION AND CALCIUM, 

DIETARY) OR Cinahl thesaurus terms (INTESTINAL ABSORPTION AND 

“CALCIUM, DIETARY”) OR free text terms ((“calcium” OR “magnesium” OR 

“Ca” OR “Mg” OR “mineral*” OR “trace element*”) AND (“absorption” OR 

“balance”)) 

 

AND all carbohydrate terms  

 

Colo-rectal cancer/adenoma outcome terms 

 

#1 exploded Emtree terms “COLORECTAL CANCER” OR “COLORECTAL 

TUMOR” OR “INTESTINE POLYP” OR “COLON POLYP” OR exploded MeSH 

term “COLORECTAL NEOPLASMS” OR “INTESTINAL POLYPS” OR 

“COLONIC POLYPS” OR exploded CINAHL thesaurus terms COLORECTAL 
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NEOPLASMS” OR “ADENOMATOUS POLYPS” OR exploded “INTESTINAL 

POLYPS” OR “COLONIC POLYPS” 

#2 "malign*" OR "neoplasm*" OR "carcinoma*" OR "cancer*" OR "tumor*" OR 

"tumour*" OR "polyp*" OR "adenoma*" OR "adenocarcinoma"  

#3 "colon*" OR "rectum" OR "rectal" OR "colorectum" OR "colorectal" OR "bowel" 

OR "large intestine" OR "gut" 

#4  #1 OR (#2 AND #3) 
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Appendix 2. Articles excluded at full-text stage  
 

Digestible carbohydrate and colo-rectal function 

 

389. The initial search identified 15 articles, which were assessed as full-text articles for 

eligibility.  Of these 14 were excluded for the following reasons: 

 

 No objective measure: (Seppanen et al., 2008).   

 Single challenge studies or cohort before-and-after studies, but were briefly 

discussed in the background section (Williams & Olmsted, 1936; Bond et al., 

1980; Ravich et al., 1983; Truswell et al., 1988; Kruis et al., 1991; Ewe et al., 

1995; Ladas et al., 1995; Hoekstra et al., 1996; Mitsui et al., 2001; Beyer et al., 

2005; He et al., 2006; Madsen et al., 2006; Skoog et al., 2008) 

 

Non-digestible carbohydrate and and colo-rectal function 

  

390. The initial search identified 329 articles, which were assessed as full-text articles for 

eligibility. Of these 220 were excluded for the following reasons: 

  

 Reviews or letters with no relevant data:  (Burkitt et al., 1972; Cleave, 1973) 

 Not healthy subjects:  (Harvey et al., 1973; Kirby et al., 1981; Hamaker et al., 

1991; Kashtan et al., 1992b; Savino et al., 2003; Langlands et al., 2004; Boutron-

Ruault et al., 2005; Dahl et al., 2005b) 

 Data reported in previous article: (Baird et al., 1977; Jenkins et al., 1979; Stephen 

& Cummings, 1979; Slavin & Marlett, 1980a; Bell et al., 1981; Slavin et al., 

1981b; Slavin et al., 1991; Tomlin & Read, 1992; Lampe et al., 1993a; Kanauchi 

et al., 1999; Moro et al., 2003; Abell et al., 2008) 

 No relevant data reported: (Parsons, 1973; Slavin et al., 1981a; Ullrich et al., 

1981; Van Dokkum et al., 1982; Rigaud et al., 1987; Miles et al., 1988; Kitler et 

al., 1992; Korpela et al., 1992; Behall & Howe, 1996; Wisker et al., 1998; De 

Preter et al., 2004; Gonlachanvit et al., 2004; Moro et al., 2005; Finley et al., 

2007) 

 Enteral feed intervention: (Slavin et al., 1985; Whelan et al., 2005; Benus et al., 

2010)  

 Single meal study: (Bond & Levitt, 1978; Kelleher et al., 1984; Lembcke et al., 

1984; Fritz et al., 1985; McNamara et al., 1985; Salminen et al., 1985; Levitt et 

al., 1987; De Vries et al., 1988; Hamberg et al., 1989; Rumessen et al., 1990) 

 No objective bowel function measures: (Turconi et al., 1995; Davies et al., 1998; 

Bruce et al., 2000; Li et al., 2003; Moore et al., 2003; Storey et al., 2007; Ziegler 

et al., 2007; Park & Jhon, 2009) 

 Mixed intervention, e.g. energy restriction and dietary fibre: (Astrup et al., 1990; 

Staniforth et al., 1991; Muir et al., 1998; Brinkworth et al., 2009; Cheatham et al., 

2009; Mitsou et al., 2009; Wong et al., 2010) or formula with hydrolyzed whey 

protein (Schmelzle et al., 2003) 

 Cohort before-and-after studies and comparison studies with no control, but were 
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briefly discussed in the background section: (Cowgill & Anderson, 1932; 

Williams et al., 1936; Gray & Tainter, 1941; McCance & Widdowson, 1942a; 

Tainter, 1943; Marks, 1949; Berberian et al., 1952; Antonis & Bersohn, 1962; 

Hamilton et al., 1972; Eastwood et al., 1973; Findlay et al., 1974; Jenkins et al., 

1975; Payler et al., 1975; Cummings et al., 1976a; Cummings et al., 1976b; 

Drasar & Jenkins, 1976; Durrington et al., 1976; Fuchs et al., 1976; Wyman et al., 

1976; Flynn et al., 1977; Ismail-Beigi et al., 1977; Kay & Truswell, 1977; 

Miettinen & Tarpila, 1977; Raymond et al., 1977; Beyer & Flynn, 1978; Brodribb 

& Groves, 1978; Calloway & Kretsch, 1978; Cummings et al., 1978; Floch & 

Fuchs, 1978; Kelsay et al., 1978; Mathur et al., 1978; Cummings et al., 1979a; 

Cummings et al., 1979b; Cummings et al., 1979c; Kretsch et al., 1979; Munoz et 

al., 1979; Prynne & Southgate, 1979; Robertson et al., 1979; Heller et al., 1980; 

Huijbregts et al., 1980; Slavin & Marlett, 1980b; Stephen & Cummings, 1980a; 

Cornu & Delpeuch, 1981; Judd & Truswell, 1981; Ross & Leklem, 1981; Tucker 

et al., 1981; Leeds et al., 1982; Andersson et al., 1983; Eastwood et al., 1983; 

Fleming et al., 1983; Fleming & Rodriguez, 1983; Ross et al., 1983; Schweizer et 

al., 1983; Tsai et al., 1983; Van Dokkum et al., 1983; Wrick et al., 1983; 

Anderson et al., 1984; Eastwood et al., 1984; Fedail et al., 1984; Fleming et al., 

1985; Vargo et al., 1985; Eastwood et al., 1986; Kaneko et al., 1986; Marlett et 

al., 1986; Miyoshi et al., 1986; Penagini et al., 1986; Shetty & Kurpad, 1986; 

Spiller et al., 1986; Wyatt et al., 1986; Balasubramanian et al., 1987; Behall et al., 

1987; Eastwood et al., 1987; Jenkins et al., 1987; Miyoshi et al., 1987; Abraham 

& Mehta, 1988; Anderson et al., 1988; Hamilton et al., 1988; Kurpad et al., 1988; 

Reddy et al., 1988; Stevens et al., 1988; Tomlin & Read, 1988a; Tomlin & Read, 

1988c; Villaume et al., 1988; Benno et al., 1989; Miettinen & Tarpila, 1989; 

Eastwood et al., 1990; Kashtan et al., 1990; Anderson et al., 1991; Melcher et al., 

1991a; Melcher et al., 1991b; Saito et al., 1991; Sugawara et al., 1991; 

Ziegenhagen et al., 1991; Daly et al., 1993; Ito et al., 1993a; Ito et al., 1993b; 

Lampe et al., 1993b; Lupton et al., 1993; Nagengast et al., 1993; Takahashi et al., 

1993; Achour et al., 1994; Gelissen et al., 1994; Rao et al., 1994; van Munster et 

al., 1994; Gibson et al., 1995b; Ohkusa et al., 1995; Buddington et al., 1996; 

Davidsson et al., 1996; Guedon et al., 1996; Bouhnik et al., 1997; Lewis & 

Heaton, 1997a; Lewis & Heaton, 1997b; Switzer et al., 1997; Chen et al., 1998; 

Haack et al., 1998a; Hylla et al., 1998; Kanauchi et al., 1998a; Kanauchi et al., 

1998b; Teuri et al., 1998; Brighenti et al., 1999; Kruse et al., 1999; Schaarmann et 

al., 1999; Marlett et al., 2000; Menne et al., 2000; Srikumar, 2000; Jenkins et al., 

2001; Rao, 2001; Robinson et al., 2001; Tuohy et al., 2001a; Gallaher et al., 2002; 

Guigoz et al., 2002; Harmsen et al., 2002; Cherbut et al., 2003; Grasten et al., 

2003; Hovey et al., 2003; Spiller et al., 2003a; Spiller et al., 2003b; Minamida et 

al., 2004; Dahl et al., 2005a; Euler et al., 2005; Liu et al., 2005; Chen et al., 2006; 

Dinoto et al., 2006; Bang et al., 2007; Bouhnik et al., 2007a; Chung et al., 2007; 

Kolida et al., 2007; Myung et al., 2007; Pittaway et al., 2007; Costabile et al., 

2008; de Preter et al., 2008; Nilsson et al., 2008; Maki et al., 2009; Mrazek et al., 

2010; Shinohara et al., 2010) 

 

Digestible carbohydrate carbohydrate and magnesium and calcium 

absorption 

  

391. The initial search identified 26 articles, which were assessed as full-text articles for 
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eligibility. Of these 24 were excluded for the following reasons: 

 

 Mineral balance studies, which were briefly discussed in the background section 

(Greenwald et al., 1963; Condon et al., 1970; Pansu & Chapuy, 1970; Kobayashi 

et al., 1975; Ziegler & Fomon, 1983; Holbrook et al., 1989; Ivaturi & Kies, 1992; 

Moya et al., 1992; Brink et al., 1993; Moya et al., 1999; Milne & Nielsen, 2000)  

 Single meal or challenge studies, which were briefly discussed in the background 

section (Kocian et al., 1973; Cochet et al., 1983; Kelly et al., 1984; Tremaine et 

al., 1986; Wood et al., 1987; Knowles et al., 1988; Griessen et al., 1989a; 

Griessen et al., 1989c; Schuette et al., 1989; Garg et al., 1990; Schuette et al., 

1991; Andon et al., 1996; Zittermann et al., 2000).   

 

Non-digestible carbohydrate carbohydrate and magnesium and calcium 

absorption 

 

392. The initial search identified 48 articles, which were assessed as full-text articles for 

eligibility. Of these 38 were excluded for the following reasons: 

393.  

 Mineral balance studies, which were briefly discussed in the background section: 

(McCance & Widdowson, 1942a; Reinhold et al., 1976; Ismail-Beigi et al., 1977; 

Cummings et al., 1979b; Cummings et al., 1979c; Drews et al., 1979; Slavin & 

Marlett, 1980b; Stasse-Wolthuis et al., 1980; Godara et al., 1981; Kelsay et al., 

1981; Van Dokkum et al., 1982; Andersson et al., 1983; Kelsay & Prather, 1983; 

Behall et al., 1987; Kelsay et al., 1988; Behall et al., 1989; Behall, 1990; Spencer 

et al., 1991; Wisker et al., 1991; Kawatra et al., 1993; Dahl et al., 1995; Knudsen 

et al., 1996; Coudray et al., 1997; Haack et al., 1998b; Behall et al., 2002; 

Coudray et al., 2003a; Vermorel et al., 2004; Gostner et al., 2005; Shah et al., 

2009)  

 Single meal studies (Francis et al., 1986; Gulliford et al., 1988; Griessen et al., 

1989b; Heaney & Weaver, 1995; Davidsson et al., 1996; Lopez-Huertas et al., 

2006) 

 One cohort before-and-after study that observed oat bran to have no effect on the 

absorption of calcium, as determined with 
47

Ca (Spencer et al., 1991) 

 

Chronic constipation  

 

394. The initial search identified 94 articles, which were assessed as full-text articles were 

for eligibility. Of these 70 articles were excluded for the following reasons: 

 

 Dietary intervention in conjunction with other therapy (Stern, 1966; Capra & 

Hannan-Jones, 1993)  

 Mixed patients groups - not all patients described as constipated (Gotestam, 1977; 

Kochen et al., 1985; Schmelzer, 1990; Snustad et al., 1991; Fowlie et al., 1992; 

Den Hond et al., 2000; Wisten & Messner, 2005; Kacmaz & Kasici, 2007) 

 Lack of appropriate control (Odes et al., 1993) – (XO design where 9 of 10 

subjects randomised to receive placebo in first phase dropped out due to lack of 

effect – analysis based on 7 from treatment-first group and one from placebo-first 
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group) 

 Trial involved surgery (Stumm et al., 2001)  

 Mixed intervention with non-carbohydrate constituents that could affect bowel 

habit (Bongers et al., 2007)  

 Report physiological outcomes only, but did not exclude laxative use (Smith et 

al., 1980) 

 Study group allocation not randomised, which were briefly discussed in the 

background section (Battle & Hanna, 1980; Marzio et al., 1989; Sturtzel & 

Elmadfa, 2008; Sturtzel et al., 2010) 

 No control group – cohort before-and-after studies, which were briefly discussed 

in the background section (Cowgill & Sullivan, 1933; Block, 1947; Marks, 1949; 

Ferrer & Boyd, 1955; Payler et al., 1975; Clark & Scott, 1976; Srivastava et al., 

1976; Perkin, 1977; McCallum et al., 1978; Hull et al., 1980; Graham et al., 1982; 

Olness & Tobin, 1982; Borgia et al., 1983; Pers & Pers, 1983; Sandman et al., 

1983; Valle-Jones, 1985; Hope & Down, 1986; Marcus & Heaton, 1986; Marlett 

et al., 1987; Bass et al., 1988; Chokhavatia et al., 1988; Hamilton et al., 1988; 

Lederle et al., 1990; Rouse et al., 1991; Kinnunen et al., 1993; Passmore et al., 

1993a; Passmore et al., 1993b; Rodrigues-Fisher et al., 1993; Gibson et al., 

1995a; Ravelli et al., 1995; Kleessen et al., 1997; Anti et al., 1998; Dettmar & 

Sykes, 1998; Kanauchi et al., 1998b; McRorie et al., 1998; Patrick et al., 1998; 

Assisi et al., 2000; Chen et al., 2000; Chen et al., 2001; Selig & Boyle, 2003; 

Tarpila et al., 2004; Gostner et al., 2005; Khaja et al., 2005; Tateyama et al., 

2005; Quah et al., 2006; Chan et al., 2007a; Chen et al., 2008; Danjo et al., 2008; 

Kokke et al., 2008) 

 Comparison trial with no control group, which were briefly discussed in the 

background section (Andersson et al., 1979; Takahashi et al., 1994; Voderholzer 

et al., 1997) 

 

Diarrhoea 

 

395. The initial search identified 37 articles, which were assessed as full-text articles for 

eligibility. Of these 18 articles were excluded for the following reasons: 

   

 Treatment trials, not prevention trials (Portnoy et al., 1976; Alarcon et al., 1992; 

Brown et al., 1993; Eherer et al., 1993; Vanderhoof et al., 1997; Washington et 

al., 1998; Alam et al., 2000; Ramakrishna et al., 2000; Burks et al., 2001; Rabbani 

et al., 2001; Duggan et al., 2003; Hoekstra et al., 2004; Alam et al., 2005; 

Raghupathy et al., 2006; Ramakrishna et al., 2008) 

 Mixed intervention (Loeb et al., 1989) 

 No control group – a comparison study of calcium and psyllium (Qvitzau et al., 

1988) and two time series studies (Nakamura et al., 2007; Oku et al., 2008) 

 One trial investigated the effect of fructo-oligosaccharide supplementation on the 

incidence of antibiotic-associated diarrhoea in hospital patients, but the incidence 

rate was too low for the results to be meaningful, i.e. 0/18 in the fructo-

oligosaccharide group and 2/18 in the placebo group.  (Madeo et al., 1999) 

 Severely malnourished infants (Alam et al., 2009)  

 Trial reported in previously identified paper (Lewis et al., 2005b)  

 Not a trial - case reports (Hyams & Leichtner, 1985)  
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 Single meal studies (mainly postprandial breath hydrogen test) (Kneepkens et al., 

1989; Hoekstra et al., 1995; Smith et al., 1995; Nobigrot et al., 1997; Lifschitz, 

2000; Lebenthal-Bendor et al., 2001; Ribeiro et al., 2001; Duro et al., 2002; 

Moukarzel et al., 2002)  

 Mal-absorption trial (Valois et al., 2005) 

 

Irritable bowel syndrome 

 

396. Initial search identified 31 articles, which were assessed as full-text articles for 

eligibility. Of these 15 articles were excluded for the following reasons: 

 

 Treatment trials, not prevention trials(Manning et al., 1977; Ritchie & Truelove, 

1979; Longstreth et al., 1981; Golechha et al., 1982; Nigam et al., 1984; Kruis et 

al., 1986; Prior & Whorwell, 1987; Cook et al., 1990; Jalihal & Kurian, 1990; 

Fowlie et al., 1992; Snook & Shepherd, 1994; Hunter et al., 1999; Olesen & 

Gudmand-Hoyer, 2000; Rees et al., 2005; Bijkerk et al., 2009; Silk et al., 2009) 

 Intervention group not compared with control group (no placebo arm) (Kumar et 

al., 1987; Chapman et al., 1990; Villagrasa et al., 1991; Parisi et al., 2002; Aller 

et al., 2004; Tarpila et al., 2004; Parisi et al., 2005; Austin et al., 2009) 

 Dietary intervention in conjunction with drug therapy (Soltoft et al., 1976; Ritchie 

& Truelove, 1980; Arthurs & Fielding, 1983; Cann et al., 1984; Arffman et al., 

1985; Lucey et al., 1987) 

 Results reported in previous article (Mortensen et al., 1987) 

 

Diverticular disease  

 

397. The initial search identified 18 articles, which were assessed as full-text articles for 

eligibility Of these 14 have been excluded for the following reasons: 

 

 Treatment trials, not prevention trials (Brodribb, 1977; Hodgson, 1977; Ewerth et 

al., 1980; Ornstein et al., 1981) 

 No control group - cohort before-and-after studies: (Painter et al., 1972; Findlay et 

al., 1974; Painter, 1974; Brodribb & Humphreys, 1976a; Brodribb & Humphreys, 

1976b; Srivastava et al., 1976; Taylor & Duthie, 1976; Eastwood et al., 1978; 

Smith et al., 1981); comparison study with no control group (Smits et al., 1990; 

D'Inca et al., 2007) 

 Retrospective reviews of patients advised to increase their fibre intake after 

hospital admission and not trials (Hyland & Taylor, 1980; Leahy et al., 1985) 

 No clinical assessment (Tarpila et al., 1978) 

 

Well-being 

 

398. The initial search identified 8 articles, which were assessed as full-text articles for 

eligibility. Of these 4 have been excluded for the following reasons: 

  

 Not in healthy subjects or in patients with clinical outcomes considered – subjects 
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with minor functional bowel disorders (Paineau et al., 2008) 

 Not an intervention study (Smith et al., 2001) 

 No control group (Goetze et al., 2008). 

 Breakfast cereal consumption in comparison to no breakfast consumption on well-

being, not carbohydrate intake per se (Smith, 2010) 

  

Colo-rectal cancer 

 

399. Forty eight relevant articles were identified from the WCRF dataset and report, which 

included searches upto 2009 (Stemmermann et al., 1984; Wu et al., 1987; Heilbrun et 

al., 1989; Stemmermann et al., 1990; Willett et al., 1990; Bostick et al., 1994; 

Giovannucci et al., 1994; Steinmetz et al., 1994; Chyou et al., 1996; Gaard et al., 

1996; Glynn et al., 1996; Kearney et al., 1996; Kato et al., 1997; Tangrea et al., 1997; 

Sellers et al., 1998; Fuchs et al., 1999; Pietinen et al., 1999; Colbert et al., 2001; 

Jarvinen et al., 2001; Terry et al., 2001; Bingham et al., 2003; Mai et al., 2003; 

McCullough et al., 2003; Terry et al., 2003; Wong et al., 2003; Higginbotham et al., 

2004; Koh et al., 2004; Lin et al., 2004; Sanjoaquin et al., 2004; Bingham et al., 

2005; Larsson et al., 2005; Michaud et al., 2005; Michels et al., 2005; Norat et al., 

2005; Park et al., 2005; McCarl et al., 2006; Otani et al., 2006b; Shin et al., 2006; 

Larsson et al., 2007; Nomura et al., 2007; Schatzkin et al., 2007; Strayer et al., 2007; 

Wakai et al., 2007; Butler et al., 2008; Howarth et al., 2008; Kabat et al., 2008; 

Weijenberg et al., 2008; George et al., 2009). 

 

400. Several of these articles report on the same population or subpopulation. A number of 

studies reported on the Nurses’ Health Study Cohort (Willett et al., 1990; Fuchs et al., 

1999) and the Health Professionals’ Follow-up Study (Giovannucci et al., 1994; 

Kearney et al., 1996), while two studies reported on different exposures for both 

cohorts (Michaud et al., 2005; Michels et al., 2005).  The two more recent reports 

(Michaud et al., 2005; Michels et al., 2005) were included, along with an earlier study 

that reported on lactose, which is not included in the more recent studies (Kearney et 

al., 1996). Two studies reported on the Women’s Health Study (Higginbotham et al., 

2004; Lin et al., 2005), only the most recent was included for dietary fibre (Lin et al., 

2005) , while the earlier study was included in the glycaemic index analysis. 

 

401. Three studies (Wong et al., 2003; Koh et al., 2004; Butler et al., 2008) reported on the 

Singapore Chinese Health study, so only the most recent report was included (Butler 

et al., 2008).  Four studies (Glynn et al., 1996; Tangrea et al., 1997; Pietinen et al., 

1999; Colbert et al., 2001) reported on the Alpha-Tocopherol, Beta-Carotene Cancer 

Prevention study.  The most recent report of these four publications (Colbert et al., 

2001) did not provide enough information to be included in the meta-analysis, so the 

second-most recent report was included (Pietinen et al., 1999). 

 

402. Three studies (Bingham et al., 2003; Bingham et al., 2005; Norat et al., 2005) 

reported on the European Prospective Investigation into Cancer and Nutrition study, 

the most recent study was included (Bingham et al., 2005).  Four studies (Bostick et 

al., 1994; Steinmetz et al., 1994; Sellers et al., 1998; McCarl et al., 2006) report on 

the Iowa Women's Health study, of which the most recent report included all 

exposures previously covered (in the WCRF dataset not the published in paper) 

(McCarl et al., 2006).  
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403. Three articles reported on same exposure, energy intake from carbohydrate, from the 

Honolulu Heart Program study (Stemmermann et al., 1984; Stemmermann et al., 

1990; Chyou et al., 1996).  The most recent of these reports (Chyou et al., 1996) was 

included. 

Dietary fibre intake and risk of colo-rectal cancer – prospective cohort studies 

 

404. Twenty three studies were initially included for consideration (Wu et al., 1987; 

Heilbrun et al., 1989; Gaard et al., 1996; Kato et al., 1997; Pietinen et al., 1999; Terry 

et al., 2001; Mai et al., 2003; McCullough et al., 2003; Higginbotham et al., 2004; 

Sanjoaquin et al., 2004; Bingham et al., 2005; Larsson et al., 2005; Lin et al., 2005; 

Michels et al., 2005; Park et al., 2005; McCarl et al., 2006; Otani et al., 2006b; Shin 

et al., 2006; Nomura et al., 2007; Schatzkin et al., 2007; Wakai et al., 2007; Butler et 

al., 2008; Kabat et al., 2008).  Eight studies were subsequently excluded, as they did 

not adjust for or investigate all the necessary confounders, alcohol intake, smoking, 

physical activity, age and overweight/obesity:  

  

 (Wu et al., 1987; Heilbrun et al., 1989; Gaard et al., 1996; Kato et al., 1997; Terry 

et al., 2001; Sanjoaquin et al., 2004; McCarl et al., 2006; Kabat et al., 2008) 

 

405. One study adjusted for all the necessary confounders in relation to wholegrain cereal 

intake and colo-rectal cancer incidence (Larsson et al., 2005), but did not do so for an 

analysis of cereal fibre and colon cancer incidence.  Only the wholegrain cereal intake 

and colo-rectal cancer incidence aspects was included. 

 

406. A literature search of articles published from 2009 until November 2010 identified 4 

further articles, which were assessed as full-text articles for eligibility. Of these 3 

have been excluded for the following reasons: 

 

 No relevant data (Simons et al., 2010) 

 A prospective nested case-control study within seven UK cohort studies, but two 

of the cohorts were included in the EPIC study, which was more comprehensive 

(Dahm et al., 2010) 

 Report on wholegrain food intake only, but does not adjust for smoking in 

multivariate analysis (Egeberg et al., 2010) 

Total carbohydrate, starch or sugar intake, dietary glycaemic index or load 

and risk of colo-rectal cancer – prospective cohort studies 

 

407. Fifteen studies were initially included for consideration (Chyou et al., 1996; Kearney 

et al., 1996; Kato et al., 1997; Jarvinen et al., 2001; Terry et al., 2003; Higginbotham 

et al., 2004; Michaud et al., 2005; McCarl et al., 2006; Larsson et al., 2007; Strayer et 

al., 2007; Butler et al., 2008; Howarth et al., 2008; Kabat et al., 2008; Weijenberg et 

al., 2008; George et al., 2009).  Four studies were subsequently excluded, as they did 

not adjust for or investigate all the necessary confounders, alcohol intake, smoking, 

physical activity, age and overweight/obesity:  

 

 (Chyou et al., 1996; Kato et al., 1997; Jarvinen et al., 2001; Kabat et al., 2008) 
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408. A literature search of articles published from 2009 until November 2010 identified 

one further article for inclusion (Zhang et al., 2010).  

Randomised controlled trials of carbohydrate and adenoma risk 

 

409. Eight trials were identified from the WCRF dataset and report, which included 

searches upto 2009, that investigated an effect of carbohydrate, either alone or as part 

of a mixed intervention, on risk of colo-rectal adenoma (DeCosse et al., 1989; 

McKeown-Eyssen et al., 1994; MacLennan et al., 1995; Alberts et al., 2000; 

Bonithon-Kopp et al., 2000; Schatzkin et al., 2000; Ishikawa et al., 2005; Burn et al., 

2008).  A further five articles were identified that conducted additional analyses of 

these trials (Maclennan et al., 1999; Jacobs et al., 2002; Jacobs et al., 2006; Lanza et 

al., 2007; Sansbury et al., 2009).  Of these one article was excluded: 

 

 No results were reported (DeCosse et al., 1989). 

 

410. A literature search of articles published from 2009 until November 2010 identified no 

further articles for inclusion. 
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Appendix 3. Constituent dietary fibre intake, wholegrain cereal 

intake and colo-rectal cancer risk 

Colo-rectal cancer incidence and cereal fibre intake 

 

411. Six studies reported on colo-rectal cancer in relation to cereal fibre intake providing 

six risk estimates (see Table 113).  All six studies provided sufficient data for both 

highest quantile compared with lowest quantile and per unit meta-analyses to be 

performed.  One study reported colon and rectal cancer incidence separately and 

could not be included (Larsson et al., 2005), finding an inverse association between 

cereal fibre intake and colon, but not rectal, cancer incidence.  The results of the 

highest quantile compared with lowest quantile meta-analysis have been summarised 

in Table 110 and Figure 26.  The results of the per unit meta-analysis (10 g/day) have 

been summarised in Table 112 and Figure 28.  Incorporation of the Pooling Project 

and studies not included in the pooled analysis left four studies providing four risk 

estimates (Figure 27).  The results from the highest quantile compared with lowest 

quantile meta-analysis have been summarised in Table 111. 

 

412. There was no significant evidence of heterogeneity between studies. For all analyses 

tests for publication bias (Egger’s linear regression test) were not significant. 

 

413. The highest quantile compared with lowest quantile meta-analysis (Table 110) 

observed a reduction in the incidence of colo-rectal cancer between the highest 

compared with the lowest quantile of cereal fibre intake, by a point estimate of 11%.  

The per unit meta-analysis also observed a significant reduction in the incidence of 

colo-rectal cancer with a 10g/day increase in cereal fibre, by a point estimate of 12%. 

For the analysis including the Pooling Project, however, the incidence of colo-rectal 

cancer between the highest compared with the lowest quantile of cereal fibre intake 

was not significantly different (see Table 111). 
 

Table 110. Results of highest quantile compared with lowest quantile meta-analysis for colo-rectal 

cancer incidence and cereal fibre intake 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 6 0.89 (0.82-0.96) -3.03 (p=0.002) 
1
 I

2
 = 0.00% (95% CI 0.00-74.62%); p for test of heterogeneity = 0.914 

2
 No. of RR estimates included in pooled analysis. 

 
Table 111. Results of highest quantile compared with lowest quantile meta-analysis for colo-rectal 

cancer incidence and cereal fibre intake including the pooled analysis and studies not included in the 

pooled analysis 

Model    Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 4 0.94 (0.87-1.02) -1.55 (p=0.121) 
1
 I

2
 = 30.74% (95% CI 0.00-89.39%); p for test of heterogeneity = 0.228 

2
 No. of RR estimates included in pooled analysis. 
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Table 112. Results of per unit (10g/day) meta-analysis for colo-rectal cancer incidence and cereal fibre 

intake 

Model  Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 6 0.88 (0.81-0.96) -2.80 (p=0.005) 
1
 I

2
 = 0.00% (95% CI 0.00-74.62%); p for test of heterogeneity = 0.659 

2
 No. of RR estimates included in pooled analysis. 
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Table 113. Adjusted relative risk ratios for the highest compared with the lowest quantile of cereal fibre intake and colo-rectal cancer risk  

Study Sex Outcome Comparison CRC RR CC RR RC RR 
CRC P for 

trend 

CC P for 

trend 

RC P for 

trend 
Reported association 

Individua

l cohorts     
 

     

Michels, 

2005 
Women CRC Q1 2.3g/1000kcal vs Q5 8.0g/1000kcal **** 

0.89 (0.71-

1.12) 
 

 
0.63 

  
No association observed 

 
Men CRC Q1 2.8g/1000kcal vs Q5 11.45g/1000kcal **** 

0.79 (0.60-

1.05) 
 

 
0.19 

  

Lin, 2005 Women CRC Q1 3.1g/d vs Q5 6.1g/d *** 
0.97 (0.66-

1.42) 
 

 
0.69 

  
No association observed 

Larsson, 

2005 
Women CC, RC Q1 <7.4g/d vs Q5 >13.6g/d ** 

 

0.77 (0.57-

1.03) 

0.99 (0.64-

1.53)  
0.03 NR Inverse association observed for CC, but not RC 

Bingham, 

2005 
Mixed CRC 

Men Q1 6.6g/d vs Q5 13.1g/d; Women Q1 4.9g/d vs 

Q5 9.2g/d **** 

0.93 (0.76-

1.15) 
 

 
0.44 

  
No association observed 

Nomura, 

2007 
Women CRC Q1 2.4g/1000kcal/d vs Q5 14.0g/1000kcal/d *** 

1.00 (0.78-

1.27) 
 

 
0.68 

  
No association observed 

 
Men CRC Q1 2.8g/1000kcal/d vs Q5 15.6g/1000kcal/d *** 

0.86 (0.69-

1.07) 
 

 
0.479 

  

Schatzkin, 

2007 
Mixed CRC  Q1 6.6g/1000kcal/d vs Q5 15.9g/1000kcal/d *** 

0.86 (0.76-

0.98) 
 

 
0.01 

  
Inverse association observed 

Pooled 

analysis     
 

     

Park, 

2005 
Mixed CRC Q1 vs Q5 * 

1.00 (0.93-

1.08) 
 

    
No association observed 

NR, not reported, y, year; d, day; Q, quantile; CRC, colo-rectal cancer; CC colon cancer; RC rectal cancer 

* no quantile exposure data reported; ** quantile exposure data reported as ranges; *** quantile exposure data reported as median values; **** quantile exposure data reported as mean values 
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Figure 26. Forest plot of the highest compared with the lowest quantile of cereal fibre intake and colo-rectal cancer risk 
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Figure 27. Forest plot of the highest compared with the lowest quantile of cereal fibre intake and colo-rectal cancer risk including the pooled analysis and studies 

not included in the pooled analysis 
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Figure 28.  Forest plot of per unit analysis (10g/day) for cereal fibre intake and colo-rectal cancer risk 
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Table 114. Adjusted relative risk ratios for the highest compared with the lowest quantile of vegetable fibre intake and colo-rectal cancer risk  

Study Sex Outcome Comparison CRC RR CC RR RC RR 
CRC P for 

trend 

CC P for 

trend 

RC P for 

trend 
Reported association 

Individual 

cohorts          

Michels, 

2005 

Wome

n 
CRC Q1 3.6g/1000kcal vs Q5 10.0g/1000kcal **** 1.20 (0.94-1.56) 

 
0.11 

  
No association observed 

 
Men CRC Q1 3.6g/1000kcal vs Q5 12.2g/1000kcal **** 1.09 (0.83-1.42) 

 
0.57 

  

Lin, 2005 
Wome

n 
CRC Q1 5.9g/d vs Q5 8.0g/d *** 1.00 (0.65-1.56) 

 
0.66 

  
No association observed 

Bingham, 

2005 
Mixed CRC 

Men Q1 2.7g/d vs Q5 5.3g/d; Women Q1 2.8g/d vs Q5 

5.4g/d **** 
0.94 (0.76-1.16) 

 
0.52 

  
No association observed 

Nomura, 

2007 

Wome

n 
CRC Q1 3.0g/1000kcal/d vs Q5 17.2g/1000kcal/d *** 0.95 (0.75-1.20) 

 
0.77 

  Inverse association in men, but not 

women 

 
Men CRC Q1 3.0g/1000kcal/d vs Q5 18.4g/1000kcal/d *** 0.78 (0.62-0.97) 

 
0.05 

  

Schatzkin, 

2007 
Mixed CRC Q1 6.6g/1000kcal/d vs Q5 15.9g/1000kcal/d *** 1.01 (0.89-1.15) 

 
0.70 

  
No association observed 

Wakai, 

2007 
Mixed 

CRC, CC, 

RC 
Energy adjusted: Q1 2.0g/d vs Q4 5.1g/d **** 

0.89 (0.65-

1.24) 

0.74 (0.50-

1.11) 

1.68 (0.91-

3.11) 
0.65 0.17 0.06 No association observed 

Pooled 

analysis          

Park, 2005 Mixed CRC Q1 vs Q5 * 1.02 (0.94-1.11) 
 

0.58 
  

No association observed 

NR, not reported, y, year; d, day; Q, quantile; CRC, colo-rectal cancer; CC colon cancer; RC rectal cancer 

* no quantile exposure data reported; ** quantile exposure data reported as ranges; *** quantile exposure data reported as median values; **** quantile exposure data reported as mean values 
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Colo-rectal cancer incidence and vegetable fibre intake 

 

414. Six studies reported on colo-rectal cancer in relation to vegetable fibre intake 

providing seven risk estimates.  All studies provided sufficient data for both highest 

quantile compared with lowest quantile and per unit meta-analyses to be performed.  

One study reported on colo-rectal cancer in relation to cruciferous vegetable fibre 

intake finding no association (Lin et al., 2005): RR 0.74 (0.47-1.17); P for trend 0.40.  

The results of the highest quantile compared with lowest quantile meta-analysis have 

been summarised in Table 115 and Figure 29.  The results of the per unit meta-

analysis (10 g/day) have been summarised in Table 117 and Figure 31.  Incorporation 

of the Pooling Project and studies not included in the pooled analysis left five studies 

providing five risk estimates (see Figure 30).  The results from a highest quantile 

compared with lowest quantile meta-analysis have been summarised in Table 116. 

 

415. There was no significant evidence of heterogeneity between studies. For all analyses 

tests for publication bias (Egger’s linear regression test) were not significant. 

 

416. Both highest quantile compared with lowest quantile meta-analyses and the per unit 

meta-analysis observed no association between the incidence of colo-rectal cancer and 

dietary vegetable fibre intake. 
 

Table 115. Results of highest quantile compared with lowest quantile meta-analysis for colo-rectal 

cancer incidence and vegetable fibre intake 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 7 0.98 (0.90-1.06) -0.518 (p=0.605) 
1
 I

2
 = 4.11% (95% CI 0.00-72.01%); p for test of heterogeneity = 0.395 

2
 No. of RR estimates included in pooled analysis. 

 

Table 116. Results of highest quantile compared with lowest quantile meta-analysis for colo-rectal 

cancer incidence and vegetable fibre intake including the pooled analysis and studies not included in the 

pooled analysis 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 5 0.98 (0.92-1.04) -0.580 (p=0.562) 
1
 I

2
 = 1.76% (95% CI 0.00-79.57%); p for test of heterogeneity = 0.396 

2
 No. of RR estimates included in pooled analysis. 

 
Table 117 Results of per unit (10g/day) meta-analysis for colo-rectal cancer incidence and vegetable 

fibre intake 

Model  Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 7 0.98 (0.91-1.06) -0.53 (p=0.592) 
1
 I

2
 = 0.00% (95% CI 0.00-70.81%); p for test of heterogeneity = 0.633 

2
 No. of RR estimates included in pooled analysis. 
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Figure 29. Forest plot of the highest compared with the lowest quantile of vegetable fibre intake and colo-rectal cancer risk  
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Figure 30. Forest plot of the highest compared with the lowest quantile of vegetable fibre intake and colo-rectal cancer risk including the pooled analysis and studies not included in 

the pooled analysis 

Author (year)

Park (2005)

Bingham (2005)

Nomura (2007)

Schatzkin (2007)

Wakai (2007)

Synthesis

Weight %

51.56%

8.36%

14.09%

22.4%

3.6%

100%

Sex

Mixed

Mixed

Mixed

Mixed

Mixed

RR (95% CI)

1.02 (0.94; 1.11)

0.94 (0.76; 1.16)

0.86 (0.73; 1.01)

1.01 (0.89; 1.15)

0.89 (0.64; 1.23)

0.98 (0.92; 1.04)

0.5 1 2

RR

 



 

This document has been prepared for consideration by the Scientific Advisory Committee on Nutrition. It does not necessarily represent the final views of SACN or the advice/policy of Public Health England and Health Departments.  
277 

Figure 31.  Forest plot of per unit analysis (10g/day) for vegetable fibre intake and colo-rectal cancer risk 
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Table 118. Adjusted relative risk ratios for the highest compared with the lowest quantile of fruit fibre intake and colo-rectal cancer risk  

Study Sex Outcome Comparison CRC RR CC RR RC RR 
CRC P for 

trend 

CC P for 

trend 

RC P for 

trend 
Reported association 

Individual 

cohorts          

Michels, 

2005 
Women CRC Q1 1.4g/1000kcal vs Q5 7.3g/1000 kcal **** 0.88 (0.68-1.13) 

 
0.20 

  
No association observed 

 
Men CRC Q1 1.4g/1000kcal vs Q5 9.3g/1000kcal **** 0.92 (0.68-1.23) 

 
0.62 

  

Lin, 2005 Women CRC Q1 2.5g/d vs Q5 6.0g/d *** 1.00 (0.67-1.49) 
 

0.65 
  

No association observed 

Bingham, 

2005 
Mixed CRC 

Men Q1 2.7g/d vs Q5 5.3g/d; Women Q1 2.8g/d vs Q5 

5.4g/d **** 
0.81 (0.68-0.97) 

 
0.42 

  
No association observed 

Nomura, 

2007 
Women CRC Q1 1.2g/1000kcal/d vs Q5 14.0g/1000kcal/d *** 0.82 (0.64-1.05) 

 
0.48 

  Inverse association in men, but not 

women 

 
Men CRC Q1 0.9g/1000kcal/d vs Q5 12.6g/1000kcal/d *** 0.78 (0.63-0.97) 

 
0.08 

  

Schatzkin, 

2007 
Mixed CRC Q1 6.6g/1000kcal/d vs Q5 15.9g/1000kcal/d *** 1.08 (0.95-1.23) 

 
0.14 

  
No association observed 

Wakai, 2007 Mixed CRC, CC, RC Energy adjusted: Q1 0.4g/d vs Q4 2.2g/d **** 
1.06 (0.78-

1.43) 

1.06 (0.73-

1.54) 

0.92 (0.55-

1.54) 
0.55 0.83 0.84 No association observed 

Pooled 

analysis           

Park, 2005 Mixed CRC Q1 vs Q5 * 
0.96 (0.89-

1.04)   
0.30 

  
No association observed 

NR, not reported, y, year; d, day; Q, quantile; CRC, colo-rectal cancer; CC colon cancer; RC rectal cancer 

* no quantile exposure data reported; ** quantile exposure data reported as ranges; *** quantile exposure data reported as median values; **** quantile exposure data reported as mean values 
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Colo-rectal cancer incidence and fruit fibre intake 

 

417. Six studies reported on colo-rectal cancer in relation to fruit fibre intake providing 

seven risk estimates (see Table 118 and Figure 32).  All studies provided sufficient 

data for both highest quantile compared with lowest quantile and per unit meta-

analyses to be performed.  One study also determined risk of colon and rectal cancer 

separately, but observed no association (Wakai et al., 2007).  The results of the 

highest quantile compared with lowest quantile meta-analysis have been summarised 

in Table 119 and Figure 32.  The results of the per unit meta-analysis (10 g/day) have 

been summarised in Table 121 and Figure 34.  Incorporation of the Pooling Project 

and and studies not included in the pooled analysis, left five studies providing five 

risk estimates (see Figure 33).  The results from a highest quantile compared with 

lowest quantile meta-analysis have been summarised in Table 120. 

  

418. There was no significant evidence of heterogeneity between studies. For all analyses 

tests for publication bias (Egger’s linear regression test) were not significant. 

 

419. Both highest quantile compared with lowest quantile meta-analyses and the per unit 

meta-analysis observed no association between the incidence of colo-rectal cancer and 

dietary fruit fibre intake. 

 
Table 119. Results of highest quantile compared with lowest quantile meta-analysis for colo-rectal 

cancer incidence and fruit fibre intake 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 7 0.92 (0.82-1.03) -1.41 (p=0.160) 
1
 I

2
 = 49.26% (95% CI 0.00-78.53%); p for test of heterogeneity = 0.066 

2
 No. of RR estimates included in pooled analysis. 

 

Table 120. Results of highest quantile compared with lowest quantile meta-analysis for colo-rectal 

cancer incidence and fruit fibre intake including including the pooled analysis and studies not included 

in the pooled analysis 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 5 0.93 (0.83-1.04) -1.22 (p=0.223) 
1
 I

2
 = 66.02% (95% CI 11.36-86.97%); p for test of heterogeneity = 0.019 

2
 No. of RR estimates included in pooled analysis. 

 
Table 121. Results of per unit (10g/day) meta-analysis for colo-rectal cancer incidence and fruit fibre 

intake 

Model  Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 7 0.91 (0.78-1.05) -1.26 (p=0.206) 
1
 I

2
 = 42.35% (95% CI 0.00-75.76%); p for test of heterogeneity = 0.108 

2
 No. of RR estimates included in pooled analysis. 
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Figure 32. Forest plot of the highest compared with the lowest quantile of fruit fibre intake and colo-rectal cancer risk
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Figure 33. Forest plot of the highest compared with the lowest quantile of fruit fibre intake and colo-rectal cancer risk including the pooled analysis and studies not included in the 

pooled analysis 
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Figure 34.  Forest plot of per unit analysis (10g/day) for fruit fibre intake and colo-rectal cancer risk 
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Table 122. Adjusted relative risk ratios for the highest compared with the lowest quantile of legume fibre intake and colo-rectal cancer risk 

Study Sex Outcome Comparison CRC RR CC RR RC RR 
CRC P for 

trend 

CC P for 

trend 

RC P for 

trend 
Reported association 

Lin, 2005 Women CRC Q1 0.4g/d vs Q5 1.8g/d *** 0.60 (0.40-0.91) 
 

0.02 
  

Inverse  association observed 

Bingham, 

2005 
Mixed CRC 

Men Q1 0g/d vs Q5 1.9g/d; Women Q1 0g/d vs Q5 1.0g/d 

**** 
0.98 (0.82-1.17) 

 
0.86 

  
No association observed 

Nomura, 

2007 
Women CRC Q1 0.2g/1000kcal/d vs Q5 5.8g/1000kcal/d *** 1.16 (0.90-1.49) 

 
0.32 

  
No association observed 

 
Men CRC Q1 0.3g/1000kcal/d vs Q5 7.6g/1000kcal/d *** 0.87 (0.68-1.10) 

 
0.192 

  
No association observed 

Schatzkin

, 2007 
Mixed CRC Q1 0.2g/1000kcal/d vs Q5 2.3g/1000kcal/d *** 0.93 (0.83-1.04) 

 
0.25 

  
No association observed 

Wakai, 

2007 
Mixed 

CRC, CC, 

RC 
energy adjusted: Q1 0.2g/d vs Q4 1.4g/d **** 

0.74 (0.55-

0.99) 

0.67 (0.47-

0.95) 

0.81 (0.48-

1.37) 
0.055 0.037 0.42 

Inverse  association observed for CRC and 

CC 

NR, not reported, y, year; d, day; Q, quantile; CRC, colo-rectal cancer; CC colon cancer; RC rectal cancer 

* no quantile exposure data reported; ** quantile exposure data reported as ranges; *** quantile exposure data reported as median values; **** quantile exposure data reported as mean values 
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Colo-rectal cancer incidence and legume fibre intake 

 

420. Five studies reported on colo-rectal cancer in relation to legume fibre intake providing 

five risk estimates.  All studies provided sufficient data for both highest quantile 

compared with lowest quantile and per unit meta-analyses to be performed.  One 

study also determined risk of colon and rectal cancer in relation to legume fibre 

separately, observing an inverse association with colon cancer, but not rectal cancer 

(Wakai et al., 2007).  The results of the highest quantile compared with lowest 

quantile meta-analysis have been summarised in Table 123 and Figure 35.  The results 

of the per unit meta-analysis (10 g/day) have been summarised in Table 124 and 

Figure 36. 

 

421. Evidence of heterogeneity was high. The number of estimates was too small to 

substantiate an explanation for the heterogeneity.  For all analyses tests for 

publication bias (Egger’s linear regression test) were not significant. 

 

422. Both the highest quantile compared with lowest quantile meta-analysis and the per 

unit meta-analysis observed no association between the incidence of colo-rectal 

cancer and dietary legume fibre intake.   
 

 
Table 123. Results of highest quantile compared with lowest quantile meta-analysis for colo-rectal 

cancer incidence and legume fibre intake 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 5 0.90 (0.80-1.02) -1.67 (p=0.095) 
1
 I

2
 = 47.77 (95% CI 0.00-80.86%); p for test of heterogeneity = 0.105 

2
 No. of RR estimates included in pooled analysis. 

 
Table 124. Results of per unit (10g/day) meta-analysis for colo-rectal cancer incidence and legume fibre 

intake 

Model  Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 5 0.79 (0.52-1.20) -1.10 (p=0.275) 
1
 I

2
 = 60.33% (95% CI 0.00-85.14%); p for test of heterogeneity = 0.039 

2
 No. of RR estimates included in pooled analysis. 
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Figure 35. Forest plot of the highest compared with the lowest quantile of legume fibre intake and colo-rectal cancer risk 
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Figure 36.  Forest plot of per unit analysis (10g/day) for legume fibre intake and colo-rectal cancer risk 
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Table 125. Adjusted relative risk ratios for the highest compared with the lowest quantile of soluble fibre intake and colo-rectal cancer risk  

Study Sex Outcome Comparison CRC RR CC RR RC RR CRC P for trend CC P for trend RC P for trend Reported association 

Pietinen, 

1999 
Men CRC Q1 3.7g/d vs Q4 7.3g/d *** 1.1 (0.7-1.6) 

 
0.91 

  
No association observed 

Wakai, 

2007 
Mixed 

CRC, 

CC, RC 
Energy adjusted: Q1 1.2g/d vs Q4 2.6g/d **** 0.67 (0.47-0.95) 0.55 (0.36-0.84) 0.94 (0.49-1.78) 0.022 0.002 0.64 Inverse association observed 

NR, not reported, y, year; d, day; Q, quantile; CRC, colo-rectal cancer; CC colon cancer; RC rectal cancer 

* no quantile exposure data reported; ** quantile exposure data reported as ranges; *** quantile exposure data reported as median values; **** quantile exposure data reported as mean values 

 

 
Table 126. Adjusted relative risk ratios for the highest compared with the lowest quantile of insoluble fibre intake and colo-rectal cancer risk  

Study Sex Outcome Comparison CRC RR CC RR RC RR CRC P for trend CC P for trend RC P for trend Reported association 

Pietinen, 

1999 
Men CRC Q1 12.2g/d vs Q4 27.1g/d *** 1.0 (0.6-1.5) 

 
0.73 

  
No association observed 

Wakai, 

2007 
Mixed 

CRC, 

CC, RC 
Energy adjusted: Q1 5.3g/d vs Q4 9.6g/d **** 0.77 (0.55-1.08) 0.63 (0.42-0.96) 1.08 (0.58-2.02) 0.041 0.004 0.66 Inverse association observed 

NR, not reported, y, year; d, day; Q, quantile; CRC, colo-rectal cancer; CC colon cancer; RC rectal cancer 

* no quantile exposure data reported; ** quantile exposure data reported as ranges; *** quantile exposure data reported as median values; **** quantile exposure data reported as mean values 
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Colo-rectal cancer incidence and soluble and insoluble fibre intake 

 

423. Three studies reported on colo-rectal cancer in relation to soluble and insoluble fibre 

intake (see Table 125 and Table 126).  The results from each study reflected their 

findings with dietary fibre overall.  Adjusted relative risk with 95% confidence 

intervals, were given for colo-rectal cancer risk and colon or rectal cancer risk, where 

reported.  There were insufficient studies to perform a meta-analysis for soluble or 

insoluble fibre intake and colo-rectal cancer incidence. 

 

424. The one study reporting inverse associations with colo-rectal cancer incidence and 

dietary fibre also observed inverse associations with soluble and insoluble fibre 

(Wakai et al., 2007), and the study observing no association with soluble and 

insoluble fibre also observed no association with dietary fibre (Pietinen et al., 1999) 

(see Table 65).  One study determined risk of colon and rectal cancer in relation to 

insoluble and soluble fibre separately, observing an inverse association with colon 

cancer, but not rectal cancer (Wakai et al., 2007). 
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Colo-rectal cancer incidence and wholegrain cereal intake 

 

425. Three studies reported on colo-rectal cancer in relation to wholegrain cereal intake 

providing three risk estimates (see Table 131).  All studies provided sufficient data for 

both highest quantile compared with lowest quantile and per unit meta-analyses to be 

performed.  The results of the highest quantile compared with lowest quantile meta-

analysis have been summarised in Table 127 and Figure 37.  The results of the per 

unit meta-analysis (three servings/day) have been summarised in Table 129 and 

Figure 38. 

 

426. One study only determined risk of only colon cancer in relation to wholegrain cereal 

(McCullough et al., 2003).  Overall, three studies reported on colon cancer in relation 

to wholegrain cereal intake providing three risk estimates (see Table 131).  All studies 

provided sufficient data for both highest quantile compared with lowest quantile and 

per unit meta-analyses to be performed.  The results of the highest quantile compared 

with lowest quantile meta-analysis have been summarised in Table 128 and Figure 39.  

The results of the per unit meta-analysis (three servings/day) have been summarised 

in Table 130 and Figure 40. 

  

427. There was no significant evidence of heterogeneity between studies, except for the per 

unit analysis in relation to colo-rectal incidence.  The number of estimates was too 

small to substantiate an explanation for the heterogeneity.  For all analyses tests for 

publication bias (Egger’s linear regression test) were not significant. 

 

428. Both highest quantile compared with lowest quantile meta-analyses observed a 

significant reduction in the incidence of colo-rectal and colon cancer.  The per unit 

meta-analysis also observed a significant reduction in the incidence of colon cancer 

with three servings/day increase in wholegrain cereal, but the association with colo-

rectal cancer was not significant.  

 

429. The findings observed in each study tended to reflect those observed for ceral fibre.  

One study that observed an inverse association between wholegrain cereal intake and 

colo-rectal cancer incidence, observed no association with dietary fibre, but did 

observe inverse associations with cereal fibre intake and colo-rectal cancer incidence 

(Schatzkin et al., 2007).  Another also observed an inverse association between 

wholegrain cereal intake and colon cancer incidence also observed an inverse 

association between cereal fibre intake and colon cancer incidence (Larsson et al., 

2005).  The two studies that observed no association between wholegrain cereal 

intake and colo-rectal cancer (Pietinen et al., 1999) or colon cancer (McCullough et 

al., 2003) did not investigate cereal fibre in relation to colo-rectal cancer, but they did 

observe no association between dietary fibre intake and colo-rectal cancer or colon 

cancer, respectively. 

 

430. Two studies reported on rectal cancer in relation to wholegrain cereal intake (see 

Table 131).  One observed no association (Larsson et al., 2005), while the other 

reported an inverse association (Schatzkin et al., 2007). 
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Table 127. Results of highest quantile compared with lowest quantile meta-analysis for colo-rectal 

cancer incidence and wholegrain cereal intake 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 3 0.80 (0.72-0.89) -4.08 (p<0.0001) 
1
 I

2
 = 0.00% (95% CI 0.00-89. 60%); p for test of heterogeneity = 0.530 

2
 No. of RR estimates included in pooled analysis. 

 
Table 128. Results of highest quantile compared with lowest quantile meta-analysis for colon cancer 

incidence and wholegrain cereal intake 

Model Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 3 0.83 (0.71-0.97) -2.30 (p=0.021) 
1
 I

2
 = 14.47% (95% CI 0.00-91.10%); p for test of heterogeneity = 0.311 

2
 No. of RR estimates included in pooled analysis. 

 
Table 129. Results of per unit (three servings/day) meta-analysis for colo-rectal cancer incidence and 

wholegrain cereal intake 

Model   Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 3 0.85 (0.70-1.02) -1.77 (p=0.077) 
1
 I

2
 = 73.87% (95% CI 12.71-92.18%); p for test of heterogeneity = 0.022 

2
 No. of RR estimates included in pooled analysis. 

 
Table 130. Results of per unit (three servings/day) meta-analysis for colon cancer incidence and 

wholegrain cereal intake 

Model   Pooled RR estimate
1
 

 No.
2
 RR (95%CI) Z (p-value) 

Random effect 3 0.84 (0.73-0.97) -2.43 (p=0.015) 
1
 I

2
 = 0.00% (95% CI 0.00-89.60%); p for test of heterogeneity = 0.383 

2
 No. of RR estimates included in pooled analysis. 
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Table 131. Adjusted relative risk ratios for the highest compared with the lowest quantile of wholegrain cereal intake and colo-rectal cancer risk  

Study Sex Outcome Comparison 

Difference between midpoint 

exposures in the  highest and lowest 

quantiles 

CRC RR CC RR RC RR 
CRC P for 

trend 

CC P for 

trend 

RC P for 

trend 
Reported association 

Pietinen, 

1999 
Men CRC 

Q1 96g/d vs Q4 374g/d 

*** 

4.6 servings/day (60g = one serving)) 1.00 (0.70-

1.60) 
 

 
0.99 

  
No association observed 

McCullough, 

2003 
Mixed CC 

Q1 <2 servings/wk vs Q5 

>11 servings/wk ** 

2.1 servings/day 

 

0.95 (0.64-

1.42)   
0.78 

 
No association observed 

Larsson, 

2005 
Women 

CRC, CC, 

RC 

Q1 <1.5 servings/d vs Q5 

>4.5 servings/d ** 

3.9 servings/day 0.76$ (0.56-

1.03) 

0.65$ (0.45-

0.94) 

1.07 $ (0.62-

1.82) 
0.10 0.04 0.99 

Inverse association observed for CRC and CC, but 

not RC 

Schatzkin, 

2007 
Mixed 

CRC, CC, 

RC 

 Q1 0.2g/1000kcal/d vs 

Q5 1.3g/1000kcal/d *** 

 0.79 (0.70-

0.89) 

0.86 (0.75-

0.99) 

0.64 (0.51-

0.81) 
<0.001 0.03 <0.001 

Inverse association observed for CRC, CC and 

moreso RC 

NR, not reported, y, year; d, day; Q, quantile; CRC, colo-rectal cancer; CC colon cancer; RC rectal cancer;$ e xcluding cases with follow-up < 2 years 

** quantile exposure data reported as ranges; *** quantile exposure data reported as median values 
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Figure 37. Forest plot of the highest compared with the lowest quantile of wholegrain cereal intake and colo-rectal cancer risk 
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Figure 38.  Forest plot of per unit analysis (three servings/day) for wholegrain cereal intake and colo-rectal cancer risk 
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Figure 39. Forest plot of the highest compared with the lowest quantile of wholegrain cereal intake and colon cancer risk 
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Figure 40.  Forest plot of per unit analysis (three servings/day) for wholegrain cereal intake and colon cancer risk 
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Summary  

 

431. While some evidence suggested cereal fibre intake may be inversely associated with 

colo-rectal cancer incidence, available evidence for vegetable fibre showed no 

association.  For fruit and legume fibre there was no significant difference, but colo-

rectal cancer incidence tended to be lower for the highest compared with the lowest 

quantile of intake.  Insufficient studies have examined insoluble and soluble fibre in 

relation to colo-rectal cancer incidence to enable a meaningful interpretation.  A 

limited number of studies suggested that wholegrain cereal intake may be inversely 

associated with colo-rectal cancer incidence and this tended to reflect associations 

observed for cereal fibre. 

 

 


