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Abstract

Background Misconceptions about the effects of dietary

fiber and ‘functional’ fiber on stool parameters and con-

stipation persist in the literature.

Methods A comprehensive literature review was con-

ducted with the use of the Scopus and PubMed scientific

databases to identify and objectively assess well-controlled

clinical studies that evaluated the effects of fiber on stool

parameters and constipation.

Results The totality of well-controlled randomized clinical

studies show that, to exert a laxative effect, fiber must: (1)

resist fermentation to remain intact throughout the large

bowel and present in stool, and (2) significantly increase

stool water content and stool output, resulting in soft/bulky/

easy-to-pass stools. Poorly fermented insoluble fiber (e.g.,

wheat bran) remains as discreet particles which can

mechanically irritate the gut mucosa, stimulating water &

mucous secretion if the particles are sufficiently large/

coarse. For soluble fibers, some have no effect on viscosity

(e.g., inulin, wheat dextrin) while others form high vis-

cosity gels (e.g., b-glucan, psyllium). If the soluble fiber is

readily fermented, whether non-viscous or gel-forming, it

has no effect on stool output or stool water content, and has

no laxative effect. In contrast, a non-fermented, gel-

forming soluble fiber (e.g., psyllium) retains its gelled

nature and high water-holding capacity throughout the

large bowel, resulting in soft/bulky/easy-to-pass stools.

Conclusion When considering a recommendation for a

fiber supplement regimen to treat and/or prevent consti-

pation, it is important to consider which fibers have the

physical characteristics to exert a laxative effect, and which

fiber supplements have rigorous clinical evidence of a

significant benefit in patients with constipation.
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Introduction

There are only twomechanisms by which fiber can provide a

laxative effect: (1) Poorly fermentable insoluble fiber parti-

cles can mechanically irritate the gut mucosa, stimulating

water/mucous secretion if the particles are sufficiently lar-

ge/coarse (fine/smooth particles can be constipating); and (2)

non-fermentable viscous/gel-forming fiber can retain its

water-holding capacity throughout the large bowel to resist

dehydration [1–3]. Both mechanisms require that the fiber

resist fermentation to remain intact and present throughout

the large bowel (must be present in stool) and that the fiber

increase stool water content, which is the primary mecha-

nism for both stool softening and increased stool bulk [1, 2].

Stool is mostly water (normal/formed stool &74–75 %

water content), and the texture of stool is correlated with

percent water content [1, 4, 5]. Relatively small changes in

percent stool water content can lead to relatively large

changes in stool texture: hard stool B72 % water content;

soft/formed stool&76 %; loose stool&80 % [1, 4, 5]. The

purpose of this review is to assess the laxative effect of
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fermentable isolated fibers, which comprise the majority of

marketed fiber supplements.

The Institute of Medicine (IOM) published a definition

of total fiber that differentiated dietary fiber (non-digestible

carbohydrates and lignin that are intrinsic and intact in

plants) from functional fiber (isolated, non-digestible car-

bohydrates that have been shown to have beneficial phys-

iological effects in humans) [6]. Note that the isolated, non-

digestible carbohydrates found in fiber supplements fall

into the second category and would be considered a

‘‘functional fiber’’ if there is evidence of a beneficial

physiological effect in well-controlled clinical studies. The

term ‘‘fiber supplement’’ may lead healthcare professionals

and/or consumers to believe that regular consumption will

provide health benefits that may be missing from a low-

fiber diet. For many fiber supplements, however, this belief

is not supported by well-controlled clinical evidence of a

health benefit. While most fiber supplements have a max-

imum daily dose of B10 g, doses up to 30 g/day will be

included in this assessment for completeness. The review

will be restricted to well-controlled, randomized clinical

studies. Many of the clinical studies assessing the effects of

fiber were conducted in healthy/non-constipated subjects

with normal bowel movement frequency, so assessments of

effectiveness will be based on objective measures of stool

output and stool water content, and/or subjective assess-

ments of stool consistency. An increase in bowel move-

ment frequency without a concomitant increase in stool

output and a stool softening effect means that each bowel

movement produces a smaller, potentially harder stool,

which is not a health benefit. It should be noted that, with a

given daily dose of an effective fiber supplement, healthy

subjects tend to show a greater increase in stool output than

constipated patients. Exhibiting a stool effect in healthy

subjects may not be predictive of a clinically meaningful

effect in patients with chronic idiopathic constipation.

When considering ‘‘dietary fiber’’ (intrinsic and intact in

whole foods), it is unclear how much of an observed health

effect can actually be attributed to a direct effect of the

dietary fiber in the gut, versus other dietary constituents

like sorbitol, a sugar alcohol with an osmotic laxative

effect that is independent of fiber (e.g., prunes have both

high fiber content and high sorbitol content, yet prune juice

has a similar laxative effect without the fiber) [1, 7, 8].

Much of the evidence supporting the health benefits of

dietary fiber is derived from epidemiologic studies, which

can be useful for establishing ‘‘associations’’ between

consumption of high-fiber diets and observed health effects

(or low-fiber diets and increased risk of disease), but lack

the control necessary to establish causation. An example of

an association between a high-fiber diet (dietary fiber, not

specific isolated fibers) and reduced risk of disease is the

reduced risk of cardiovascular disease [6]. The IOM

adequate intake (AI) guideline for dietary fiber (14 g/

1000 kcal of diet, or about 25 g/day for women and

38 g/day for men) is based on this association [6]. It is a

misconception that consuming the recommended levels of

dietary fiber will reduce the risk of constipation. The

American Gastroenterological Association made the fol-

lowing observation: ‘‘Constipation was associated with low

dietary fiber intake in some, but not other studies. How-

ever, these associations do not necessarily indicate causa-

tion. Although it is reasonable to try and modify these risk

factors, doing so may not improve bowel function.’’ [9].

Methods

A comprehensive literature review was conducted with the

use of the Scopus and PubMed scientific databases, without

limits for year of publication. Key search words included:

fiber, inulin, dextrin, wheat dextrin, resistant maltodextrin,

guar gum, oat, oat bran,b-glucan, barley, psyllium, ispaghula,

polydextrose, soluble corn fiber, fructooligosaccharide,

galactooligosaccharide, laxation, laxative, constipation, stool,

stool water content, bran, wheat bran, soluble, and insoluble.

Published clinical studies were identified and assessed for

study design, study population, fiber dose, objectivemeasures

of stool output and/or stool water content, and subjective

measures of stool consistency. The reference section of each

identified publication was also searched for any studies that

might have been missed in the database searches.

Results

Readily Fermented Soluble Fibers

Inulin is a naturally occurring storage polysaccharide

extracted from a variety of plants, including chicory root,

Jerusalem artichoke, onions, and garlic. Inulin is soluble,

non-viscous, has no water-holding capacity, and is readily

fermented. A total of three parallel-design, multi-week

clinical studies [10–12] that assessed the effects of inulin in

constipated patients (n = 35–100) were identified, with

doses ranging from 13 to 15 g/day. None of the studies

showed an effect on colonic transit time, stool consistency,

and/or stool output (g/day). There were also a total of eight

clinical studies (5 crossover, 3 parallel design) [13–20] in

healthy subjects (n = 6–200), with doses ranging from 5 to

20 g/day. None of the eight studies showed a statistically

significant effect on stool output, stool water content, stool

consistency, and/or colonic transit time. One additional

study in healthy subjects (3-week treatment crossover

design, n = 29) [21] did not assess stool output, but

showed a very small change in subjective assessment of
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stool consistency for the higher dose (7.5 g/day) [0.2

change on the 7-point Bristol stool scale, from 3.4 to 3.6

(normal stool consistency); p\ 0.05]. This dose also

showed a significant increase in abdominal pain, bloating,

flatulence, and borborygmus, which suggests that the dose

may not be well tolerated [21]. Considered together, these

data show that inulin is no better than placebo for a laxative

effect.

Resistant Starch, including resistant dextrin, is a starch

(e.g., wheat, corn) that has been artificially altered (e.g.,

heat/acid treatment) to make it resistant to enzymatic

degradation in the small bowel. The process can be

incomplete, leaving a percentage (e.g., 15–25 %) of the

supplement readily digested/absorbed as sugar [22, 23].

Resistant starches/dextrins are soluble/non-viscous fibers

and have no water-holding capacity, and the resistant

portion is fermented by gut bacteria. There were no studies

assessing the stool effects of resistant starches or dextrins

in patients with constipation. There were three studies that

assessed the effects of a dextrin in healthy subjects [24–26]

(n = 20–38) at doses of 7.5–15 g/day. A 7-day crossover

study of wheat dextrin 15 g/day [24] showed that stool

output significantly decreased, and stool water content

showed a directional decrease, consistent with a stool-

hardening effect. This observation is consistent with an

earlier crossover study of wheat dextrin where healthy

subjects reported harder stools with consumption of wheat

dextrin at the same dose of 15 g/day [23]. A crossover

study (n = 20, 2-week treatment period) of four soluble

fermentable fibers, including dextrin, pullulan, resistant

starch, and soluble corn fiber, all dosed at 12 g/day for

2 weeks, showed that none of the fermentable fibers had an

effect on stool output or stool consistency [26]. A 5-week

(2-week baseline, 3-week treatment) parallel study of

resistant maltodextrin [25] (n = 38), dosed at

7.5–15 g/day, showed no significant effect on bowel

movement frequency, stool output, stool water content

(directionally decreased versus placebo), or stool consis-

tency. Two additional well-controlled crossover studies

[27, 28] (10–21-day treatment periods) in healthy subjects

(n = 21–36) assessed the stool effects of soluble corn fiber

(dosed 20–21 g/day) and found no significant effect on

stool output or stool consistency. Considered together,

these data show that resistant starches/dextrins are no better

than placebo for a laxative effect and that wheat dextrin

can be constipating.

Polydextrose is a synthetic, indigestible polymer of

glucose and sorbitol that is soluble, non-viscous, and

readily fermented by the bacteria in the gut. Sorbitol, a

sugar alcohol that provides the laxative effect observed

with prunes/prune juice, exerts a dose-dependent osmotic

laxative effect that is independent of a fiber effect [2–4].

No studies were identified that assessed the effects of

polydextrose in a constipated population. There were a

total of six studies identified in healthy subjects. Two

studies assessed polydextrose at 8 g/day in healthy subjects

(n = 31–45) and showed no effect on stool output (g/day),

stool consistency, bowel movement frequency, or colonic

transit time [29, 30]. Four studies provided very high doses

of fermentable polydextrose (20–30 g/day) [27, 28, 31, 32],

and three of the four studies showed no significant effect on

stool output (g/day), stool softening, stool frequency, and/

or large bowel transit time [27, 31, 32]. Only one poly-

dextrose study (20 g/day) showed a minimal but statisti-

cally significant increase in stool output in healthy subjects,

accompanied by a significant increase in flatulence and

borborygmus [28]. The three studies with higher doses

(21–30 g/day) failed to show an effect on stool [27, 31, 32].

Based on the totality of available clinical data, polydex-

trose is no better than placebo for a laxative effect.

Gel-forming Fermentable Fibers, including b-glucan
(e.g., oatmeal), xanthan gum, and guar gum, are soluble

fibers that form viscous gels with high water-holding

capacity that would resist dehydration in the large bowel if

the fiber remained intact, but lose that water-holding

capacity when fermented/degraded [1, 2]. No studies were

identified in a constipated population. There were also no

well-controlled studies of b-glucan identified that assessed

a dose B30 g/day. At extreme doses (e.g., 87–100 g/day),

oat bran (b-glucan) consumption resulted in a minimal

effect on stool output (\1 g/g) and a decrease in stool

water content (harder stools) in healthy subjects [33–35].

For guar gum and xanthan gum, a crossover study (1-week

treatment periods) compared in vitro fermentation and

in vivo stool effects of these two gelling fibers (guar gum

15 g/day, xanthan gum 15 g/day) versus a non-fermented

gelling fiber (psyllium 14 g/day) in 7 healthy subjects [36].

Results showed that only non-fermented psyllium signifi-

cantly increased stool output (p\ 0.05), and psyllium was

also the only fiber to retain its viscosity (retained water-

holding capacity) during in vitro fermentation. Another

study of guar gum was a crossover design in 11 healthy

men who consumed a liquid formula with either no added

fiber or 15 g/day guar gum (18-day treatment periods) [37].

The guar gum showed no effect on stool output or stool

consistency. The same study also compared the 15 g of

guar gum liquid diet to a self-selected regular diet with

15 g of dietary fiber and showed that the self-selected diet

exhibited significantly higher stool output (161 vs.

78 g/day; p\ 0.0001) and stool water content (73 vs.

70 %; p = 0.008) than guar gum [37]. The authors noted

that other constituents of the diet, besides fiber, may affect

stool parameters. Taken together, these data show that

fermentable gel-forming fibers lose their viscosity and

water-holding capacity when fermented, and are no better

than placebo for a laxative effect.
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Discussion

The totality of published evidence from well-controlled

clinical studies supports a conclusion that fer-

mentable fibers are no better than placebo for constipation

(Table 1). It is therefore a misconception that an increase

in gut bacteria associated with fermentable fiber (e.g., a

‘‘prebiotic’’ effect) is a mechanism for a significant

increase in stool output. For an isolated fiber to exert a

laxative effect, it must resist fermentation, thereby

remaining intact throughout the large bowel [1, 2, 36], and

it must increase stool water content, which is the primary

mechanism for increased stool output and mechanically

softer stools [1–5]. When fermentable fibers are degraded

by bacteria in the gut, the fiber does not remain intact and

present to affect stool volume or stool form. This conclu-

sion is supported by studies that assessed fecal recovery of

inulin, which showed that no inulin was recovered from the

stool, consistent with complete fermentation [38–40].

The isolated fibers in marketed supplements are poly-

mers of sugar molecules linked together by bonds that

resist degradation by digestive enzymes in the small bowel.

Isolated fibers have unique characteristics based on the

types of sugars, as well as the way in which the polymer

chains interact with one another (e.g., straight chain versus

highly branched chain; Fig. 1). A branched polymer with

irregular branches does not pack in a regular array and,

therefore has little effect on viscosity or water-holding

capacity (e.g., inulin, polydextrose, wheat dextrin) [2]. In

contrast, a linear polymer (e.g., methylcellulose) consists

of a long straight chain of carbon–carbon bonds between

sugar molecules, and the longer the chain, the greater the

effect the fiber can have on viscosity (Fig. 1) [2]. Some

straight chain polymers have the added capacity to form

cross-links with adjacent polymers, forming a gel with high

water-holding capacity (e.g., guar gum, psyllium, b-glu-
can) (Fig. 2). Metabolic health benefits, including choles-

terol lowering and improved glycemic control, are gel-

dependent phenomena in the small bowel, and efficacy is

highly correlated with the viscosity of the gelling fiber

(Fig. 2) [41, 42]. Insoluble fibers (e.g., wheat bran) and

non-viscous soluble fibers (e.g., inulin, wheat dextrin) do

not provide these gel-dependent health benefits [42, 43].

A viscous, gel-forming fiber can provide metabolic

health benefits by its activity in the small bowel, but if it is

fermented in the large bowel (e.g., b-glucan, guar gum), it

loses its viscosity and water-holding capacity and, like non-

viscous fermentable fibers, has no significant effect on

stool output or stool water content/stool consistency

(Table 1) [1, 36]. In contrast, a gel-forming fiber that

resists fermentation will retain its high water-holding

Table 1 Clinically demonstrated laxative/regularity effects of fiber supplements

No water-holding capacity Water-holding capacity

Insoluble Soluble low/no viscosity Viscous Gel-forming

Wheat bran Wheat dextrin Inulin Partially hydrolyzed

guar gum

Methylcellulose b-glucan Psyllium

Source Wheat Chemically

treated wheat

Chicory

root

Guar beans Chemically treated

wood chips

Oats, barley Plantago

ovata

Degree of

fermentation

Poorly

fermented

Readily

fermented

Readily

fermented

Readily fermented Non-fermented Readily

fermented

Non-

fermented

Constipation/

stool softener

?a ±b ?

Diarrhea/stool

normalizer

?

a If particle size is sufficiently large/coarse to mechanically stimulate the gut mucosa
b Methylcellulose has an OTC indication for relief of constipation, but there are no well-controlled clinical studies in constipated patients to

support this indication

Fig. 1 Linear versus branched polymers. Drawings representing

linear and branched polysaccharides. Viscosity is a function of the

volume of a molecule as it rotates in water (effective hydrodynamic

size), so the longer the straight chain, the greater the effect the linear

fiber can have on viscosity. The volume ‘‘swept out’’ by a fully

extended linear fiber is much greater than a fiber with the same

molecular weight but with a ‘‘bush-like,’’ highly branched

configuration
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capacity throughout the large bowel, with the potential to

exert dual effects by softening hard stool and firming loose/

liquid stool (Table 1) [2]. An example is psyllium, which

resists fermentation to remain intact and present throughout

the large bowel [1, 8, 36] and acts to normalize stool form

by softening hard stool in constipation [1, 3–5, 43, 44],

firming loose/liquid stool in diarrhea [45–48], and reducing

fecal incontinence episodes [49]. A semisynthetic soluble

viscous fiber that resists fermentation is methylcellulose

(chemically treated wood pulp), and while it is marketed as a

fiber supplement for regularity, no randomized well-con-

trolled clinical studies were identified in the literature to

support a laxative effect versus placebo. It is important to

note that observed increases in stool output for constipated

patients will typically be lower than those observed for

healthy subjects at the same fiber dose, so an increase in

stool output in healthy subjects may not be predictive of a

laxative effect in chronic constipation. For example, psyl-

lium showed an increase in stool output of 4–5 grams per

gram of fiber consumed (g/g) by healthy volunteers and a

lower but clinically meaningful increase (1.4–3.7 g/g) in

patients with chronic idiopathic constipation [5, 44, 50, 51].

The second mechanism by which an isolated fiber can

have a significant effect on stool parameters is mechanical

stimulation/irritation of the gut mucosa by insoluble fiber

particles. Insoluble fiber (e.g., wheat bran) is poorly fer-

mented, so it remains relatively intact and present

throughout the large bowel [1]. The observation that coarse

wheat bran had a greater laxative effect than fine wheat

bran [52] suggested that the size/shape of the insoluble

particles had a direct effect on the large bowel. This led to

studies comparing the effects of insoluble wheat bran to

inert plastic particles (‘‘plastic’’ effect) on stool parameters

[51]. Plastic particles have no water-holding capacity and

are not fermented by bacteria, so any observed laxative

effect should be purely mechanical in nature. In a ran-

domized, 3-way crossover study, 12 healthy volunteers

consumed their normal diet with or without 15 grams of

coarse insoluble fiber (wheat bran) or 15 grams of plastic

particles (vinyl tubing cut to match the size of the coarse

wheat bran particles) [51]. Stool output increased for both

coarse wheat bran (4 g/g) and smooth plastic tubing (3 g/

g). Both the wheat bran and the plastic particles showed

similar reductions in whole-gut transit time (-10 h,

p\ 0.05), increased bowel movement frequency, and a

similar stool softening effect [51]. Subsequent studies

explored the effects of different particle sizes and shapes

and determined that the size and shape of the plastic par-

ticles had a greater effect than the number of particles

[53, 54]. One study showed that finely ground wheat bran

(15 g/day), with no mechanical stimulatory effect and no

water-holding capacity, had no significant effect on whole-

gut transit time or stool output and caused a decrease in

percent water content (harder stools) by adding only to the

dry mass of stool [55]. This decrease in stool water content

is consistent with reports from the healthy subjects of

difficult/uncomfortable bowel movements during the fine

wheat bran treatment period (constipating effect) [55].

There appears to be a limit to the mechanical stimulatory

effect of insoluble fiber in that consumption of 20 g/day

wheat bran for 6 days resulted in a rapid (within 38 h)

increase in mean stool output (150 g/day with placebo,

246 g/day with bran, p\ 0.05), yet consumption of wheat

bran 40 g/day did not increase stool output above that

observed with the 20 g/day dose [56].

In summary, fermentable fibers (e.g., ‘‘prebiotics’’) are

no better than placebo for a laxative effect. It is therefore

important to understand the physical attributes of isolated

fibers that may be the underlying mechanism for a laxative

effect: (1) fiber must resist fermentation to remain intact

and present throughout the large bowel and (2) increase

stool water content to bulk/soften stools. The two mecha-

nisms by which an isolated fiber can increase stool water

content are by (1) the mechanical irritation of the gut

mucosa by coarse insoluble fiber (e.g., coarse wheat bran)

and (2) the water-holding capacity of a gel-forming fiber

(e.g., psyllium). Readily fermented fibers (e.g., inulin,

wheat dextrin, guar gum, b-glucan) do not remain intact

and present throughout the large bowel and do not increase

stool output or stool water content. Further, isolated fibers

that add only to the dry mass of stool can cause a decrease

in the percent water content, leading to harder stools (e.g.,

wheat dextrin, fine wheat bran), providing one rationale for

why there is an inconsistent association between dietary

fiber consumption and constipation in epidemiologic

studies.

Fig. 2 Viscous and gel-forming linear polymers. Drawings repre-

senting viscous linear polymers (top) and gel-forming linear polymers

(bottom). Long-chain linear polymers orient parallel to adjacent fibers

and increase viscosity in a concentration-dependent manner. Some

long-chain linear polymers also can form cross-links that create a gel

in a concentration-dependent manner (behave as a viscoelastic solid).

Gel formation is an important driver of several metabolic health

benefits for dietary fiber supplements, including cholesterol lowering,

improved glycemic control, and stool normalization (soften hard stool

in constipation and firm loose/liquid stool in diarrhea)
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