Dietary fiber and carbohydrate metabolism'*?
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Relevant aspects of carbohydrate
metabolism

We usually think of blood glucose as rep-
resenting the body’s carbohydrate metabolism
and it is a useful index (1). The concentration
at any point reflects the balance between entry
of glucose into blood from the gut or from
gluconeogenesis, principally in the liver, and
removal by peripheral tissues for energy me-
tabolism, storage as glycogen, or conversion
to fat or, with hyperglycemia, removal via gly-
cosuria. Conceivably, any of these events
might be affected directly or indirectly by di-
etary fiber (Fig 1). Of them, only some of those
in the gut are definite but current work on
dietary fiber physiology is making others more
likely.

Some regulators of blood glucose, hor-
monal, and other energy substrates, may be
affected by dietary fiber. For example, insulin
secretion may be modulated by gut hormones
where release is in turn influenced by dietary
fiber (2, 3). Volatile fatty acids (VFA) are
products of dietary fiber metabolism by co-
lonic microflora and reach significant concen-
trations in the splanchnic circulation (4-7). If
energy balance is altered by dietary fiber, free
fatty acid (FFA) flux may in turn be altered.
These are questions deserving further inves-
tigation. More so since variables like serum
insulin and plasma free fatty acids have pre-
dictive power for health outcomes in their own

right (8).

Isolating dietary fiber effects

Several acute studies show an effect of some
isolated dietary fiber types, such as pectin and
guar, on blood glucose response to a carbo-
hydrate load (9). Differences in acute blood
glucose responses to foods high or low in di-
etary fiber may not be seen (10) or may be
attributed to any of several factors (11-16):
physical properties, such as particle size (3, 17,
18), viscosity (9), processing (19); or antinu-

trients, such as (1, 20) phytic acid, tannic acid,
lectins, saponins, and enzyme inhibitors. In
acute studies the effects of and interactions
with the macronutrients carbohydrate, fat, and
protein need to be taken into account (21, 22).

Perhaps one of the only long-term studies
of the effect of increased dietary fiber intake
on blood glucose in nondiabetics is that of
Brodribb and Humphreys (23) who studied
patients with diverticular disease for 6 mo. A
lower blood glucose response to a load was
seen. In diabetics, long-term, bran and guar
improve (24), but pectin does not (25), blood
glucose control.

With time, use of Anglo-Celtic style diets,
high in carbohydrate and dietary fiber and low
in fat (HCHFLFat), can improve insulin sen-
sitivity where it is impaired by a decrease in
fasting (basal) blood glucose (26-28). The ef-
fect is not always seen (29). Instead, improve-
ment in overall blood glucose profiles during
the day can be attributable to reduced incre-
mental response to a meal (29). Part of this
effect is attributable to an increased intake of
absorbable carbohydrate over several days
(30). Some of the effect may be attributable to
reduced fat (31, 32). At least, where Italian-
style diets are used, the improvement in in-
cremental blood glucose response after 10 d
can be attributed to dietary fiber (29). Assum-
ing some of the effect on basal blood glucose
is attributable to dietary fiber, after changing
from a low-carbohydrate, low-fiber (LCLF) to
high-carbohydrate, high fiber (HCHF) diet, up
to an average of 14 d is required for the full
effect to be seen (33) at least in type II diabetes.
Simpson and Wahlqvist (unpublished obser-
vations) examined the question as to whether
in type II diabetes after 3 wk on an Anglo-
Celtic HCHF diet there is a differential blood
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FIG 1. Sites of dietary fiber action on glucose flux.

glucose or plasma insulin response to a LCLF
or HCHF test meal; there is not. Thus, an ef-
fect of dietary fiber from food may not be ev-
ident acutely or with all background diets.

Chronic administration of some fiber types
(wheat bran or guar) to the experimental an-
imal alters intestinal morphology (34), an ef-
fect which might contribute to reduced glucose
absorption (35). Viscous fiber alters the activity
of enzymes involved in luminal digestion (36).
More work is required on the effects of dietary
fiber on mucosal enzyme function.

Some methods of assay for dietary fiber (37-
40) include resistant starch (41). The Englyst
method (42) and its modification (43) allow
an estimate of resistant starch to be made (44).
The Association of Official Analytical Chem-
ists (AOAC) method presumably includes
most resistant starch in the figure for dietary
fiber (45). Incomplete absorption of starch is
now recognized to occur in a variety of cir-
cumstances in health or in ileostomy patients
(46), with protein-starch and lipid-starch in-
teractions (11), and with cooking (44) although
higher temperature and pressure may make
starch more bioavailable through disruption
of starch granules (19). This phenomenon has
to be taken into account when identifying ef-
fects of dietary fiber if nonstarch polysaccha-
ride and lignin is what is meant.

Mechanisms of action

The first task when considering mechanisms
of action of dietary fiber and carbohydrate
metabolism is to distinguish between acute
and longer-term effects (Table 1). Putative
mechanisms can be broadly categorized into

those operating in the gut (on transit, digestion,
or absorption), those acting on gluconeogen-
esis, those acting on the regulation of blood
glucose (be it hormonally or through other en-
ergy substrates), and those acting on peripheral
glucose utilization (47, 48). Clearly, mecha-
nisms outside the gut must be indirect. This
systematic analysis allows possible mecha-
nisms presently inadequately explored to form
the basis of hypothesis development and test-
ing. Much work remains to be done.

TABLE 1
Dietary fiber effects on carbohydrate metabolism*

Mechanisms Acute Longer-term

Gut
Transit
Upper gut
Colon
Digestion
Luminal
Mucosal
Absorption
Gluconeogenesis
Fasting
Exercise
Regulation of blood glucose
Hormonal
Gut hormones
Insulin
Glucagon
Steroids
Other energy substrates
Free fatty acids
Volatile fatty acids
Peripheral glucose utilization
Energy metabolism ?
Storage ? . w
Renal loss w w

* Grades of evidence: G (good), F (Fair), W (Weak), ?
(Don’t know), and NA (not applicable).
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The physical structure endowed on food by
dietary fiber may alter access of luminal en-
zymes to food carbohydrate (1, 17). Activation
or inhibition of gut enzymes involved in
digestion of starch or simple sugars may be a
consequence of food factors associated with
dietary fiber (1). Effect on absorption may be
a consequence of effects on gastric or small
intestinal motility (1, 49) of dietary fiber-
nutrient interactions (50) or changes in intes-
tinal mucosal morphology (34). Yet another
mechanism by which dietary fiber may have
an effect on carbohydrate metabolism is
through the generation of VFA by colonic mi-
croflora and the absorption of VFA into the
splanchnic circulation where it may influence
hepatic metabolism (4).

Dietary fiber types

Dietary fiber is chemically heterogeneous
and not all dietary fiber types have similar ef-
fects on blood glucose response to a meal
whether it be acutely (51) or long-term (29,
33, 52). In many ways a statement about food
source of dietary fiber may be the most helpful
in indicating the physiological or pathophys-
iological relevance of dietary fiber types. With
current methods of dietary fiber analysis, it is
possible to make this a consideration of dietary
fiber chemistry (42, 43).

Leguminous vegetables are of particular in-
terest insofar as carbohydrate metabolism is
concerned. Their use is generally associated
with lower blood glucose profiles in diabetics,
both acutely (13, 53) and long-term (28).
However, the exaggerated use of a particular
food over another raises questions of the risk-
benefit ratio, especially since legumes contain
antinutrients (1, 20).

Caution is required in extrapolation of
findings of the effects of parent foods (eg,
wholemeal flour as bread) to more derivative
products (eg, extruded foods) (54) where, at
the least, the physicochemical properties have
changed.

Initial work on carbohydrate metabolism
with isolates of dietary fiber was with pectin
and guar. Not nearly enough work has been
done on the growing array of other commer-
cial preparations of dietary fiber in the mar-
ketplace, used principally for management of
bowel disorders, or of dietary fiber products
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used as thickeners in the food industry. Mod-
ified starches should also be investigated in re-
lation to potential dietary fiber-like proper-
ties (55).

Subgroups of the population

The effects of dietary fiber are not the same
in all subgroups of the population and this
applies to carbohydrate metabolism as well as
to other areas of physiology and pathophysi-
ology. We know very little about children or
about special effects in pregnancy or lactation.
The prevalence of impaired glucose tolerance
and of type II diabetes increases with advanc-
ing years and it can be expected that the role
of dietary fiber will change with age. Ethnic
food style may need to be taken into account
since each food culture provides a different
background total dietary-fiber intake and a
variety of dietary-fiber types (28, 29).

The metabolic response to dietary-fiber-rich
foods differs between healthy subjects, those
with type I diabetes and those with type II di-
abetes (3, 21, 56). The alteration of dietary
fiber intakes in diabetes should not focus only
on the blood glucose outcome but should be
mindful of the causes of premature death and
excess morbidity in diabetes, principally ath-
erosclerotic vascular disease, renal failure, and
retinopathy. Much more work is required to
evaluate the pathways connecting dietary fiber
and these endpoints (57-60). Since impaired
glucose tolerance is a risk factor for macro-
vascular disease, its potential for modification
by altered dietary fiber intakes needs consid-
eration in its own right.

Yet another consideration is the extent to
which medication used in the management of
carbohydrate disorders might interact with di-
etary fiber and the extent to which medication
might alter the handling of dietary fiber.

Conclusions

Dietary-fiber isolates, used in amounts un-
likely to be obtained from Western foods, can
lower blood glucose and alter hormonal pro-
files (especially for insulin and gastrointestinal
polypeptides) likely to influence carbohydrate
metabolism. Effects are seen both acutely and
in the longer term (days to weeks). Effects in
healthy subjects are less impressive than in di-
abetic subjects.
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Many studies examine the effects of high-
carbohydrate, high-fiber diets on carbohydrate
metabolism but few seek to identify a dietary-
fiber effect independent of carbohydrates or
other food components. When this is done,
acutely, in healthy subjects and in type II di-
abetic subjects, differences in blood glucose
responses to meals with and without fiber are
negligible. Differences in insulin and gastroin-
testinal polypeptides responses may be of bio-
logical importance. Here we are talking about
12-22 g fiber from a variety of foods at a given
meal. Most of the glycemic effect differences
between foods is unlikely to be attributable to
dietary fiber.

Longer term, in diabetic subjects a food
dietary-fiber effect distinct from carbohydrate
may operate on fasting (basal) blood glucose
or the glucose response to a meal, possibly de-
pending on the food culture examined (eg,
Anglo-Australian vs Italian). Dietary-fiber in-
takes per day range from ~15-20 g/d to ~50
g/d. As far as dietary fiber isolates are con-
cerned, effects are seen longer term with bran
in nondiabetic and diabetic subjects, with guar
in diabetic subjects, but not with pectin in di-
abetic subjects.

The mechanisms of dietary fiber action on
carbohydrate metabolism may operate at var-
ious sites. With acute studies the upper gut is
the most important site but with longer-term
studies, metabolic changes in the upper gut
may be important as well as the consequences
of fermentation in the lower gut.

In the final analysis, we will always need to
evaluate dietary fiber effects in food and meals.
The effects on particular metabolic events
should not be dissociated from overall health
outcomes. Therapeutic use of dietary fiber will
markedly distort the dietary fiber chemistry
profile usually obtained from food. Such use
presents the challenge of evaluating risk-
benefit ratios as with other therapeutic
modalities.
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