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INTRODUCTLON

Diabetes mellitus of the juvenile- and adult-onset variety (Type I
and Type II, respectively) is associated with alterations in carbohydrate and
lipid metabolism. These in turn, have been linked to atherosclerosis, car-
diovascular disease, retinopathy, nephropathy,.and neuropathy. If glycemic
excursions and lipid levels can be reduced in Type I diabetic patients through
new vistas in diet modification, this may be of potential value in reducing
the incidence of diabetic complications when adhered to over long periods of
time.

Recently, studies have revealed evidence that diabetic éubjects
fed diets high in dietary carbohydrate and fiber show improved glucose tol-
erance, reducad insulin or sulfonylurea needs, and improvement in the serum
1ipid picture [1, 2, 3, 4, 5, 5], When diets high in carbohydrate {without
added fiber) are fed to adult diabetic and hypertriglyceridemic suhjects,
glucose tclerance and fasting plasma glucose are improved [7, 8] although
fasting plasma triglycerides are usually increased [2, 10]. This seems to
indicate that high levels of dietary fiber modify the hypertriglyceridemic
e¥fects of enhanced carbohydrate intake. Put studying the physiological ef-
fects of increasing dietary fiber, without also increasing the total car-
bohydrate intake or at least altering the ratio of simple to complex carbo-
nydrate, is difficult because foods 'vith the highest fiber to kilocalorie
(xcal) ratios are also very high in complex carhohydrates [11, 12]. Long-
term investigations with enhanced fiber as the on1y dietary variable are
therefore difficult to conduct in humans because the food choices are 1imited,
monotonous, and a high level of compliance is dif%icult to achieve.

Understanding the effects of dietary fiber on glvcemic control and

serum lipid levels in human diahetic subjects is an important prerequisite



to comprehénding the mechanism of action of the high-carhohydrate, high-fiher

(HCF) diets which have been so successful.



LITERATURE REVIEW

A. Fiber Defined

Interest in dietary fiber has gained increasing recognition in
recent years since Burkitt [13] and Trowell [14] first asserted that insuf-
ficient dietary fiber may be an etiological factor in the development of a
number of 'Western' diseases (Table 1). Trowell observed that diabetes mel-
litus and ischemic heart diseases are almost non-existant among African tribes
who consume diets high in unrefined cereal and grain products. Qa]ker [15, 16]
speculated that plant fibers exert protective effects against these disorders
and Burkitt has helped to popularize this hypothesis [13, 17]. Extensive
research has been concducted in recent years to determine the validity of
these assertions [18 - 42]. However, research is plagued by problems of term-
inology, definition, and analysis [43]. Fiter is composed of a number of
polymeric substancas [33, 43 - 45] and there is no scientific consensus as to
which of these are relevant as fiber in human nutrition [46] ; because the
specific components of fiber have not been agreed upon, there is no standard
method of analysis for "fiber" and, in turn, there is lack of published
analytical data on both total plant fibter and its individual components [43] .
The most comprehensive recent publication [12] lists nutritive and fiber con-
tents for only 342 food items.

Efforts are being made to define fiber and several definitions
have been proposed in this regard. Analytical methods have been devised to
detect the substances comprised under most definitions (Figure 1). Trowell
originally defined dietary fiber as "the remnants of vegetable cell walls
which are not hydrolyzed by the alimentary enzymes of man" [48]. Because
parts of the plant other than the cell wall are not hydrolyzed in the human

digestive procass, Trowell later redefined it as "plant polysaccharides and



TABLE 1

Western-risk diseases

Site Diseases

Colonic Constipaticn, appendicitis, diverticular disease, hemorrhoids,
polyps and cancer of the large bowel, irritable colon, ulcer-
ative colitis.

Metabolic Obesity, diabetes mellitus, ischemic heart disease, peripheral
vascular disease, varicose veins, deep vein thrombosis, gall-
stones, kidney stones, rheumatoid arthritis, multiple sclerosis,
senile osteoporosis, osteitis deformans (Paget's), pernicious
anemia, most varieties of thrombosis.

Zndocrine Thyrotoxicoses, myxedema, Hashimoto's thyroiditis, Addison's
hypocorticalism.

Others Dental caries, hiatus hernia, Crohn's disease

dypertension and strokes have been rare in population groups if low salt,

(1 - 3 g/day) has been combined with high-fiber, very high-starch diets.

Source:

reference [47]
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Tignin which are resistant to hydrolysis by the digestive enzymes of man* [49].
This allowed the inclusion o% indigestible substances which are not part of the
plant cell wall. Spiller and associates [43] argue that “"fiber" and "dietary
fiber" are inappropriate terms because many of the components are not fibrous
in nature. In addition, "fiber" is an inexact term used in many other fields
such as textiles, metals, and anatomy. Spiller prefers the term "plantix"
derived from Latin planta (plant) and matrix (matrix) to describe the undi-
gested plant materials that form a matrix in the human digestive system, up
.to the ileocecal valve. This concept is important, he asserts, because the
action of colonic bacteria on this matfix is responsible for many of the phyvs-
jological effects associated with plantix. "Complantix" could be used to
describe plantix-associated materials which may be associated with, or influ-
ence, the physiological action of plantix (Figure 1). Routine methods of
analysis have not been devised to analyze the plantix-associated compounds and
values for them are not included in tables which list the fiber content of
foods. For the purposes of this paper, plantix and dietary fiber will be
used interchangeably to reflect water-soluble and water-insoluble. polymers
described in Figure 1.

Following,is a brief description of the components of dietary fiber

and their associated physiological effects.

B. Components of Dietary Fiber/Plantix (see Table 2)

1. Cellulose

This is one of several insoluble cell-wall polysaccharides

(Table 2) and is the only truly fibrous component of the plant cell wall [44],
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Long, unbranched chains (3,000 to 100,000 units) of glucose linked in a B-1-%
maﬁnef are arranged in crystalline form and contribute to the fibrousness of
this compound [19, 51]. Structural stability and crystallinity are conferred
by extensive inter- and intra-molecular hydrogen bonding [44]. This is the g-
isomer of starch [52], resistant to human pancreatic amylase, but probably
suseptible to bacterially-produced colonic cellulases. Human metabolic studies
reveal that cellulose is degraded to a variable extent in the human colon [33,
53 ~ 56] but an average of 40% degradation is suggested as reasonable [44].
The variability in cellulose digestion (degradation) has been attributed to
differences in infestina1 transit time between human subjects [55]; those
with the longest transit times show the greatest apparent  digestibility of
cellulose [57]. A reasonable explanation for this phenomenon is that longer
transit times provide bacterial enzymes increased time to act on the fiber; this
is consistent with the observation that cellulose digestibility is proportional
to laxation rate [58].

Physiologically, cellulose has been shown to reduce blood glucose
levels in carbohydrate-sensitive individuals [29, 59] as well as normal man
and animals [60, 61]. Hypocholesterolemic effects have been small or non-
existent in some studies [59, 62 - 65] but significant in others [66 - 68].
Cellulose binds bile acids [64, 66, 69], decreases intestinal transit time{70],
and .prcvides protectinn against tumor  induction in animals [71]. In-
creased fecal excretion of magnesium, zin¢, calcium, phosphorus, or jron has
accompanied ingestion of cellulose in some studies [64, 70, 72, 73] but not

others [74 - 76].

2. Hemicelluloses

The hemicelluloses encompass a great variety (at least 250) of

8



cell-wall polysaccharides, composed of two or mare different sugars and a chain
length of 150 - 200 sugar units [44, 45]. As a broad generalization, xylose
sugars form the backbone of these molecules, with various substitutions and
degrees of branching [33, 77]. ‘temicelluloses are degraded in the colon to

a greater extent than cellulose [52, 54, 78]. Three properties of hemicellu-
loses may hold significance in human physiology: their capacity to bind ions,
hold water, and their digestibility [33, 44, 54, 57, 72, 78]. ‘owever, meta-
bolic studies are difficult to conduct with the hemicelluloses Secause these
substances are almost impossihle to isolate without damaging their structure

[45].

3. Pectic Substances

The typically amorphous character of the pectic substancas makes
"fibroud' a very inaccurate term to describe their ﬁhysica] properties [45].
Included in this group is the water—inso1uhjei protopectin, in additicn to the
water-soluable pectinic acids and pectin [52]1. The "parent"” molecule is a
polvmer of 1-4,B-N-galacturonic acid with variable degrees of esterification
[23, 441. Purified pectin is added to supplement the‘natura1 fruit pectin in
jam-making-to maké the product "jell". The gel-forming property of the pectic
substances has been well-documented [33, 45]. Physiologically, these hold
water (gel formation), bind cations and organic materials (bile acids), and
lower serum cholesterol [18, 33, 44, 45, 68]. Pectins are almost completely

degraded in the colon [33].

4. Lignins
The lignins are the only major plant fihers which are not poly-

saccharides [33]; chemically they are very inert [52] and resistant to enzymatic



digestion. The lignins are neither digested nor absorked in the human gas-
trointestinal tract [33], becauses lignin is normally metabolized aeraohically
{55]1. Physiologically, lignins bind bile salts and may decrease absorption

of fiher-associated nutrients in the small intestine [33].

5. Gums [44]

The plant gums are a group of highly-branched polymers contain-
ing uronic and galacturonic acids. They are non-structural plant materials
which form sticky exudates at the site of injury to plants, then dry to pro-
duce nodules which are hard and protective. Zommercially, these can be ob-
tained by inflicting injury - to the plant and collecting the fluid that
drains. In addition to. heing consumed in natural foodstuffs, they are commer-
cially added to processed foods as stabilizers, emulsifiers and thickeners,
and to pharmaceutical preparations marketed as laxatives. HMany qums are de-
graded by bacterial enzymes in the human colon [79]. Carageenan, konjac

mannan and locust bean gum lower serum cholesterol in man and animals [68].

6. Mucilages
This.-group of plant fibers exhibit structural similarity to the

hemicelluloses [52] but they are located in the endosperm of seeds, mixed with
digestible polysaccharides, rather than in the cell wall. Botanically, they
retain water in the seed to prevent its desiccation. Physiologically, muc-
ilages bind water and bile salts and exert hypocholesterolemic effects [44].
The cholesterol-lowering property of guar gum is well-documented [18, 32, 80,
811, evén when cholestyramine has proved ineffective [82]. Mucilages are

fermented in the human colon by bacterial enzymes [72].

10



7. Algal and indigestible storage polysaccharides

These consist of branched or linear molecules containing a
variety of pentose and hexose sugars. Few, if any, studies have examined
the physiologic effects of this class of plantix components, although it

is thought to be readily hydrolyzed in the qut [44].

8. Fiber associated substances

The fiber-associated substances are a group of indigestible
compounds associated with the plant cell wall. These include proteins, min-

erals, cutins, and waxes [44].

C. Analytical Methods

The fiber values most often reported in the literature are crude
fiber (CF) and dietary fiber (DF). In recent literature, values. for dietary
fiber are increasingly reported over those for crude fiber. Delineation bhe-
tween them is important because they contain different percentages of the
various fiber components. Since this distinction must be made if meaningful

conclusions are to be drawn from research, both will be reviewed briefly, here.

1. Crude fiber
Crude fiber was first analyzed by Einhof in 1806 [51] and was
considered an astimate of the indigestible fraction of animal feed, an im-
portant prerequisite in determining the nutritional value of the feed. Al-
though a modification of the Einhof method is still used today to analyze

fiber in human foods and is still reported in food composition tables (Unitad
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States Department of Agriculture Handbook Number 8 [83]), it probably has

no real significance in human nutrition. The method is very insensitive at
the Tow levels which are found in foods and it measures variable and under-
estimated proportions of plant cell-wall constituents [44]. In general, it
recovers only 50 - 80% of the cellulose, 20% of the hemicelluloses and 10 -

50% of the lignin [44, 51, 84, 85].

2. Dietary Fiber

Although crude fiber analysis is conducted by internationally
agreed-upon methods, there is no such agreement for dietary fiber method-
ology. Acid detergent fiber analysis proposed by Saunders [86 (Saunders)]
recovers most of the cellulose and lignin, but virtually none of the other
plantix components. Neutral detergent fiber‘analysis (American Association of
Cereal Chemists) recovers virtually all of the celluloses, hemicelluloses
and lignin [32, 86], which are major constituents of dietary fiber, but fails
to measure the water-soluble polymers (Figure 1). Southgate has developed a
series of complex methods for recovering both water-soluable and water-insol-
uable plant polymers [87]; this provides the most useful information for
studying the metabolic effects of dietary fiber. However, this method is
slow, tedious, and expensive, and food fiber values analyzed by this technique
are rare in the literature. Because methods of analyses for dietary fiber
recover a greater percentage of plantix components, values for dietary fiber

are generally two to five times the crude fiber values [ 84].

12



D. Effects of Fiber on Metaholic Parameters of Glucose and Lipid Metabolism

Subsequent to Burkitt and Trowell's proposed link between Tow fiber
diets and diabetes mellitus, extensive studies have been conducted to as-
certain the effects of high-fiber diets on parameters of glycemic control in
normal and carbohydrate-sensitive individuals. Investigations have focused
on the addition of fiber, variation of fiber ﬁype, as well as simultaneous

elevation of fiber and carbohydrate while necessarily limiting fat.

1. Effect on Glycemic Response

a. TFiber from mixed dietary sources: Human studies have shown

hypoglycemic and/or hypoinsu?iﬁemic response when high-carbohydrate and high-
tiber are combined as part of the cietary regimen. When seven healthy young
adults were fed two iscca1ori§ high {70%) carbaohydrate diets, either with

Tow (1 g crude) or high (18 g crude) fiber, the endogenous insulin response
to the high-fiber diet was only half as great (P<0.05 at 30 minutes and 2
hours) as the low fiber diet with an equivalent amount of carbtohydrate

Blood glucose was not significantly altered {3]. Anderson [2] has shown that
both insulin and glucose responses are lower in Type 11 diabetics fed high-
fiber (70 g dietary), high-carbohydrate (60 - 75%) compared to Tow (44%)
carbohydrate, high (70 g dietary) fiber diets. ‘Postprandial and fasting blood
glucose levels are almost always lower on high-carbohydrate, high-fiber

diets than conventional diabetic diets of lower carbohydrate (40-45%) and
fiber (20 g dietary/day) content. This has béen demostrated in Type LI
diabetics treatéd by diet and sulfonylureas [1, 5, 6, 88] as well as by diet
and.fnsulin 1, 4, 5, 6, 88]. Diabetics requiring insulin or sulfonylureas

prior to hjgh-carbohydrate, high-fiber (HCF) diet therapy can reduce or

eliminate them altogether in HCF diets while maintaining adequate glycemic
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control [1, 4, 5, 6, 7, 33, 89, 90, 91, 92]. The distribution of energy-
containing nutrients in these diets is listed in Table 3. The low fiher
diets are higher in simple carbohydrate that the high-fiber diets.- Since a
high ratio of simple to complex carbohydrate has been shown to increase

the endogenous insulin response [93], fasting blood glucose [94, 95] and
postprandial hlood glucose [96] in normal and diabetic human subjects, the
results of HCF studies cannot be interpreted on the basis of total carbohydrate
‘and fiber alone. Some investigators who show improved glycemic response
to HCF diets do not report the ratio of simple to.complex carbohydrate
emp1oyeﬁ in the experimental design [97], thus further complicating the
difficulty of interpretation.

Other studies have focused on the glycemic response to high-carbo-
hydrate diets in adult and diabetic hypertriglyceridemic subjects. As early as
the 1930's researchers began to associate high-carbohydrate diets with improved
glucose tolerance and decreased insulin requirements in nermal and diabetic
subjects (reported in [6]). Diets containing 60% of the energy as carbohydrate
resulted in decreased fasting plasma glucose (160 mg/d1) compared to diets
where 40% of kcal were fed as carbohydrate (200 mg/dl; P&0.05), while insulin
usage in diabetics decreased from 51 to 48 units per day (P<0.01) during the
six-week study [98]. Because additional carbohydrate was incorporated as
cereals and vegetables in this study, an increased level of fiber may have
influenced these values. Fiber influence could be discounted however, when
insulin-treated diabetics were fed equivalent amounts of dietary fiber (20 -

23 g/day) but high (70%) and Tow (43%) carbohydrate. Reduction in insulin
dosage (20 units/day to 12 units/day) was required to avoid hypoglycemia on the
high-carbchydrate diet (P<0.01;[71). Neither was fiber a variable when young,

normal subjects were fed sucrose at 60% and 80% daily kcal for 2 to 3 weeks,
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TABLE 3

Composition of representative 2000 kcal diets?

Component Control High-carbohydrate, high-fiber
g %kcal g Zkcal

Protein | 98 20 95 19
Carbohydrate

Total available 215 43 360 72

Simple 100 90

Complex 115 270
Fat 83 37 20 9
Total plant fiber 31 74

a
Source: reference [33]
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and glucose tolerance improved compared to sucrose at 20% and 40% levels [8].
Similarly,glucose tolerance was enhanced when Brunzell fed dextrimaltose to
insulin-treated diahetics for one week (reporfed in [97, 99]). However,
glycemic response has not uniformly improved at high levels of carbohydrate
intake. Hypertriglyceridemic subjects experienced impaired glucose tolerance
when carbohydrate was fed at 85% of kcal [10], and postprandial glucose
deteriorated‘in non-insulin-dependent diabetics receiving 60% of their kcal as
carbohydrate [100]. Other investigators [101] found diabetic control at high
levels of carbohydrate intake well-maintained, but not improved,

High levels of fiber from mixed dietary sources have improved num-
erous parameters of glycemic control [22, 27, 34]. Some investigations have
concentrated on cereal fibers [102], others on leguminous fibers [103, 104],
many on guar and pectin [20, 26, 31, 32, 35 - 37, 60, 98, 103, 105] , and a
few on fru{ts and vegetahles [30, 102]. Results of these studies have shown
conclusively that fiber from different sources has different physiological
actions [104] and these can be modified by the form [106] and degree of in-
tactness [301 in which the fiber is administered. This was shown elegantly
by Haber and Heaton [30] when they fed three meals, each containing 60 g car-
bohydrate from apples to normal volunteers: a} apple-juice (fiber-free),

b) apple-puree (fiber-disrupted), and c) whole apples (fiber intact). The
whole apples produced greatest satiety and the least rise in serum insulin and
glucose (P<0.05) as opposed to fiber-free juice and fiber-disrupted puree.

0f the specific fiber sources which have been studied, most is known
about guar and pectin. This is largely attributable to the wprk of Jenkins
et al. [18, 26, 28, 31, 32, 35, 60, 103, 104, 106, 107]. Guar and pectin im-
prove meal glucose tolerance without altering endogenous insulin secretion by

normal subjects or Type II diabetics [20, 60] and reduce insulin needs by
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more than 12% (P<0Q.0%) in insulin-dependent diabetics as assessed by an
artificial endocrine pancreas [37]. Longer temrm studies with guar and
pectin show a large (30 - 68%) reduction in glycosuria [26, 35] with a simul-
taneous decrease in insulin doses[35]. In all of these studies the beneficial
effects of guar and pectin have been accomplished without concurrent increase
in dietary carbohydrate. Leguminous fibers have exerted similar but more
pronounced effects on ﬁarameters of carbohydrate tolerance, both with [91]
and without [103, 104] increasing the percentage of kilocalories from
carbohydrate, Fiber from apple and carrot [30, 102] significantly improves
glucose tolerance.

High (30 - 54 g/day) mixed dietary fiber, normal carbohydrate
(43 - 53%) diets have shown inconsistency in normalizing glycemia. Maturity-
onset diabetics seem to benefit from 30g mixed dietary fiber daily [27].
Such diets result in significantly lower mean plasma glucose and endogencus
insulin values compared to isocaloric diets with equal carbohydrate. Similar
results were obtained when 54 g dietary fiber and 53% carbohydrate were
fed to insulin-treated diabetics for 10 days [34]. An index of mean dai}y
glucose values decreased with fiber addition (317 to 224; P<0.05) as did
24-hour urine glucose excretion (17.5 to 3.1 g/day; P<0.025). This is
significant because it is the only high-fibér, normal carbohydrate study to
maintain the same ratio of simple to comp1ex'carbohydrate between high and
Tow-fiber, equal carbohydrate diets. Other studies vary this ratio, so that
results are difficult to interpret on the basis of fiber alone. 1In one such
study [22]., diabetics were fed high (33 g/day) compared to low (18 g/day)
dietary fiber for six weeks. Carbohydrate was maintained at 35% of kcal but
the ratio of simple to complex carbohydrate was higher on the high-fiber than

Tow-fiber diet. No significant changes were observed in‘g1yc05y1ated
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hemoglobin or 24-hour urinary glucose excretion, although postprandial
plasma glucose was slighly reduced (14.5 to 11.6 millimoles/liter). The
authors concluded that ihcreasfng fiber without increasing carbohydrate
did not improve diabetic control.
Hypoglycemic effects have also been ohtained when 26 g fiber from
corn bran and soy hulls were added to low (3 g crude} fiber diets of 10
healthy subjects for 30 days [102]. One-hour postprandial glucose significantly
decreased with both fiber sources (109 to 71 mg/dl and 113 to 78 mg/dl,
respectively; P<0.05).

b. Fiber from wheat bran: Along with cellulose, wheat bran is the

most commonly added fiber to baked goods [108], so it is natural that many
studies connected with the glycemic effects of fiber will also scrutinize
wheat bran. The bran of wheat comprises all fhe layers of the grain kernel
outside the endosperm (from which flour is made). Wheat bran is neither of
uniform composition nor composed entirely of fiber; both will vary with the
type of wheat from which the bran is derived [44, 109]. In general, wheat
bran contains between 38 and 45% neutral detergent fiber by weight [86], and
is rich in cellulose, hemicelluloses and lignin [110]. Its digestibility is
estimated between 36% [111] and 56% [112]; the large variation found is pro-
bably due to the particle size used in estimating digestibility, as small
particles are better digested than large [55].

Wheat bran has generally been found to enhance glucose tolerance
in normal individuals. When forty patients with diverticular disease were
treated with 24 g bran/day for six months, oral glucose tolerance was improved
at one (P<0.002) and one-and-one-half (R:0.04) hours, even though bran was not
administered with the glucose load [113]. When 41 g wheat bran was given with

a 50 g glucose load to normal subjects, blood glucose was significantly
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Tower at 30 minutes (P<0.05) compared to the control, and the area under the
glucose tolerance curve was reduced [601; Similarly [114], wheat bran intake
at approximately 36 g/day improved glucose tolerance in normal subjects

at all points on the curve greater than 30 minutes.

Reduction in glucose values is also experienced by carbohydrate-
sensitive individuals. After raw bran was consumed (20 g/day; 1 month) by
38 adults with impaired glucose tolerance, areas under the tolerance curves
for both glucose and insulin were significantly (P<0.001) reduced [115],
Supplementation of approximately 35 g/day wheat bran, resulted in significantly
(P<0.01) diminished glycosuria in both stable (26 to 13 g/day) and labile
(53 to 36 g/day) diabetics [116]. Blood glucose was also significantly
lower in the afternoons and evenings compared to control values. In both
groups, glycosylated hemoglobin was depressed with wheat bran addition,
but not significantly during the 15 day evaluation period.

c. Fiber from cellulose: Unlike wheat bran, cellulose is virtually

ubiquitous among members of the plant kingdom, its composition is uniform, and
it is almost 100% dietary fiber. Whereas bran is a food containing carbo-
hydrate, protein, fat, vitamins and minerals, there is no significant
nutrient value to be derived from cellulose. Cotton and wood pulp are
excellent sources of cellulose, which is generally purified to food-grade
fiber from the latter. The versatility of cellulose lies in its absence of
flavor and color, and its indistinguishable shape when added to food products
as. a fiber-enhancer [117]. Improvement in glucose tolerance has been
experienced by carbohydrate-insensitive individuals when 15 g methylcellulose
was taken with a 50 g glucose load. One hour after the glucose load, blood
glucose was significantly lower compared to the control and there was a 29%

reduction (P.0.05) in the area under the glucose tolerance curve [60].
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Improvement in glucose tolerance was not ocbserved in other normal subjects
under similar conditibns [114]. Streptozotocin-induced diabetic rats have
exﬁerienced a significant (P<0.05) reduction in fasting plasma glucose when
cellulose was fed as 10% of the diet [59]. This observation has been con-
firmed in humans by Miranda et.al. [29], who found significantly (R 0.001)
lower mean plasma glucose values in insulin-dependent diabetic patients fed
diets with 20 g crude fiber (predominantly as cellulose) compared with
isocaloric diets containing 3 g crude fiber (120 mg/dl vs. 169 mg/d1).
Serum-free insulin levels remained unchanged. Hypoglycemic reactions were
more frequent on the high-fiber diet.

d. Mechanism of action: A number of mechanisms have been proposed

for the hypoglycemic effects of dietary fiber and are discussed below.

Foods with a high-fiber content may delay gastric emptying, slowing
carbohydrate release into the small intestine, and subsequent absorption
into the blood [33, 118]. Jenkins has coined the term "lente" or "slow-release
carbohydrate" to describe this phenomenon [28]. Second, the formation of
intraluminal gels by soluhle viscous fibers such as pectin and guar, may
result in slower absorption of carbohydrate from these gels in the small in-
testine [33]. Studies with fibers of varying viscosities show that the rise
in blood glucose is highly correlated with the viscosity of the fiber [28, 60,
107]. Another suggested mode of action involves the reduction in intestinal
transit time by insolubler fibers, thereby diminishing the time for carbo-
hydrate absorption in the small intestine [33]. Fourth, the composition of the
fiber itself may affect gastric emptying. Wheat bran enhances glucose
tolerance to a greater extent than cellulose [114], causing the authors to
speculate that the lipid constituents of bran slow gastric emptying and the

subsequent release of glucose from the small intestine into the blood.
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Recently, there is evidence for a fifth mechanism, This involves an increased
number of insulin receptors in response to a high-fiber diet [119], thus
increasing sensitivity to available insulin. Improved glucose tolerance on
fiber-enriched diets does not appear to be related to enhanced insulin |
secretion [5]. Last, high-fiber diets may diminish the release of gastric
inhibitory polypeptide from the intestinal mucosa [6, 27, 120]; this peptide
is a stimulus for insulin secretion [12]]; As such, this may be one reason
fiber-supplemented meals can be accompanied by decreased insulin secretion

[2, 3, 35]. Thus, a number of factors may contribute to the altered

glycemic and insulinopenic effects accompanying fiber-enriched diets.

2. Effact on blood lipids

Concomittant with the hyperglycemia of diabetes mellitus exist
disorders of 1ipid metabolism [122] that may have an important role in the
development of vascular damage [6, 123 - 127]. A high fregquency of vascular
degeneration [128 - 130] such as arteriosclerousis [125], and micro-
angiopathies of the retina and kidney [131 - 134] have been reported in studies
of diabetic populations., Since the blood 1lipid pattern and vascular lesion
in diabetes may well be related to the degree of diabetic control [6, 122 - 127,
130] and since these often lead to premature death [125], the control of hyper-
lipidemia as well as hyperglycemia is a major task in the management of diabetic
patients. Although hypertriglyceridemia is the most common 1ipid abnormality
observed in patients with diabetes mellitus (90% of juvenile-onset diabetics
with ketoacidosis have elevated triglyceride levels [128]), serum cholesterol
is usually monitored in conjunction with triglycerides [135]. Lipoprotein
electrophoresis yields supplementary information about the mature of the lipid

abnormality. HDL-cholesterol analysis may reveal information on the amount of
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protection offered the arterial wall against degenerative vascular changes
[136].

Evidence that fiber-enriched diets ameliorate elevated atherogenic
lipid levels in hyperlipidemic subjects or depress 1ipids in normolipemic
individuals will be reviewed.

a. Fiber from mixed dietary sources: Serum lipid patterns of

diabetic and hyperlipidemic subjects are almost universally enhanced when
high-carbohydrate (60 - 75% of kcal) is fed in combination Qith high
(approximately 60+ g/day) dietary fiber [1, 3 - 7, 34, 38, 89 - 92, 97, 101,
137, 138]. When healthy young adults consumed 70% of kcal as carbohydrate
with either Tow (1 g) or high (18 g). crude fiber, significant (P<0.05)
reductions in fasting plasma cholesterol and triglycerides were noted on
fiber-enriched diets, but not with the low-fiber diet [3]. Tremendous
reduction (63%) of hypertriglyceridemia was experienced by otherwise normal
patients [137] subsequent to only 12 days of high-carbohydrate (70% kcal),
high-fiber (35 g/1000 kcal) diet therapy (1148 mg/d1 to 426 mg/dl; P 0.01),
thus alleviating the rise in fasting triglycerides that normally accompanies
high-carbohydrate diets [2, 9]. Other investigations reveal similiar results
[7, 99]. Reductions in fasting serum triglygerides tend to be related to the
magnitude of initial hypertriglyceridemia [6], as normolipemic volunteers [4]
do not experience such dramatic reductions (131 mg/d1 to 128 mg/d1; not
significant). In general, the change in fasting serum triglycerides is
inversely related to the dietary change in fiber [89].

Improvement in hypercholesterolemia has been noted with high-
carbohydrate, high-fiber (HCF) diets. After fifteen months or more of
treatment, HCF diets show significantly (R 0.001) reduced fasting serum chol-

esterol (194 to 146 mg/d1 [1]; 206 to 141 mg/dl [7]; 206 to 147 mg/d1 [4])
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compared to control values estahlished on individual "Western" diets. High
(61%) carbohydrate, high (97 g/day] leguminous fiber diets [91] (P<0.05)
reduce normal cholesterol values after six weeks compared to traditional,
low (40%) carbohydrate, low (15 g/day) dietary fiber diets in Type I and
Type II diabetics (186 to 159 mg/d1). Reduction was seen with LDL-cholesterol
in Type II diabetics (125 to 101 mg.d1; & 0.01), and in Type I (116 to 99
mg/d1) although statistical significance was not achieved in the latter.
However, HDL-cholesterol, a negative risk factor-{n heart disease, also
declined in insulin-dependent diahetics (55 to 46 mg/dl; P<0.05). Hypo-
lipidemic effects of HCF diets are thought to result at least partially from
the replacement of total and saturated fat with carbohydrate [6, 99].
Although improvement in the lipid picture is generally achieved
with HCF diets, high-carbohydrate diets without additional fiber produce
di fferent results. Fasting serum triglycerides rise when carbohydrate is
fed at 65% [9] and 70%7[7] of kcal compared to 43 - 45% carbohydrate (71 to
118 mg/dl and 134 to 171 mg/d1, respectively), without increasing fiber. In
addition, elevations occurred in both cholesterol (238 - 276 mg/d1) and
triglycerides (305 - 624 mg/d1) when carbohydrate was increased from 17%
to 85% of kcal in patients with premature atherosclerosis [10]. Some studies,
however, report improvement or no change in cholesterol and triglyceride values
when subjects are fed high (65 - 85%) carbohydrate diets [98, 101, 138].
Scrutiny of the method of enhancement (increasing tuberous vegetables[98]1;
increasing wholegrain cereals [138]; method not discussed [101]) reveals that
additional fiber was probably added concurrently and inadvertently as carbo-
hydrate was increased. Although the authors discuss their findings with
reference to increased carbohydrate, fiber is probably a modifying factor

which should be considered when interpreting these redults. It is likely,
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then, that increasing carhohydrate without increasing fiber is detrimental to
the 1ipid picture of normal and hyperlipidemic subjects. |

Just as it is difficult to increase carbohydrate for extended
periods of time without also adding fiber, it is difficult to increase
fiber without adding carbohydrate. Studies have attempted this in order to
examine fiber effects on the 1ipid picture of human subjects. Fiber from a
variety of food sources has been studied. Stasse-Wolthuis et al, [41] fed low
(12 g) and high (45 g) dietary fiber d{ets each with low (170 mg) and high
(663 mg) cholesterol to 46 healthy volunteers such that at least two diets
were consumed hy each suhject and each diet was of three weeks duration.During.
all diets, at least 50% of the fiber was derived from breads and cereals and
the other half from fruits and vegetables so that fiber from multiple natural
sources was consumed. Changing from low to high-fiber diets caused a
significant(P< 0.01) reduction in serum cholesterol at both high and low levels
of cholesterol intake (12 mg/d1 and 17 mg/dl, respectively). Triglycerides
were unaffected. Unfortunately, HDL-cholesterol also declined (4.0 mg/dl;
P< 0.05) at both cholesterol levels when subjects changed from low to high-
fiber diets, then HDL-cholesterol increased to control values when changed
from high to low-fiber regimens. Rivellesse [34] found HDL-cholesterol
unaffected by mixed-fiber addition for 10 days in diabetics, although the
atherogenic Tipids were depressed (total cholesterol 214 to 185 mg/dl,
P< 0.001; LDL-cholesterol 130 to 108 mg/dl, P< 0.05; VLDL-cholesterol 24 to
21 mg/dl, not significant; total triglycerides 69 to 61 mg/dl, P <0.05). Thus,
the general blood 1ipid picture improves when subjects are fed high-fiber
diets from a variety of sources, although HDL-cholesterol is sometimes

depressed.

Other investigators have undertaken to determine the lipemic effects
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of specific types of dietary fiber. Twenty grams per day purified fibers
from carrot, cabbage, guar, pectin, bran, and apple fed tb healthy subjects
for three weeks induced no change in fasting serum triglycerides or chol-
esterol, although carrot fiber significantly depressed HDL-cholesterol [18].
Others [139] found 200 g raw carrot elicited a decrease in total serum
cholesterol (255 to 228 mg/d1; P<0.05). Serum cholesterol was also depressed
(14%; P< 0.05) when 26 g soy hulls were added to a typical U.S. diet (44%
carbohydrate, 3 g crude fiber) for one month [42]. Similar administration of
corn bran, soy hulls. and textured vegetable protein reduced serum triglycerides.
Guar and pectin have been shown consistently to decrease serum cholesterol in
human and animal studies [18, 26, 28, 35, 80, 82, 103, 140 - 142].

In general, hypolipemic effects are attributed to a number of indi-
vidual naturally-occurring food fibers, with greatest hypocholesterolemic
effects being linked to the more soluble fibers.

b. Fiber from wheat bran: Because wheat bran tends to bind bile

acids, it has been studied extensively for hypocholesterolemic properties.

In 1976, Trusswell and Kay [143] reviewed ten studies of wheat bran and its
effects of blood lipids. The human subjects on these studies ranged from

19 to 89 years old and from normal to hyperlipidemic and gall-bladder
patients. DOuration of the studies varied from three to nineteen weeks, and
bran feeding from 14 g to 57 g per day. Wheat bran induced no effect on serum
cholesterol in all but one study (- 7%), or on triglycerides in but one (- 18%).
These 1ipid changes did not appear to. be related to length of study, type of
subjects or amount of bran fed. Other human studies show wheat bran to have
no effect on total serum cholesterol ([144] 30 g all-bran + 30 g wheat bran
per day, 16 patients, 1 month; [145] 50 g wheat Bran cereal, 1 month},

although HDL-cholesterol was increased on the former (55 - 61 mg/dl; P< 0.05).
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Ranhotra [65], Vahouny [146] and Chen [141] found wheat bran ineffective in
lowering total serum cholesterol or triglycerides in rats, and it has not been
shown to do so in monkeys (reported in [68]). Hypercholesterolemic effects
(13 mg/d1; P<0.005) have been noted by others ([147] 38 g wheat bran per day,
16 subjects, 5 weeks) when HDL-cholesterol remained stable, but supression

of the HDL fraction was realized in at least one study of healthy young

adult males (59 to 51 mg/dl; P< 0.001 [108]). Enhanced HDL has been found by
others (56 to 61 ﬁg/d1 after 1 month, P< 0.05 [144]).

Studies conducted since the Trusswell and Kay review suggest wheat
bran might exhibit hypocholesterolemic properties in some‘individua1s. Thirty-
eight patients with impaired glucose tolerance experienced significant
(P< 0.001) reductions in serum cholesterol (234 to 212 mg/d1) and trigly-
cerides (108 to 97 mg/d1) when 20 g wheat bran was added to their normal
diet. for one month. Fourteen subjects were studied for an additional two
months; half discontinued wheat bran use while half continued to incorporate
it into their diets. Patients who continued hran treatment maintained their
metabolic improvement but the half who discontinued bran did not [115].
Similar results have been obtained by others [148, 149]. Hypocholesterolemic
properties of bran have been shown after two to three weeks when ingested as
part of a high-cholesterol diet by normal subjects [141,150] but not until six
weeks in other studies [151]. Wicks [151] postulates this delay in the action
of bran may indicate that the hypocholesterolemic action of bran is not merely
a result of impeding the absorption of secondary hile acids, but rather that
its action may be to reduce the formation of secondary hile acids by
altering colonic microflora. Such a change would presumably take Tonger to
occur.

A 12% decline in total plasma cholesterol (168 to 149 mg/dl; P<0.05

26



[42]), with LDL-cholesterol declining similarly (105 to 83 mg/dl1; P< 0.05) has
been noted in young adults fed 26 g hard red spring wheat hran for 30 days in
addition to a normal "Western™ diet. Interestingly, soft white wheat bran
(American Association of Cereal Chemists (AACC), chemically defined wheat bran)
did not induce this decrease in lipoprotein cholesterol fractions, although

its composition is similar to the hard red spring wheat bran. At higher levels
(36 g/day) AACC wheat bran fed to young adults did induce a reduction in the
LDLachﬁiestero? fraction (59 to 51 mg/d1; P<0.001 [148]). Uniformity in the
action of wheat bran has not been realized between studies, even with identical
wheat bran, and when strong similarities exist‘between subjects, amount fed,
and duration of the study.

c. Fiber from cellulose: Hypocholesterolemic or hypotriglyceridemic

effects attributable to cellulose are rare in the Tliterature, except at very
high levels of intake. Feeding cellulose to rats at less than 20% feed weight,
generally induces no reduction in total serum cholesterol or the LDL and VLDL
fractions [59, 65, 142, 1461, hut incorporating cellulose as 30% of tﬁe diet
weight [66] produces a significant (P<0.05) drop in these 1ipids (total chol-
esterol 140 to 119 mg/dl; LDL + VLDL 31 to 21 mg/d1). The lower serum chol-
esterol is associated with an increase in tﬁe fecal excretion of neutral
steroids and hile acids. This observation has been confirmed in human studies
at very high levels (100 g/day) of cellulose feeding [67]. In the latter
study, adolescent girls were fed a series of thres diets. for 1C days each; a)
control, b} control plus 4000 mg cholesterol and c¢) control plus 4000 mg
cho1e§tero1 plus 100 g microcrystalline cellulose per day. Serum cholesterol
and fecal hile acid excretion were Towest on the control diet (138 mg/d1;

79 mg/day, respectively). Cholesterol feeding markedly elevated serum

cholesteral from the control (226 mg/d1), but the addition of cellulose

2t



(diet c¢) brought the cholesterol closer to the control level (170 mg/d1). The
hypocholesterolemic effect was accompanied By a tremendous increase in fecal
bile acid excretion (147 (diet &) to 213 (diet c¢) mg/day). Other human studies
which have evaluated the hypocholesterolemic potential of cellulose generally
conclude its. effect is non-existent [62, 63, and 2 studies reviewed in 64],

but the maximum intake of cellulose on these diets was 16 g/day. Cellulose is
probably hypocholesterolemic at very high 1evé1s of intake but does not exert
significant physiologic action at lower levels commonly incorporated into test
diets., Its effect gn triglycerides and lipoprotein-cholesterol fractions has
not been evaluated in humans at higﬁ levels of intake.

d. Mechanism of action: The major hypothesis for a mechanism of

hypocholesterolemic action of the dietary fibers is that bile acids are bound
by fiber in the gut and excreted in the feces rather than re-entering the
enterohepatic circulation. This Towers the bile acid pool and affects the
hepatic metabolism of cholesterol by diverting it into the bile pool. This
makes less cholesterol available for incorporation into the various 1ipo-‘
protein fractions and consequently, less is available for release into the
circulation [33, 46, 152]. [In addition, diets high in fiber tend to be high
in carbohydrate; high~fiber high-carbohydrate diets in turn, are generally
Tow in fat and cholesterol. Fiber may indirectly contribute to depressed
lipid levels by displacing foods known to contribute to the atherogenic

lipids [153].
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MATERIAL AND METHODS

A. Patient Population and Experimental Protocol

Four young adult (18 - 26 years) non-obese human subjects (2 male,
2 female) with Type I diabetes mellitus (duration 6 - 18 years) volunteered
to participate in this study. Pertinent clinical data are shown in Table 4.
A1l expressed motivation to participate. Experimental and baseline diets were
consumed for six weeks followed by a four-week "recovery" period during which
each subject consumed a diet to which he/she was accustomed prior to exper-
imentation (Figure 2). Each patient served as his own control. Informed
consent was obtained (Aphendix A). A detailed diet habit/food preference
questionnaire (Appendix B) was completed by each subject to facilitate indiv-
jdualized diet planning. Diet records were maintained in booklet form through-
out the study periods (Figure 3) and activity records kept for five consecu-
tive work/school days of each study period (Figure 4). In the diet booklets,
subjects also recorded weekly weights, hypoglycemic reactions and factors
which may have affected insulin needs or blood sugar (Figure 5). Verbal and
written directions for using the booklets were given to the subjects (Appen-
dix C).

During the control period,‘sybjgcﬁs followed normal daily routines at
home , recokding the information contained-iﬁ Figures 3, 4, and 5. Diet record
information from control periods was used to calculate the average amount of
protein, fat (total, saturated, and cholesterol), carbohydrate (total and
simple), dietary fiber and kilocalories the individuals consumed at each meal and
snack. Calculations were based on tables from published sources [11, 12, 83,
154 - 168]. Both high-fiber diet variations (wheat bran and cellulose) were
calculated to include identical proportions of the above nutrients consumed

during the control period. The exception was that 60 grams of dietary fiber were
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Time

Intensity

Activity

FLGURE 4.

Example of activity record
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incorporated into both the wheat bran and cellulose diets, with 50% of the fiber
being derived from hard red spring wheat bran or microcrystalline cellulose on
the respective treatments. Diets were planned to allow for individual prefer-
ences and constraints.

Information on daily activities during the baseline phase was used to
calculate the approximate number of kilocalories expended in one-hour periods
[169]. An outline of the calculation procedure is contained in Appendix D.
Individual kilocalorie expenditure was then duplicated while subjects were
connected to the hiostatoﬂm. (Subjects rode a stationary bicycle once an hour
at 10 miles per hour for the length of time required to approximate hourly energy
expenditure during the contrel period.) Bicycle exercise on both high-fiber
treatments was identical to the control so that exercise while on the bio-
stator would not affect insulin requirements. In addition, free-living gctivity
information was collected during high-fiber diets to compare these average
activity levels with those levels during the control diet.
| Throughout the study, patients were instructed to test their urine

for sugar quarter in die by the 2 drop Clinitest® method? approximately one-

half hour before each meal and again at bedtime. If Clinitest was unreasonably
inconvenient, subjects were to test their urine with Testapéw b, Urine was
checked for ketones® ©" d only if urine sugar exceeded 2% for three or more

cofisecutive times. All patients had been previously instructed in self-insulin-

® : Registered trademark

dpmes Division, Miles Lahoratories, Inc., Elkhart, Indiana 46515
BE1i Li11y and Company, Indianapolis, Indiana 46285

thcetest®, Ames Division, Miles Lahoratories, Elkhart, Indiana 46515

dketo-diastix Reagent Stripd@, Ames Division, Miles Laboratories, Elkhart,
Indiana 46515



ization and were told to continue such treatment throughout the entire study.
A1l insulin doses and urine test results were recorded as described in Figure 3.

During. high~fiber diets, fibher was consumed as fruits, vegetables,
cereals and bread. Special breads were developed for the high-fiber diets
through the joint cooperation of the American Institute of Baking and the
Department of Foods and Nutrition, Kansas State University, both of Manhattan,
Kansas. A wheat bran bread was developed to contain 30% of the flour weight as
hard red spring wheat Bran (Appendix E) and a cellulose bread formulated to
contain 30% of the flour weight as microcrystalline cellulose (Appendix F)28,
Several granola products were developed to help achieve the required amount of
wheat bran into the wheat bran diet (Appendix G). Subjects selected the indi-
vidual granola they most preferred and consumed this, in addition to wheat bran
bread and other fibers, on the wheat bran diet. Nutritive composition of breads
and granolas was calculated from published values of individual ingredients [11,
83, 154 - 157, 160, 162, 163, 288]; these values were used in high-fiber diet
calculations. Chemical analysis was performed post facto (Appendix H) to
compare calculated values with actual values (Tables 5, 6, and 7).

At the conclusion of the baseline and high-fiber diets, patients were
hospitalizied at St. Francis Medical Center, Wichita, Kansas. Subsequent to an
overnight fast, hlood was drawn for cholesterol, triglycerides, lipoproteins
and hemoglobin Alc. Analysis was performed in the hospital laboratory by
standard clinical methods. Patients then underwent 12 hours of computer-
cotitrolled insulin-glucose infusions on the Biostator II-Controller (Ames
Division, Miles Lahoratories), which was under United States Department of

Agriculture, Food and Drug Administration field testing at the time. A research

AMicrocrystalline cellulose kindly donated by FMC Corporation, Philadelphia,
Pennsylvania, 19103
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Composition

TABLE 5

of baked wheat-Bran bread (per 1Q0 g):

Calculated values? vs. chemically-analyzed valuesh

Calculated Chemically-Analyzed

Component ~value (g) value (g)
Protein 10.6 11.3
Carbohydrate

Total 40.8 34,7

Complex 36.9 37 ¢

Simple 3.9¢ 3.5
Fat

Total 2.5 L2

Saturated 0.4 g.2¢

Unsaturated 2.14 £1°

Cholesterol _— —
Total Dietary Fiber 6.4 9.6
Wheat Bran 13.1 ——
Cellulose 2l 1.4
Kilocalories® 227 195

dpased on nutritive composition of ingredients from published sources [11, 12,
83, 154 - 157, 160, 162, 163].
bappendix C: (dry matter) * (nutritive value on 100% dry matter basis) =
nutrient in bread “as fed"”
€100 - (protein + ash + neutral detergent fiber + ether extract) = % carbo-

hydrate on 100% dry matter basis.
(dry matter) = total carbohydrate in hread "as fed"

dby difference

€estimated by percentage of tatal fat in calculated values

(carbohydrate on 100% dry matter basis) *

f[(pr'otein + total carbohydrate) * (4)] + [(fat) * (2)] = keal
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TABLE &
Composition of baked cellulose bhread (per 100 g)

Calculated values? vs. chemically analyzed valuesP

Calculated Chemicaliy-analyzed

Component value (g) value (g)
Protein 8.7 D5
Carbohydrate

Total 35.2 26.9¢

Complex 30.4 | - 2414

Simple 1.2¢ | 2.8
Fa;

Total | 2.8 2.0

Saturated a.5 0.4%

Unsaturated 2.3d 1.7°

Cholesterol — —
Total Dietary Fiber 13.3 18..3
Cellulose 12.4 121
Kilocalories® 201 164

3hased on nutritive composition of ingredients from published sources [11, 12,
83, 154 - 157, 160, 162, 163].

bAppendix C: (dry matter) * (nutrient value on 100% dry matter basis) =
nutrient "as fed"

€100 - (protein + ash + neutral detergent fiber + ether extract] = carbohydrate
on 100% dry matter basis. (carbohydrate on 100% dry matter hasis) * (dry
matter) = total carbohydrate "as fed"

dby—difference
Cestimated hy percentage of total fat in calculated values
fl(protein + total carhohydrate) * (4)] + [(fat) * (9)] = kcal
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protocol was followed as outlined (Appendix I). Calibration of the apparatus
was performed hourly after obtaining a venous blood sample and monitoring by

Dextrometer Reflectance method (Ames Division, Miles Laboratories).

B. Statistical Analyses.

Statistical analyses were conducted by Or. Arthur Dayton, Head
of the Department of Statistics, Kansas State University. Two-way analysis
of variance was used for unequal sample sizes, and least square means for
estimating diet effects. When F-tests were significant, two-tailed T-tests
were performed. Subsequent to identifying independent variables which might
be physiologically-related to response variables such as insulin doses,
glycosylated hemoglobin, and serum lipids, stepwise regression analysis was
performed to identify which variables were significantly related to the
response variables.

Statistics were performed on differences from control diet values
by subtracting a control diet variable from the same variable observed on a
high-fiber treatment diet. For example; if the six-week average of dajly insulin
doses for a patient was 50 units insulin/day during the control diet and 44
units/day during the wheat bran diet, statistical analyses for the wheat bran
diet were performed on:,

Wheat bran diet value - control diet value

= 44 - 50
= - 6.

This was. repeated for all observations from both diet treatments to
determine the difference of a treatment ohservation from the control, and the
difference of the two treatment observations from each other,

4Q



RESULTS

A. Free-living

1. Acceptability of'diéts

Although high-fiber diets were individually calculated for great-
est acceptability, the study participants did not think the diets would be real-
istic for extended periods of time. Voluminous gquantities of granola cereals
and vegetables were contributing factors in this assessment. Two patients ex-
perienced cramping and bloating with the high level of wheat bran; in one
patient this disappeared after the first week (GW) but in the other (SH), the
level of wheat bran had to be reduced from 80 to 57 g wheat bran per day be-
fore severe cramping was ameliorated. A1l subjects judged the breads and
granola acceptable, but the quantity of granola made 100% compliance difficult
on the wheat bran diet.

Consuming 30 grams of dietary fiber from cellulose did not cause
the gastrointestinal upset experienced with wheat bran. This may Have been re-_ .
lated to the difference in quantity of wheat Hran and ce11ﬁlose wﬁ%ch had to be
consumed to ohtain.3Q g dietary fiber. Whereas cellulose is virtually 100%
dietary fiber, the hard red spring wheat bran utilized in this study was
37.4%. 1In order to obtain 30g dietary fiber, 80.2 g of wheat bran had to
consumed. In addition, the large particle size of wheat bran may have cont-

ributed to patient discomfort [170].

2, Food consumption

Average daily consumption of protein, carbohydrate, fat, chol-

esterol, fiber and kilocalories (kcal) on all three diets is reported in Table
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8. The deviation from instructed dietary intake is reported in Appendix J. Al-
though high-fiber diets were planned to be isocaloric with indiyidual control
diets in energy-containing nutrients and cholesterol, there were significant
decreases in the actual consumption of total carbohydrate and cholesterol on

the wheat bran diet and in total carbohydrate and protein on the cellulose diet.
Average caloric intake and energy expenditure were nﬁt significantly different
from the control, although there were large indiyidual variations (DP on both

diets, GW on the wheat bran diet).

3. Meal times
By subjective evaluation, the regularity of meal consumption
times did not appear to vary greatly between diets. Subjects who consumed meals
at irregular times on the high-fiber diets, also had done so on the control
diet. The average time at which each meal and snack was consumed is reported

in Appendix K.

4. Urine sugar index, hemoglobin A;c, and hypoglycemic reactions

The average daily urine sugar index on the control diet was

1.7, it declined to 1.4 on the cellulose diet and 0.9 on the wheat bran diet.
(Table 9). Althoughsignificant differences from the control were not observed
with either diet (cellulose P <0.43; wheat bran P <0.09), stepwise regression
analysis showed the decline in urine sugar index accounted for 82% of the var-
iation in hemoglobin Aic, the latter of which is a relatively new measure of
diabetic control. Without exception, the urine sugar index and hemoglobin Ajc
changed in the same direction, but the magnitude of change was inconsistent.

This is reflected in the mean values on the cellulose diet where, although the
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Index of daily urine sugarcz and hemoglobin Alc at conclusion of
dietary treatment:

TABLE §

actual values (A) and deviation from control (2}

b

Daily Urine Sugar Hemaglubgn
Index Alc (%]

Name Diet (A) (D) (A) )]
GC Cantrol 1.5 8.0

Cellulose 1.8 +0.3 9.1 +i.1

Wheat bran 1.7 +0.2 9.3 +1.3
GW Control 2.1 123

Cellulese 2.7 +9.8 15.3 +3.2

Wheat bran 0.3 -i.2 10.7 -1.4d
SH Control 1.5 3.6

Cellulose g.1 1.4 ‘8.? -3.3

Wheat bran 0.1 -i.4 8.1 -1,3
ppP Contrel 1.7 9.0

Cellulose Ll -0.8 7.8 -1.2

Wheat bran . 1.0 -0.7 7.9 -1.1
X Control 1.7 9.7

Cellulose 1.4 -0.3 10.2 +0, &

+ 589 2.3 2.8

pe<® 0.43 0.55

Wheat bran 0.9 0,8 8.0 -0.7

+5.2.9 9.3 2.6

p<? 0.09 0.46

pe? 0.33 0.36

“Index of daily urine sugar was calculatad for each six-week diet as follows:
assigned to urine test results:
occasions when testape ® or diastix

with Clinitest ®,

then used to calculate an index for each patient:

sN at breakfast

+

sN at lunch + sN at dinner + sN at HS snack

T at breakfast

T at lunch

T at dinner

T at HS snack

where sN = the sum of the numerical rankings for the f-week diet period, and
T = total number of urine tests performed

bstatistical analyses were performed on D's (D = experimental diet - control diet) of urine sugar index
and hemoglobin Alc

®normal, non-diabetic value < 5%

d

standard error of the D means

numerical rankings were
N=0, tr=1, 1/2%=2, 1%=3, 2%=4, 3%=5, 5%=6. On
@ were used, N and 1/10%=0, 1/4%=1, 1/2%=2, 2%=4,

The formula was

®statistical probability that cellulose or wheat bran deviation mean is different from the control
fEtatistica1 probability that cellulose and wheat bran deviation mears are different from each other
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urine sugar index declined, hemoglobin A]c rose. Most of the increase in
hemoglobin Ajc in this case can be attributed to one subject (GW). Overall,
the index of daily urine sugars is probably not a good indicator of glycemic
control on this study because of the irreqularity with which some patients
tested their urine.

The number of hypoglycemic reactions per week is expressed in Table
10. Hypoglycemic reactions were most frequent during the wheat bran diet per-
iod, but virtually equivalent when the cellulose and control diets were con-

sumed.

5. Daily insulin doses

The average daily insulin dose during the baseline diet was
48 units of U-100 insulin per day; it decreased to 43 units during the cellulose
diet and 44 units during the wheat bran diet (Table 11). The lower insulin dos-
age during the wheat bran diet was accompanied by improved urine sugar index
and hemoglobin A;c (Table 9). Average changes in energy intake and kilocalorie
expenditure were small and probably did not influence glycemic control. The
reduction in average insulin dose during the cellulose diet and the increase in
mean hemoglobin A1c are largely attributable to GW who also slightly reduced
her caloric intake and, according to energy records, increased her energy ex-
penditure. This increase in energy expenditure was recorded by GW during the
third week of the cellulose diet, and reflects energy expenditure for that
week. However, during the Tast two and one-half weeks of the cellulose diet’
GW was very inactive and stressed (taking Ph.D. preliminary examinations).
During this perjod she experienced marked hyperglycemia, glycosuria and
ketosis, accompanied by an increased hemoglobin Ajc and urine sugar
index.

GC reduced his average insulin dose on both the cellulose and wheat
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TABLE 10

Number of hypoglycemic reactions per week, experienced by subjects during
control and high-fiber diets

Diet
Name ~ Control Cellulose Wheat Bran
GC 2.0 1.4 3.2
GW 0.6 1.3 1.3
SH 2.0 2.2 2.5
DP 1.0 1.0 1.5
X 1.4 1.5 2.1
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bran diets but concurrent improvement in control, as assessed by hemoglobin Aqc
and urine sugar index, was not realized. Changes in GC's energy intake and
kilocalorie expenditure were small and paralleled each other. During fhis per-
jod, GC experienced hyperglycemia and glycosuria after his morning meal and
snack and verged on hypoglycemic reactions in the afternoon. Adjustments were
made constantly to his morning and evening insulin dosages in an attempt to
achieve glycemic control; this goal was never fully attained. SH and DP in-
creased their daily insulin dosages from the control and achieved improvement
in urine sugar index and hemoglobin Ajc while encountering hypoglycemic reac-
tions slightly more frequently. Increased energy expenditure and reduced
calorie intake by SH and DP respectively, may have accounted for part of the
reduction in urine sugar index and hemoglobin Aqc and an increased number of

hypoglycemic reactions. «

6. Weight changes during dietary regimens

Changes in weight which occurred during dietary treatments are
recorded in Table 12. The three-pound weight loss experienced by GW during
the cellulose diet was subsequent to ketosis in the last two and one-half
weeks of this diet. SH and DP both experienced their greatest change-in weight
during the control diet. DP gained three pounds during the wheat bran diet. A

reduction in weight was experienced by all subjects during the cellulose diet.

7. Total cholesterol, total triglycerides and lipoprotein fractions

Fasting blood 1ipids, drawn at the conclusion of each six-week
dietary treatment, are listed in Table 13. Mean total cholesterol decreased
from 198 mg/dl on the control diet to 171 (P <0.05) and 174 (P <0.07) mg/dl
on the cellulose and wheat bran diets, respectively. The mean decrement dur-
ing both diets was accompanied by an average reduction in dietary cholesterol
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TABLE 12

Body weight changes in pounds, during
control, high-fiber cellulose and high-fiber wheat bran dietary evaluations

Diet
Name Control Cellulose Wheat bran
GC 0 -3 - 0
GW -1 -3 weight not recorded
SH -3 -2 0
OP +5 =3 £9
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TABLE 13

Fasting serum 1ipid values (mg/d1) at conclusion of six-week dietary treatments:

Actual value (A} and deviation from control (0} %
Total Total HoL® LoL®
Cholesterol Triglycerides Cholesterol Cholesterol

Name Diet (A) (D) (A) (D) (A) (D) (A) (D)

GC Control 157 60 82 63
Cellulose 128 -29 36 -24 35 47 57 -8
Wheat bran 150 - 7 62 + 2 44  _zg8 94  +37

GW Control 230 102 87 123
Cellulose 188 -42 60 -42 56 -31 120 - 3
Wheat bran 159 -71 92 =10 59 28 82 =41

SH Control 221 86 70 134
Cellulose 223 + 2 86 0 68 - 2 138 + 4
Wheat bran 222 + 1 62 -a4 77+ 7 133 -1

DP Control 183 54 .32 141
Cellulose 145 -38 42 -12 22 =10 115 =28
Wheat bran 163 =20 74 +20 20 =12 128 -13

X  Control 198 76 68 115
Cellulose 171 -37 56 =20 45 -23 108 <~ 7
+ 5.8.% 8 10 2 11
P e 0.05 0,14 0. 002 0.54
Wheat bran 174 -24 73 -3 50 =18 109 - 8
+ 5.8.° 8 10 2 11
p<® 0,07 0.78 0.003 0.63
p<t 0,85 0,32 0.18 0,32

a statistical analyses were performed on the D's [D

diet] for each 1ipid component
b high-density lipoprotein

c low-density lipoprotein. calculated by Cs = CupL

experimental diet - control

(TG/5) , where c_ = total

5

serum cholesterol, CupL = HDL-cholesterol, and TG = total serum triglycerides

[1717.
d standard error of the D means

e statistical probability that cellulose or wheat bran deviation mean is different

from the control

f statistical probability that cellulose and wheat bran deviation means are dif-

ferent from each other.
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and a slight decrease in the ratio of saturated to unsaturated fat consumed
(Table 8). However, stepwise regression analysis revealed that 70% of the re-
duction in total serum cholesterol could be accounted for by the addition of
fiber; dietary cholesterol did not meet the 0;15 significance level for entry
into the regression model. Nevertheless, individual variations in dietary
cholesterol and fat consumption were subjectively scrutinized in relation to
changes in total serum cholesterol The reduction in GC's total serum choles-
terol was accompanied by a reduction in dietary cholesterol on both high-~fiber
diets. There was a greater reduction in serum cholesterol on the cellulose
diet than on the wheat bran diet, even though dietary choTesterof was higher
during the cellulose diet. In GW, the opposite was observed: the more pro-
nounced reduction in dietary cholesterol during the wheat bran diet paralleled
a more pronounced reduction in total serum cholesterol. DP was the only sub-
ject who increased cholesterol consumption during the wheat bran diet and this
was accompanied by reductions in total serum cholesterol, although the magni-
tudes of change between dietary and serum cholesterol levels were inconsis-
tent.

There was an overall reduction in total serum triglycerides during
the cellulose diet (-20 mg/d1) but virtually none on the wheat bran diet; this
trend was consistent for all subjects except SH. No dietary factors that would
account for reduced serum triglycerides met the 0.75 significance level for
entry into the regression model. Neither changes in total dietary carbohydrate
nor alterations in the simple to complex carbohydrate ratio consistently paral-
leled a change in total serum trigliycerides. Improvement in control, as as-
sessed by hemoglobin A]c and urine sugar index, was not accompanied consis-
tently bv reduced t}iQTyceride levels.

A1l subjects except SH‘eXperTenced a marked reduction in HDL-chol=-
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esterol levels during both high-fiber diets (-23 mg/dl, P<0.002 during the
cellulose diet; -18 mg/dl P<0.003 during the wheat bran diet). The reduction
in total serum cholesterol appeared to be accounted for largely by the decre-
ment in the HDL-cholesterol fraction. HDL-cholesterol was reduced in subjects
who increased (GW and SH, cellulose diet) and decreased (SH and DP, wheat bran
diet) their energy expenditure, although, as noted earlier, the large increase
in kilocalorie expenditure recorded by GW while consuming the celtulose diet
was not representative of the whole dietary period.

With the exception of one subject, the high-fiber diets did not
result in significant reductions in the LDL-cholesterol fraction. GC showed
a large increase in LDL-cholesterol (63 to 94 mg/d1) which was accompanied by
a marked reduction in HDL-cholesterol (84 to 44 mg/d1)} for a dramatic reduc-
tion in the HDL to LDL-cholesterol ratio (1.3 to 0.5) with the wheat bran diet.
In no other subject was such a pronounced change in this ratio observed. In-
creases in LDL-cholesterol were not related consistently to diabetic control
(Table 9) either with individual study participants or when calculated as means
for each diet.

Changes in serum 1ipids should be scrutinized in relation to changes
in body weight during the dietary treatments. OP gained three pounds during
the wheat bran diet but he still exhibited a reduction in all fasting serum
1ipids measured except total triglycerides (Table 13). The fasting serum 1i-
pids of SH appeared unaffected by a two pound weight loss during the cellulose
diet but her fasting total triglycerides were markedly reduced during the
wheat bran diet when her weight remained constant. Thus, a change in weight
did not appear to affect her serum 1ipids. GC showed more marked reduction in
all serum 1ipids on the cellulose diet when his weight decreased by three

pounds, compared to the wheat bran diet when his weight remained constant.
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In this study, the reduction in weight of all subjects during the cellulose
diet period may be partially responsible for the reducticn in all serum 1i-
pids measured following consumption of that diet. The mean reductions in to-
tal serum cholesterol and LDL-cholesterol were due to GW. Since her weight
change during the wheat bran diet treatment is unknown, determining whether
her reduction in serum lipids is due more to diet or to weight change is im-

possible.

B. Biostator Evaluation

1. Energy and fiber consumption

The consumption of dietary protein, carbohydrate, fat, fiber and
kilocalories during biostator monitoring is recorded in Table 14. Differences
between diets in the saturated to unsaturated fat ratio and dietary cholesterol
were physiologically insignificant for the purpose of monitoring changes in
blood glucose and insulin needs. Slight differences in total kcal intake for
individuals between diets were also physiologically insignificant. In each
subject, all energy-containing nutrients and the ratio of simple to complex
carbohydrate, were identical at each meal to the average amounts consumed
during the free-living baseline period. Minor differences were physiologically
insignificant. During the free—]gving phase of the high-fiber diets, subjects
were to consume 60 g dietary fiber with 50% Being derived from cellulose or
wheat bran. During biostator monitoring, less than 60 g was consumed because
the subjects were not fed an evening snack. SH's consumption of wheat bran
fiber is especially low because she could not tolerate more without exper-
iencing gastrointestinal upset. The ‘percentage of fiber from wheat bran or
cellulose consumed by the other subjects in the respective diets was not ex-
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actly 50%, either. This reflects a discrepancy between the percentage of fiber
from wheat bran or cellulose that was calculated to be in the high-fiber pro-
ducts, and the percentage that was subsequently found to be present by chemi-~
cal analysis. Reported in Table 14 are the actual amounts of energy-contain-

ing nutrients and fiber which were consumed.

2. Insulin infusion

a. Total and postprandial: Significantly more total insulin

was required to achieve normoglycemia during biostator monitoring during the
cellulose diet compared to the control diet (53.8 units, cellulose; 47.0 units,
control; P<0.024) but the high-fiber wheat bran diet significantly reduced
insulin needs during biostator monitoring (41.9 units, wheat bran; 47.0 units,
control; P<0.052). Identical trends were observed for postprandial insulin
needs (Table 11). Three subjects demonstrated a definite increase in insulin
need when the cellulose diet was consumed; only one subject (GC) required less
insulin. DP was the first subject to consume the cellulose diet on the bio-
stator and because of his unexpected increase in insulin needs compared to the
control, the biostator evaluation of the cellulose diet was repeated three
weeks later. Stmilar total insulin requirements (73.2 units during cellulose I
and 68.2 units during cellulose II) and virtually identical postprandial in-
sulin requirements (60.7 units during cellulose I and 61.0 units during cel-
Tulose II) were obtained at both evaluations.

While consuming the wheat bran diet, two subjects required more in-
sulin than than during the control (SH and DP) while the other two required
less insulin (GC and GW). But because of the huge reduction in GC's insulin
needs during wheat bran feeding (-28 units total insulin; -~ 18 units post-

prandial insulin) mean insulin needs for all subjects showed a significant re-
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duction. Weight changes between biostator evaluations (Table 11) were not
related consistently to changes in biostator insulin needs for most subjects,
The increase in DP's weight between control and high-fiber diets (+8 pounds,
cellulose; + 5 pounds, wheat bran) might account for part of his increased in-
sulin needs, but probably not for the large difference seen in total insulin
usage on the bigstator (+21.4 units, cellulose; + 9.9 units, wheat bran).

b. Peak pestprandial blood glucose concentration and insulin in~

fusicn rate: Continuous monitoring of blood glucose concentration and the rate
of insulin infusion during biostator evaluation, revealed that both the mean
peak blood glucose concentration and the mean peak rate of insulin iAfusion
after each meal were consistently lower during wheat bran feeding compared to
the control diet (Table 15). The only exception was a marginal increase in the
mean peak blood glucose concentration after the dinner meal. Although none

of the mean differences between the control-and wheat bran diets was statis-
tically significant by itself, the trend toward lower blood glucose and insalin
infusion rate was strongly evident. This trend indicates that high-fiber wheat
bran feeding reduces postprandial glycemic excursions and postprandial insulin
needs. Similar conclusions cannot be drawn about high-fiber cellulose feeding.
Mean postprandial blood glucose and insulin-rate peaks during cellulose feed-
ing were usually equal to or greater than those during feeding of the control,
although reduced peaks were observed after breakfast. Thus, during bio-
stator monitoring, high-fiber wheat bran fleeding appeared to reduce both peak
blood glucose concentration and peak insulin infusion rate compared to a nor-
mal-fiber control diet and a high-fiber cellulose diet.

c. Delay in peaks of postprandial blood glucose concentration and

insulin~infusion rate: NGt only were the postprandial peak concentrations of

blood glucose and insulin infusion rate reduced during high-fiber wheat bran
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feeding, but the mean time at which these peaks occured was delayed signific-
antly in comparison to the control diet (Table 15). Almost without exception,
the delay in bBlood glucose and insulin infusion rate peaks, was ohserved.in
all subjects at all meals. This seems to indicate that the appearance of
postprandial glucose in the blood, and the need for insulin, is delayed when

high levels of fiber from wheat bran or cellulose are fed with meals.
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DISCUSSION

A. Free-living
1. Acceptability of diets

Three out of four study participants believed their diabetes was
more difficult to control while consuming the high-fiber diets than it had
been during control periods. Problems with both hyper- and hypoglycemia were
cited. The difficulty in controlling glycemic excursions may be related to
the stricter dietary guidelines with which the subjects comp]ied.during high-
fiber periods. Although study subjects had been selected on the basis of
their past good record of diet compiiance, during the baseline period Tlarge
variations (up to 100%) in almost all subjects were observed in day-to-day
kilocalorie intake and distribution of energy-containing nutrients. This ob-
servation has been confirmed by others whose subjects were also a group of
highly-motivated: individuals fT?Z]. The large variation in energy intake may
actually be one means of maintaining diabetic control, especially in re-
lation to a large variation in energy expenditure. In the present study dur-
ing high-fiber diet periods, the subjects were expected to eat the same num-
ber of kilocalories at every meal and snack and they could not use kilo-
calorie variation to help maintain glycemic control. This left them with
only one realistic alternative: to adjust their insulin dosage. Thus, on
the high-fiber diets one of the means they had used previously to maintain
diabetic control was no longer available, glycemic control was more dif-
ficult, and this probably affected overall acceptability of the diets.

Another factor affecting acceptability of the high-fiber wheat °
bran diet was the gastrointestinal side effects experienced by some of the

study participants. Three of the subjects reported feeling "bloated" and
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experienced increased flatus. Both are common with high-fiber diets [18], and
the social implications connected with flatus did not enhance acceptability of
the high-fiber diets. A1l the subjects reported an increased frequency, num-

ber, and urgency of stool defication during the wheat bran diet; changes 1in

stool habits were less pronounced when cellulose was the primary fiber source.

These observations are in agreement with those of Eastwood and Mitchell [173]
who reported that wheat Bran has a greater capacity to increase stool weight
than cellulose. This property is probably related to the greater water-hold-
ing capacity which wheat bran possesses (3 g water/g fiber [174]) compared to

cellulose (0.4 g water/g fiber [44]).

2. Diet Compliance

Individual deviations in consumption between the control and
high-fiber diet periods (Table 8) generally paralleled the deviations in con-
sumption during high-fiber diets (Appendix J). Two exceptions to that tendency
were observed. First, the actual consumption of total fiber, fiber from cellu-
Tose, and fiber from wheat bran were higher during high-fiber diets than during

the baseline diet (as expected), but the consumption of fiber and its compon-

ents was less than the amounts instructed. The second exception concerned
GW's consumption of all energy-containing nutrients. GW's physician had
recommended a 1400 kcal diet for her shortly after she had completed the
baseline period. During baseline feeding GW had consumed approximately 1200
kcal per day. Since it would haye been unethical to ignore her physician's
advice when planning her high-fiber diets, her diet prescription was increased
to 1400 kcal and all of the energy-containing nutrients were increased in
proportion to the percentage of kcal they had provided during baseline data

collection. During high-fiber feeding, GW's actual consumption of energy-
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containing nutrients closely paralleled her control diet even though her
diet instruction was to increase these;

In general, diet compliance was fairly good considering the long-
term nature of the study and the strict diets to which subjects were asked
to adhere. There was large day-to-day variation in the energy-containing
nutrient consumption during high-fiber feeding, but when averaged over 15
day periods; overall food consumption was similar. However, mean dietary chol-
esterol consumption was reduced during high-fiber feeding compared to base-

1ine amounts and compared to amounts they were instructed to eat.

3. Measures of glycemic ;0ntro1
The direction of changes in the daily urine sugar index of all
subjects paralleled the direction of changes in hemoglobin Ajc. This observa-

tion is in agreement with that of Monnier et al. [1168] with wheat bran feeding.

However, in the present study, mean urine sucar index declined during high-
fiber cellulose feeding while hemoglobin ATc increased. Most of this increase
can be attributed to GW, who experienced very poor glycemic control (due to
stressful Ph.D. preliminary examinations) during the two and one-half weeks
antecedent to hemoglobin A1c measurement. Poor control is reflected by a
small increase in her urine-sugar index and a large increase in hemoglabin A1c.
But hemoglobin A]c increased more dramatically than expected because it pre-
viously was thought to be a measure of Tong-term (120 days) glycemic control
and relatively unresponsive to short-term fluctuations in blood glucose [176].
More recently, however, Goldstein et al. [177] have suggested hemoglobin A;c
might exist as two chromatographically-indistinguishable fractions. They hy-
pothesize a major fraction exists which is unresponsive to acute changes in
blood glucose but that there is also a minor fraction which may reflect short-
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term fluctuations in blood glucose. This may explain the large increase in
hemoglobin A]c observed with GW during the cellulose diet, even though control,
as assessed by-g1&cosuria, was maintained until the last two and one-half
weeks of this diet regimen.

The increase in GC's hemoglobin Alc is probably reflective of a
decline in diabetic control over the six-week periods of both high-fiber
diets, despite relatively good diet compliance. This is difficult to ex-
plain since he was amongst the most highly-motivated of the subjects. The
problem of hyperglycemia after breakfast and hypoglycemia in the afternoons
was recorded by GC during baseline data collection, but the sftuation wor-
sened during high~fiber feeding. Part of the problem may have heen due to a
mean reduction in GC's total insulin dosage during both high-fiber diets com-
pared to his baseline doées (-7 units/day, cellulose diet; -6 units/day, wheat
bran diet]. The decrement in glycemic contral may have been due to his re-
duction of the insulin dose more than was optimal for him. However, when
hemoglobin A1c was averaged for all subjects, it was depressed with fiber
addition from wheat brans: and the reduction approached statistical sig-
nificance (P<0.09). This is in agreement with Monnier's observation that
when high-fiber is fed, predominantly from wheat bran, glycemic control is

improved [116].

4. Daily insulin doses

Although a mean reduction in daily insulin doses was observed,
there was large individual variation, with most of the mean reduction being
accounted for by GW (-~ 17 units insulin/day). GW was able to reduce her
insulin dose while improying glycemic control (Table 9) during consumption
of the wheat bran diet, A reduction in kilocalorie consumption (- 112 kcal/
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day) and an increase in energy expenditure (+ 59 kcal/day) may have accounted
for part of the 40% reduction in insulin needs, but the elevated fiber most
1ikely played a strong supporting role [34]. GC also reduced his average
insulin dose but experienced deterforation in glycemic control; the decline
in control is probably due less to fiber addition than to a reduction in

the insulin dose. DP made no significant change in his daily insulin dosages
but did realize improvement in glycemic control (Table 9) on both fiber
diets. This raises the question: what changes in glycemic control would

have been observed with GC had daily insulin doses not been reduced? SH

also experienced improvement in glycemic control although she increased her
insulin dosage during cellulose feeding by 25% over the control period.
Consequently, improvement in SH's hemoglobin A]c and glycosuria cannot be
attributed solely to enhanced fiber intake.

In general, the mean decrements in glycosuria and glycosylated he-
moglobin with concommitant increases in the number of hypoglycemic reactions
which were observed in the present study are indicative of improved glycemic
control. They are also in good agreement with the same parameters measured
by Monnier et al. [116] with wheat bran (35 g/day) feeding. However, his
group found no change in the mean daily insulin needs of their subjects.
Unfortunately, they do not report individual changes in insulin needs, %o
it is difficult to determine if the large variation in GW's insulin needs

from baseline is typical of other subjects.

B. Biostator Eyaluation: Insulin Infusion

Reduction in insulin needs: during high-fiber feeding has been doc-

umented in insulin-dependent diabetics monitored on the artificial endo-
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crine pancreas. Pectin decreased postprandial insulin needs by 35% [178]
and guar reduced 24-hour insulin delivery by 23% [37]. Since postprandial
insulin needs account for up to 60% of total daily insulin requirements
[178], postprandial insulin infusion 1is a good indicator 6f fiber's ef-
ficacy in reducing the body's demand for insulin in Type I diabetic sub-
jects. In the present study, addition of fiber to the diet in the form of
wheat bran reduced mean postprandial insulin needs by 8% (P 0.29) and
mean 12-hour insulin delivery by 11%(P <0.06; Tabhle 11), é]though there was
considerable variation between subjects. Although reduction in total and
postprandial insulin infusion was not observed in all subjects during wheat
bran feeding, there was striking consistency among all subjects (except
SH)} in a lowering of the peak blood glucose following meals and the peak
rate of postprandial insulin infusion (Table 15). Since blood glucose con-
centration dictates insulin infusion rate, the reduction of both peaks would
be expected to parallel each other, as was observed. The reduction in post-
prandial blood glucose concentration has been widely reported by others with
high-fiber feeding from various sources [20, 21, 26, 27, 118] and from wheat
bran [116].

In addition to an overall redu¢tion in the peak postprandial blood
glucose and insulin infusion rates during wheat bran feeding, there was a
marked delay in the time at which these peaks occurred and the delay was
observed for all subjects. Others have found that absorption of glucose from
carbohydrate is delayed when high-fiber foods are fed [25] and suggest this
is due either to delayed gastric emptying and/or to incomplete absorption
of carbohydrate from foods high in fiber. Kay et al..[52] believe glucose
absorption from the small intestine and into the blood is delayed with ad-

dition of fiber to meals and that this delay not only reduces postprandial
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fluctuations in blood glucose, but also is responsible for the flattened
glucose tolerance and insulin response curves observed by- others, [31, 32].
Thus, a number of plausible mechanisms for the delay in postprandial blood
glucose and insulin-rate peaks have been proposed, but the present study was
not designed to determine which is(are) correct.

The present study 'did show a delay in postprandial blood glucose
and insulin-infision rate peaks with both wheat bran and cellulose
fiber and that the peak blood glucose and insulin-infusion rates were reduced
with wheat bran feeding, compared to the control. Puzzling, however, was
the observation that cellulose fiber failed to reduce peak blood glucose and
insulin-infusion rate consistently and that the height of these peaks was
greater with cellulose than with wheat bran. The answer may lie in conclusions
drawn 5y Jenkins in fis studies with gquar and pectin. Consistently, he has
shown that gel-forming, soluable fibers such as guar and pectin are capable
of delaying the absorption of available carbohydrate into the blood [107].
Recently, Aro [25] has compared guar and pectin with wheat bran in this
respect. and showed guar and pectin were more effective in delaying the
absorption of available carbohydrate than was "cellulose-containing fiber
such as ...(wheat) bran". Similarly, others[105] have shown a commercial fiber
mixture containing cellulose, hemicellulose, 1ignin and pectin was less ef-
fective than pectin in inhibiting the postprandial blood glucose rise in
insulin-dependent diabetics. Furthermore, Jenkins [60] has compared guar
with cellulose and wheat bran and found gﬁar was the most effective of the
three in reducing the postprandial rise in blood glucose and insulin, that
bran was intermediate, and cellulose was virtually ineffective in compar-
ison to the other two.- He found the reduction in mean peak rise of blood

glucose concentration for each substance was highly correlated (r=0.926;
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P< 0.01) with yiscosity. Insp1ub1¢ fibers such as. cellulose do not con-
tribute to viscosity. In the present study, wheat bran contained approx-
imately 9% insoluble cellulose and 4% insoluble 1lignin (wet weight; Ap-
pendix H). The remaining fiber (25% of wet weight) would be partially .
soluble fibers [44, 110, 116] that contribute to viscosity. This may
explain why cellulose was less effective than wheat bran in reducing the
overall mean peak rise in blood glucose and insulin rate. However, it is
still unclear as to why postprandial-and total insulin infusion had to be
increased during the cellulose diet compared to the control in order to
maintain normoglycémia.

The significant reductions in total serum ckolesterol with both
wheat bran and cellulose addition are in general disagreement with the
Titerature. Most human studies have not shown wheat bran or cellulose to -
be hypocholesterolemic.

Cellulose may be mildly hypocho]éstero]emic at very high levels
of intake. The only study which has shown cellulose to lower serum chol-
esterol, incorporated 100 g/day of cellulose into the diet [67]. Studies
which showed cellulose ineffective in lowering cholesterol used a max-
imum of 16 g cellulose per day [62 - 64]. In the present study a level in-
termediate (30 g/day) to those reported in the Titerature was used. = -

The cellulose was added to the diets along with soluble *fibers
for a total of 60 g dietary fiber. The soluble fibers are known for their
hypocholesterolemic properties and are much more effective in this regard
than in cellulose [142]. In addition, consumption of dietary cholesterol
decreased during the cellulose diet; this may have accounted alsg for part
of the reduction in serum cholesterol, even though stepwise regression

analysis did not show the reduction in dietary cholesterol to be signif-
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jcant enough to account for the decline in serum.cholesterol. The de-
cline in mean serum cholesterol observed during the high~fiber cellulose
diet may be a result of these three factors acting in concert: 1) éddition
to the diet of soluable fibers, known to possess hypocholesterolemic pro-
perties, 2} reduction in dietary cholesterol consumption, and 3) a very
mild cholesterol-lowering effect exerted by the cellulose fiber.

The reduction in total serum cholesterol observed subsequent to
wheat bran feeding may be accounted for by similar factors. At the very
high levels of wheat bran intake (48 - 72 g/day) such as was consumed dur-
ing thi§ study, the soluble fibers in wheat hran may have been responsihle
for some of the decline in total serum cholesterol. But at much lower levels
usually consumed in human studies (12 - 38 g/day [80, 144, 1471) the soluble
fiber from wheat bran may be physiologically insignificant, unless ingested
as part of a high-cholesterol diet [141, 150, 151]. This helps to explain
the inconsistency in hypocholesterolemic effects reported by others and
would explain why soluble pectin generally exerts a greater cholesterol-low-
ering capacity [18, 26, 28, 35, 63, 80, 82, 103, 140] than wheat bran [80,
143, 147].

The significant reduction in HDL-cholesterol during both high-
fiber treatments is of concern because of the protective effect this 1ipo-
protein is thought to exert against the development of cardiovascular disease.
Others also have found a reduction in HDL-cholesterol with wheat bran [148]
and cellulose [38, 142] feeding, as well as fiber from mixed sources [41],
but the observation is not consistent [59, 144, 145]. A reduction in total
serum cholesterol is not advantageous if accompanied by a reduction in
HDL-cholesterol, especially in a group of diabetic individuals who are al-

ready at greater risk for developing heart disease than the normal population.
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Insignificant. changes in fasting serum triglycerides with high-
fiber diets have been reported in normal subjects [41] although Pivelesse
[34] demonstrated high-fiber diets reduced fasting triglycerides in diabetic
patients when fiber addition improved their glycemic control. In the pre-
sent study there was no correlation between fasting total triglycerides,

and improvement in hemogTobin ATc or urine sugar index.
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SUMMARY AND CONCLUSIONS

The present study was conducted to investigate the effects of
high-fiber diets on parameters of glycemic con£ro1 in four young-adult,
insulin-dependent diabetic subjects. Subjects participated in a six-week
period of baseline data collection during which food intake, urine sugar test
results, daily insulin-dosages, time and number of hypOg1ycemic reactions,

a five-day activity record and weekly body weight were recorded. Following
the baseline period the subjects consumed two high-fiber diets, for six weeks
each,separated by four-week "recovery" periods. The high-fiber (60 g dietary
fiber/day) diets provided 50% of the fiber from either celluiose or wheat
bran, and 50% from fruits, vegetables and legumes. The high-fiber diets

were planned individually for each subject and were formulated to provide
identical amounts of protein, fat, carbohydrate, and cholestercl, and iden-
tical ratios of saturated to unsaturated fat, and simple to'éomplex carbo-
hydrate as was consumed by the individual during the baseline period. At
the conclusion of each six-week dietary treatment, subjects were hospitali-
zed for a 12-hour metabolic profile. During this time, insulin needs and
serum glucose were monitored continuously by an extracorporeal artificial
endocrine pancreas (biostator), and blood was drawn for fasting serum lipids
and hemoglobin A;c analyses.

Overall adherence to both high-fiber diets was good, considering the
difficult conditions imposed by the study. Eighty grams of wheat bran per day
caused gastrointestinal upsets initially in some subjects and had to be
reduced for one person. No. adverse effects were observed with cellulose

feeding.
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Daily insulin dosages were.sfgnfffcantiy (P<0.03) reduced during
both high-fiber diets and this corresponded with a reduction (improvement)
in the daily urine sugar index and an increase in the number of hypoglycemic
reactions per week. The wheat bran diet was more effactive in improving
both the latter parameters of glycemic control (urine sugar index: control =
1.7; cellulose = 1.4, wheat bran = 0.9; hypoglycemic reactions per week: .
control = 1.4, cellulose = 1.5, wheat bran = 2.1). Hemoglobin A1c was
depressed with wheat bran addition, but increased with celiulose. Most of
the increase in hemoglobin A]c during cellulose feeding was due to one sub-
ject exposed to very stressful conditions so the decline in her glycemic
control at this time was not thought to be diet-related.

A1l serum 1ipids measured were depressed with high-fiber feeding,
although the reductions were not significant for total triglycerides or the
LDL-cholesterol fraction. Cellulose feeding was more effective in reducing
total serum cholesterol than wheat bran feeding, but the amount of fiber ac-
tually consumed from wheat bran on the wheat bran diet was less than the
fiber from cellulose on the cellulose diet. Part of the reduction in total
serum cholesterol during both high-fiber diets may have resulted from the in-
crease in the consumption of soluable fibers which are known to be gener-
ally hypocholesterolemic. The increase in consumption of soluablé fibers
was anavoidable with this study design. In addition, less dietary chol-
esterol was consumed during both high-fiber diets in comparison to the
control diet.

HDL-cholesterol was the most significantly depressed (P<0,003)
of the 1Tpids'measured; This is not beneficfal in a group of subjects
whose risk for cardiovascular disease is already higher than the normal
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population because of their diabetes.

Insulin needs during biostator monitoring were significantly (P <0.02)
increased during cellulose feeding compared to baseline values. The in-
crease in insulin needs, as assessed by the biostator, is difficult to re-
concile with the fact that mean daily insulin doses were reduced during
free-1iving consumption of the cellulose diet while overall glycemic control
was improved. Information obtdined about changes in insulin needs was ex-
pected to be similar between daily-1ife and biostator monitoring, since
the biostator is commonly used to determine insulin needs in diabetic sub-
jects,

Reductions were oﬁserved in the peak concentration to which post-
prandial blood glucose concentration rose during the wheat bran feeding and
the peak rate at which postprandial insulin was infused. Cellulose feed-
ing produced no change, or changes in the opposite direction. However,
the times at which peak blood glucose and insulin rates occurred, following
a meal, was delaved significantly with both fiber diets compared to the
control.

Based on the results of the present investigation, the following
conclusions have been made. High-fiber feeding, predominantly as wheat bran,
generally induces improvement in glycemic control and reduction in insulin
needs of young adult, insulin-dependent diabetic subjects. High fiber fed
primarily as cellulose is inconsistent in improving glycemic control and in-
sulin requirements in the same subjects. Hypocholesterolemic affects observed
during wheat bran and cellulose feeding in this study may have been due to
one, or a combinations of three factors: 1) addition to the diet of solu-
ble fibers 2) reduction in dietary cholesterol consumption, and 3) a mild

cholesterol-lowering effect exerted by fiber from cellulose or wheat bran.
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Juvenile-onset diabetic patients may benefit from high-fiber diets, with fiber
predominaftly as cellulose or wheat bran, But the improvement in serum
lipids is not as great as reported by others when high-carbohydrate is con-

sumed in conjunction with Righ-fiber.

i



10.

11.

12.

13,

LITERATURE CITED

Anderson, J; W., and ward;“K;: Long~term effects of high-~carbohydrate,
high~fiber diets on glucose and 1ipid metabelism: A preliminary report
on patients with diabetes. Diabetes Care 1: 77-82, 1978.

Anderson, J. Wﬁ: Effect of carbohydrate restriction and high-carbo-
hydrate diets on men with chémical diabetes. Am. J. Clin. Nutr. 30:
402-410, 1977.

Albrink, M. J., Newmon, T., and Davidson, P. C.: Effect of high and
low fiber diets on plasma 1ipids and insulin. Am. J. Clin. Nutr. 32:
1486-1491, 1979.

Anderson, J. W., and Ward, K.: High-carbohydrate, high-fiber diets for
insulin-treated men with diabetes mellitus. Am. J. Clin. Nutr. 32:
2312-2321, 1979,

Kiehm, T. G., Anderson, J. W., and Ward, K: Beneficial effects of a
high-carbohydrate, high fiber diet on-hyperglycemic diabetic man. Am.
J. Clin. Nutr. 29: 895-899, 1976.

Anderson, J. W.: The role of dietary carbohydrate and fiber in the con-
rol of diabetes. Adv. Intern. Med. 26: 67-96, 1980.

. Anderson, J. W., Chen, W. L., and Sieling, B.: Hypolipidemic effects

of high-carbohydrate, high-fiber diets. Metabolism 29: 551-558, 1980.

Anderson, J. W., Herman, R. H., and Zakim, D.: Effect of high glucose,
and high sucrose diets on glucose tolerance of normal men. Am. J. Clin.
Nutr. 26: 600 - 610, 1973.

Hayford, J. T., Danney, M. M., Wiebe, D., Roberts, S., and Thompson,

R. G.: Triglyceride-integrated concentrations: effect of variation of
source and amount of dietary carbohydrate. Am. J. Clin. Nutr. 32: 1670 -
1678, 1979.

Farquhar, J. W., Frank, A., Bross, T. D., and Reaven, G§. M.: Glucose
insulin, and triglyceride response to high and low carbohydrate diets
in man. J. Clin. Invest. 45: 1648 - 1656, 1966.

Anderson, J. W., and Ward, R.: Composition of foods commonly used in
diets for persons with diabetes. Diabetes Care 1; 293-303, 1978.

Anderson, J. W., Chen, W., and Sieling. B.: Plant Fiber in Foods.
HCF Diabetes: Research Foundation, Lexington, 1980.

Burkitt, D.P., Walker, A. R. P., and Painter, N. S.: Dietary fiber
and disease. J., Am. Med. Assoc. 229: 1068 - 1074, 1974.

73



14.

15,

16.

11.

18.

18.

20

21.
22,

23.

24.

28
26.

27..

28.

29,

Trowell, H. C., and Woodgreen, M. D.; Dietary fiber hypothesis of the
etiology of diabetes mellitus. Diabetes 24: 762-765, 1975.

Walker, A. R. P.7 Dietary fiber and the pattern of diseases. Ann.
Int. Med, 80; 663-664, 1974,

Walker, A. R; P: Crude fiber; bBowel motility, and pattern of diet. S.
Afr. Med. J. 35:; 114-115, 1961.

Burkitt, D. P.: The protective properties of dietary fiber. N. Carolina
Medical J. 42: 467-471, 1981.

Jenkins, D. J. A., Reynolds, D., Leeds, A. R., Walker, A.L., and Cummings,
J.: Hypocholesterolemic action of dietary fiber unrelated to fecal bulk-
ing effect. Am. J. Clin. Nutr. 32: 2430-2435, 1979.

Kritchevsky, D.: Dietary fiber: what it is and what it does. Ann. N. Y.
Acad. Sci. 300: 283-289, 1977.

Levitt, N. S., Vinik. A. I., Sive, A. A., Child, P. T., and Jackson, W.
P. U.: The effect of dietary fiber on glucose and hormone responses

to a mixed meal in normal subjects and diabetic subjects with and with-
out altonomic neuropathy. Diabetes Care 3: 515-519, 1980.

Diabetes and dietary fiber. Nutr. Rev. 36: 273-275, 1978.

Manhire, A., Henry, C. L., Hartog, M., and Heaton, K. W.: Unrefined car-
bohydrate and dietary fiber in treatment of diabetes mellitus. J. Hum.
Nutr. 35: 99-101, 1981.

Mann, J. I., Kinmonth, A. L., Todd, E., Angus, R. M., Simpson, H. C. R.,
and Hockaday, T. D. R.: High-fibre diets and diabetes. Lancet 1: 731-
732, 1981.

Mann, J.I., and Simpson, H. C. R.: Fibre, diabetes and hyperlipidaemia
[letter]. Lancet 1: 44, 1980.

Aro, A.: Dietary starches and fibre. ACTA Endocrinol. Suppl 0: 8, 1979.
Jenkins, D. J. A., Wolever, T. M. S., Nineham, R., Taylor, R., Metz, G.
L. Bacon, S., and Hockaday, 7. D. R.: Guar crispbread in the diabetic
diet. Br. Med. J. 2: 1744 - 1746, 1978.

Kay, R. M., Brogin, W., and Trach, N. S.: Dfiets rich in natural fibre
improve carbohydrate tolerance in maturity-onset, non-insulin dependent
diabetics. Diabetologia 20: 18-21, 1981.

Jenkins, D. J. A., and Wolever, T. M. S.: Slow release carbohydrate
and the treatment of diabetes. Proc. Nutr. Soc. 40; 227-235, 1981.

Miranda, P. M., and Horwitz, D. L.: High fifier dfets in the treatment
of diabetes mellitus. Ann. Int. Med. 88: 482-486, 1978.

74



30.

31.

32.

33,

34.

39

36.

3

38.

39.

40.

41,

Haber, G.B., Heaton, K.W., and Murphy, D.: Depletion and disruption
of d1etary~f1bept effects on sat1ety, plasma glucose and. serum in-
sulin. Lancet 2: 679~ 682, 1977.

Jenkins, D.J.A., Leeds, A.R., Wolever, T.M.S., Goff, D.V., Alberti, K.G.,
Bassull, M.A., and Hockaday, T.D.R.: Unabsorbah]e carbohydrate and
diabetes: decreased postprandial hyperglycemia. Lancet 2: 172-174,
1976. ' ' '

Jenkins, D.J.A., Leeds, A.R., Gassull, M.A., Cochet, B., and Alberti,
G.M.M.: Decrease in pestprandial 1nsu11n and glucose concentration
by guar and pectin. Ann. Int. Ned. 86: 20-23, 1977.

Anderson, J. W., and Chen, W.: Plant fiber: carbohydrate and 1ipid
metabolism. Am. J. Clin. Nutr. 32: 346-363, 1979,

Rivellese, A., Eiacco; A., Genovese; S.; RiccardT; G., Pacioni, D.,
Mattiolo, P.L., and Mancini, M.: Effect of dietary fibre on glucose
control and serum 1Tpoprote1ns in diabetic parients. Lancet 2: 447-
450, 1980.

Jenkins, D.J.A., Wolever, T.M., Taylor, R.H., Reynolds, D., Nineham,
R., and Hockaday, T.D.R.: Diabetic glucose control, 1ipids, and trace
elements on long-term guar. Brit. Med. J. 280: 1353-1354, 1980.

Stockholm, K.H., Lauritse, K.B., and Larsen, S.: Reduced glycosuria
during guar gum supplementation in non-insulin-dependent diabetes.
Danish Med. Bul. 28: 41-42, 1981.

Christiansen, J.S., Bonnevie-Nielsen, V., Svendsen, P.A., Rubin, P.,
Ronn, B., and Nerup, J.: Effect of guar gum on 24~hour insulin require-
ments of insulin-dependent diabetic subjects as assessed by an arti-
ficial endocrine pancreas. Diabetes Care 3: 659-662, 1980.

Chen, W., and Anderson, J.W.: Effects of plant fiber in decreasing
plasma cholesterol and 1ncreas1ng high-density lipoprotein choles-
terol. Proc. Soc. Exp. Biol. Med. 162: 310-313, 1979.

Raymond, T.S., Connor, W.E., Lin, D.S., Warner, S., Fry, M.M., Connor,
S.d.: The interaction of dietary fibers and cholesterol upon the plasma
lipids and Tipoprotein sterol balance and bowel function in human sub-
jects. dJ. Clin. Invest. 60: 1429-1437, 1977.

Stasse-Wolthuis, M., Albers, H.F.F., vanJeveren, J.G.C., Wil de Jong,
J., Hautvast, J.G.A.J., Hermus, R.J.R., Katan, M.B., Brydon, W.G., and
Eastwood, M.A.: Influence of dietary fiber from vegetables and fruits,
bran or citrus pect1n on serum lipids, fecal 1ipids, and colonic fun-
ction. Am. J. Clin. Nutr. 33: 1745-1756, 1980.

Stasse-Wolthuis, M., Hautvast J.6G. A J‘, Hermus, R. J J., Katan, M.B.
Bausch, J.E, P1etﬁerg-Brussaard J.H., Yelema, J.P, Aondervan J. H
Eastwood M. A , and Brydon, W:G.: The effect of a natura1 high- f1ber
diet on serum lipids,: fecal 11p1ds, and colonic function. Am. J. Clin,
Nutr, 32: 1881-1888, 1979.

75



42.

43.

44,
45.

46.

47.
48.
49.

50.

51.

52.

ads

54,

99

Munez, J.M., Sandstead, H;H.; Jacob, R.A., Logon, G.M., Reck. S.J.,
Klevay, L.M., Hyg, S.D., and Shuey, W.C.: Am. J. Clin. Nutr. 32;
580-592, 1979.

Spiller, G.A., and Gates, J.E.; Defining plant fibers in human nutrition.
In: Nutritional Improvement of food and feed proteins. Friedman, M.,
Ed. New York, Plenum Press, 1977, pp. 165+194,

Cummings, J.H.: What is fiber? In: Fiber in Human Nutrition. Spiller,
G.A., and Amen, R.J., Eds. New York, Plenum Press, 1976, pp. 1-30.

Spiller, G.A., and Shipley, E.A.: Perspectives in dietary fiber in
human nutrition. Wld Rev. Nutr. Diet. 27: 105-131, 1977.

Stasse-Wolthuis, M.: Influence of dietary fiber on cholesterol met-
abolism and colonic function in healthy subjects. Wld. Rev. Nutr. Diet.
36: 100-140, 1981.

Trowell, H.C.: The development of the concept of dietary fiber in
human nutrition. Am. J. Clin. Nutr. 31: S3-S11, 1978.

Trowell, H.C.: Dietary fibre, ischaemic heart disease and diabetes
mellitus. Proc. Nutr. Soc. 32: 151-157, 1973.

Trowell, H.C., Southgate, D.A.T., Leeds, T.M., Jenkind, D.J.A.:
Dietary fiber redefined. Lancet 1: 967, 1976.

Southgate, D.A.T.: The chemistry of dietary fiber. In: Fiber in
Human Nutrition. Spiller, G.A., and Amen, R.J., Eds. New York,
Plenum Press, 1976, pp.31-72.

van Soest, P.J., and McQueen, R.W.: The chemistry and estimation
of fiber. Proc. Nutr. Soc. 32: 123-130, 1973.

Kay, R.M., and Strasberg, S.M.: Origin, chemistry, physiological ef-
fects and clinical importance of dietary fiber. Clin. Invest. Med.
1: 9-24, 1978.

Bacon, J.5.D.: The digestion and metabolism of polysaccharides by
man and other animals. In: Dietary fibre: Current developments of
importance to health. Heaton, K.W., Ed. Westport, Technomic Pub-
lishing Co., 1979, pp. 27-34.

Kelsay, J.S., Goering, H.K., Behall, K.M., and Prather, E.S.: Ef-
fect of fiber from fruits and vegetables on metabolic responses of
human subjects: fiber intakes, fecal excretions and apparent dig-
estibilities. Am. J. Clin. Nutr. 1849-1852, 1981.

Cummings, J.H.: Dietary fibre. Br. Med. Bull. 37: 65-70, 1981,

76



56.
57.
8.
59.

60.

61.

62..

63.

64.

65.
66.
67.

68.

Slavin, J.L., Brauer, P.M., and Marlett, J.A.: Neutral detergent
fiber, hemicellulose, and cellulose digestibility in human subjects.
J. Nutr. 111: 287-297, 1981.

Southgate, D.A.T.: Fibre and other unavailable carbohydrate and
their effects on the energy value of the diet. Proc. Nutr. Soc.
32: 131-136, 1973.

Hummel, F.C., Shepherd, M.L., and Macy, I[.G.: Disappearance of cellu-
lose and hemicellulose from the digestive tracts of children. J. Nutr.
25: 59-70, 1943.

Yamashita, S., and Yamashita, K.: "Effect of high-fiber diet on plasma
high-density 1ipoprotein (HDL)-cholesterol level in streptozotocin-
induced diabetic rats. Endocrinol Jpn. 27: 671-673, 1980.

Jenkins, D.J.A., Wolever, T.M.S., Ellds, A.R., Gassull, M.A., Hais-
man, P., Dilawari, J., Goff, D., Metz, G., and Alberti, K.G.M.M.:
Dietary fibres, fibre analogues, and glucose tolerance: importance
of viscosity. Br. Med. J. 1: 1392-1394, 1978.

Schwartz, S.E., and Levine, G.D.: Effects of dietary fiber dn intes-
tinal glucose absorption and glucose tolerance in rats. Gastro-
enterology 70: 833-836, 1980.

Prather, E.S.: Effect of cellulose on serum 1ipids in young women.
J. Am. Diet. Assoc. 45: 230-233, 1964.

Keys, A., Grande, F., and Anderson, J.T.: Fiber and pectin in the
diet and serum cholesterol concentration in man. Proc. Soc. Exp.
Biol. Med. 106: 555-563, 1961.

Kelsay, J.L.: A review of research on effects of fiber intake on
man. Am. J. Clin. Nutr. 31: 142-159, 1978.

Ranhotra, G.S.: Effect of cellulose and wheat mill-fractions on
plasma and 1iver cholesterol levels in cholesterol-fed rats. Cereal
Chem. 50: 358-363, 1973.

Jayakumari, N.J., and Kurup, P.A.: Dietary fiber and cholesterol
metabolism in rats fed a high-cholesterol diet. Atherosclerosis
33: 41-47, 1979.

Shurpalekar, K.S., Doraiswamy, T.R., Sundaravalli, 0.E., and Narayana,
R.M.: Effect of inclusion of cellulose in an "atherogenic" diet on
the blood lipids of choldren. Nature 232: 554-555, 1971.

Trusswell, A.S.: Effect of different types of dietary fibre on plasma
lipids. In: Dietary Fibre: Current Developments of Importance to
Hea]%h. ?eaton, K.W., Ed., Westport, Technomic Publishing Co., 1979,
pp. 105-112.

77



69.

70.

7.

72,

13;

74.

75

76.

s

78.

79.

80.

1.

Van Beresteneyn, E.C.N., Schaik, M.V., and Mogot, M.F.K.: Effect of
bran and cellulose on lipid metabolism in obese, female, Zucker
rats. J. Nutr. 109: 2085-2097, 1979.

Slavin, J.C. and Marlett, J.A.: Influence of refihed ce11u1ose an
human bowel function and calcium and magnesium balance. Am. J.
Clin. Nutr. 33: 1932-1939, 1980.

Spiller, G.A., and Freeman, H.G.: Recent advances in dietary fiber and
colorectal diseases. Am. J. Clin. Nutr. 34: 7145-1152, 1981.

Staub, R.A., Coccodrilli, G., and Schanbacher, L.: Nutritional sig-
nificance of dietary fiber: effect on nutrient bioavailability and
selected gastrointestinal functions. J. Agric. Foed Chem. 29:
465-472, 1981.

Godara, R., Kaur, A.P,, and Bhat, C.M.: Effect of cellulose incor-
poration in a low-fiber diet on fecal excretion and serum levels

of calcium, phosphorus, and iron in adolescent girls. Am. J. Clin.
Nutr. 34: 1083-1086, 1981.

Ranhotra, G.S., Lee, C1, and Gelroth, J.A.: Bidavailability of iron
in some commercial variety breads. Nutr. Rep. Int. 19: 851-857,
1979.

Ranhotra, G.5., Lee, C., and Gelroth, J.A.: Bioavailability of iron
in high-cellulose bread. Cereal Chem. 56: 156-158, 1979.

Tsai, R.C.Y., and Lei, K.Y.: Dietary cellulose, zinc and copper:
effects on tissue levels of trace minerals in the rat. J. Nutr.
1117-1122, 1979.

Southgate, D.A.T.: The definition, analysis and properties of dietary
fibre. In: Dietary Fibre: Current Developments of Importance to
Health. Heaton, K.W., Ed., Westport, Technomic Publishing Co., 1979,
pp. 9-20.

Holloway, WLD., Tasman-Jones, C., and Bell, E.: The hemicellulose
component of dietary fiber. Am. J. Clin. Nutr. 33: 260-263, 1980.

Salyers, A.A., Palmer, J.K., and Wilkins, T.D.: Degradation of poly-
saccharides by intestinal bacterial enzymes. Am. J. Clin. Nutr. 31:
S128-5130, 1978. :

Jenkins, D.J.A., Léeds, A.R., and Cummings, J.H.: Effect of pectin,
guar gum, and wheat fiber on serum cholesterol. Lancet 1: 1116-1117,

- 1975.

Heaton, K.W., and Pomare, E.W.: Effect of bran on blood 1ipids and
calcium. Lancet 1: 49-50, 1974.

78



82.

83.

84.

85:

86.

87.

88.

89.

90.

91.

92.

83.

94,

Jenkins, D.J.A., Teynolds, D., Slavin, B., Leeds, A.R., Jenkins, A.L.,
and Jepson, E.M.: Dietary fiber and blood 1ipids : treatment of hyper-
cholesterolemia with guar crispbread. Am. J. Clin. Nutr. 33: 575-
581, 1980.

Watt, B.K., and Merrill, A.L.: Composition of Foods- Raw, Processed,
Prepared. Agriculture Handbook No. 8. United States Government Print-
ing Office, Washington, D.C., 1975.

Van Ness, M.M., and Wheby, M.S.: High-fiber diet: Its role in the
treatment of diabetes mellitus revisited. Va. Med. Monthly 106:
852-855, 1979.

Van Soest, P.J., and Robertson, J.B.: What is fibre and fibre in
food: Nutr. Rev. 35: 6-11, 1977.

Rasper, V.F.: Chemical and physical peoperties of dietary cereal fiber.
Food Tech. 33: 40-44, 1979.

Southgate, D.A.T.: Determination of carbohydrates in foods I. Avail-
able carbohydrate, II. Unavailable carbohydrates. J. Sci. Fd. Agric.
20: 326-335, 1969.

Cummings, J.H., and Stephen, A.M.: The role of éietary fibre in the
human colon. Can. Med. Assoc. J. 123: 1109 -1114, 1980.

Anderson, J. W.; High polysaccharide diet studies in patients with
diabetes and vascular disease. Cereal Foods World 22: 12-15, 1977,

Anderson, J.W.; High fiber in diabetes. Continuing Education p.
22-27, 1981.

Simpson, H.C.R., Lousley, S., Geekie, M., Simpson, R.W., Carter, R.D.,
Hockaday, T.D.R., and Mann, J.I.: A high carbohydrate, leguminous
fiber diet improves all aspects of diabetic control Lancet 1: 1-5, 1981.

Dodson, P.M., Stocks, J., Holdsworth, G., and Galton, D.J.: High-
fibre, and low-fat diets in diabetes mellitus. Brit. J. Nutr. 46:
289-294, 1981.

Reiser, S., Handler, H.B., Gardner, L.B., Hallfrisch, J., Michaelis,
0.E., and Prather, E.S.: Isocaloric exchange of dietary starch and
sucrose in humans I1. Effect on fasting blood glucose, insulin, and
glucagon, and on insulin and glucose response to a sucrose load.

Am. J. Clin. Nutr. 32: 2206-2216, 1979.

Cohen, A.M., Teitelbaum, A., Balogh, M., and Groer, J.J.: Effect of
interchanging bread and sucrose as main source of carbohydrate in

a Tow-fat diet on the glucose tolerance curve of healthy volunteer
subjects. Am. J. Clin. Nutr. 19: 059-66, 1966.

79



95. Dunnigan, M.G., Fyfe, T., McKiddie, M.T., and Crosbie, M.: The effects
of isocaloric exchange of dietary starch and sucrose on glucose tol-
erance, plasma insulin and serum 1ipids in man. Clin. Sci. 38: 1-9,
1970.

96. Slama, G., Klein, J., Delage, A., Ardila, E., Lemaignen, H., Papoz, L.,
and Tchobroutsky, G.: Correlation between the nature and amount of
carbohydrate in meal intake and insulin delivery by the artificial
pancreas in 24 insulin-dependent diabetics. Diabetes 30: 101-105, 1981,

97. Simpsan, H.C.R.: High-carbohydrate, high-fibre diets for diabetics.
Proc. Nutr. Soc. 40: 219-225, 1981.

98. Simpson, R.W., Mann, J.I., Eaton, J., Carter, R.D., and Hockaday, T.
D.R.: High-carbohydrate diets and insulin-dependent diabetics. Br.
Med. J. 2: 523-525, 1980.

99. Bierman, E.L., and Nelson, R.: Carbohydrate, diabetes and blood
lipids. Wld. Rev. Nutr. Diet. 22: 280-287, 1975.

100. Schade, D.S., Eaton, R.P., Mitchell, W., and Ortega,T.: Glucose and
insulin response to high carbohydrate meals in normal and maturity-
onset diabetic subjects. Diab. Care 3: 242-244, 1980.

101. Weinsier, R.L., Seeman, A., Guillermo, H., Assal, J., Soeldner, J.S5.,
and Gleason, R.E.: High and low carbohydrate diets in diabetes mellitus:
study of effects on diabetic control, insulin secretion and blood lipids.
Ann. Int. Med. 80: 332-341, 1974.

102. Munoz, J.M., Sandstead, H.H., and Jacob, R.A.: Effects of dietary
fiber on glucose tolerance of normal men. Diabetes 28: 496-500, 1979.

103. Jenkins, D.J.A., Wolever, T.M.S., Taylor, R.H., Barker, H.M., Field-
man, J., and Jankins, A.L.: Effect of guar crispbread with cereal
products and leguminous seeds on blood glucose concentration of diab-
etics. Br, Med., J. 281: 1248-1250, 1980.

104. Jenkins, D.J.A., Wolever, T.M.S., Taylor, R.H., Barker H.M., and Field-
man, H.: Exceptionally low blood glucose response to dried beans:
comparison with other carbohydrate foods. Br. Med. J. 281: 578-

582, 1980.

105. Vaaler, S., Hannssen, K.F., and Aagenaes, 0.: Effect of different
kinds of fibre on postprandial blood glucose in insulin-dependent
diabetics. ACTA Medica Scandinavica 208: 389-391, 1980.

106. Leeds, A.R., Gassull, M.A., Betz, G.L., and Jenkins, D.J.A.: Food:
Influence of form on absorption. Lancet 2: 1213-1216, 1975.

107. Jenkins, D.J.A.: Dietary fibre, diabetes and hyperilipidaemia: Pro-
gress and prospects. Lancet 2: 1287-1290, 1979.

80



108.

109.

110.

111.

112.

113,

114.

115.

116.

17.

118.

119.

120.

121.

Dubois, D.K.: The practical application of fiber materials in bread
production. Baker's QOigest 52: 30-33, 1978.

Saunders, R.M.: Wheat bran: Composition and digestibility. In:
Topics in Dietary Fiber Research. Spiller, G.A., and Amen, R.J.,
Eds. New York, Plenum Press, 1978 pp. 43-58.

Sandberg, A., Anderson, H., Hallgren, G., Basselblad, K., and Isaksson,
B.: Experimental model for in vivo determination of dietary fibre and
its effects on the absorption of nutrients in the small intestine.

Br. J. Nutr. 45: 283-294, 1981.

Stephen, A.M., and Cummings, J.H.: Mechanism of action of dietary
fibre in the human colon. Nature 284: 283-284, 1980.

Fennema, 0.R.: Principles of Food Science Part I: Food Chemis-
try. Fennema, O0.R., Ed. New York, Dekker, 1976, p. 50.

Brodribb, A.J.M., and Humphreys, D.M.: Diverticular disease: three
studies. Brit. Med. J. 424-430, 1976.

Jeffreys, D.B.: The effect of dietary fibre on the response to
orally administered glucose. Proc. Nutr. Soc. 33: 11A-12A, 1974.

Bosello, 0., Ostuzzi, T., Armellini, F., Micciolo, R., and Scuro,
L.: Glucose tolerance and blood 1lipids' in bran-fed patients with im-
paired glucose tolerance. Diabetes Care 3: 46-49, 1980.

Monnier, L.H., Blotman, M.J., Colette, C., Monnier, M.P., and Mirouze,
J.: Effects of dietary fibre supplementation in stable and labile
insulin-dependent diabetics. Diabetologia 20: 12-17, 1981.

Morse, D.: Cellulose: The versatile dietary fiber. Cereal Foods
World. 23: 645-649, 1978.

Hall, S.E., Bolton, T.M., and Hetenyi, G.: The effect of bran on
glucose kinetics and plasma insulin in non-insulin dependent diab-
etes mellitus. Diab. Care 3: 520-525, 1980.

Pederson, 0., Hjullund, E., Lindskov, H.0., and Sorensen, N.: In-
creased insulin receptors on monocytes from insulin-dependent dia-
betics after a high-starch, high-fiber diet. Diabetologia 19: 306,
1980.

Goulder, T.J., and Alberti, K.G.M.M.: Dietary fiber and diabetes.
Diabetologia 15: 285-287, 1978,

Johnson, L.R.: Gastrointestinal hormones and peptides. In: Gastro-

intes%ina1 Physiology. Johnson, L.R., Ed. St. Louis, Mosby, 1981
pp. 1-13.

81



122.

123.

124.

125.

126.

127+

128.

129.

130.

131.

132.

133.

134.

135,

136,

Moore, W.V., Knapp, J., Kauffman, R.L., and Perkins, W.G.: Plasma
1ipid Tevels in insulin-dependent diabetes mellitus. Diab. Care
2: 31-34, 1979.

Sosenke, J.M., Breslow, J.L., Meittinen, 0.S., and Gaggay, K.H.:
Hyperglycemia and plasma 1ipid levels - a prospective study of young,
insulin-dependent diabetic patients.

Glasgow, A.M., August, G.P., and Hung, W.: Relationship between con-
trol and serum lipids in juvenile-onset diabetes. Diab. Care 4:
76-80, 1981.

Suri, R.K., Gupta, M.M., and Chakravarti.: Hyperlipidemias and vas-
cular complications of diabetes mellitus. Jr. Asso. Phys. Ind. 27:
505-510, 1979.

Lopes-Virella, M.F., Wohltmann, H.J., Loadholt, C.B., and Buse, M.G.:
Plasma 1ipids and 1ipoprateins in young insulin-dependent diabetic
patients. Diabetologia 21: 216-223, 1981.

Court, J.M., Dunlop, M., and Hill, M.: A study of plasma-1ipid con-
centrations in diabetic children. J. Hum. Nutr. 32: 285-288, 1978.
Kissebah, A.H.: Management of hyperlipidemia in diabetes. AFP

19: 144-151, 1979.

Stout, R.W.: Diabetes and atherosclerosis - the role of insulin.
Diabetologia. 16: 141-150, 1979,

Tchobroutsky, G.: Relation of diabetic control to development of
microvascular complications. Diabetologia 15: 142-152, 1978.

Duhault, J., and Regnault, F.: Diabetic microangiopathy: renal and
retinal aspects. Paroi Arterielle 4: 7-25, 1978.

Kussman, M.J., Goldstein, H.H., and Gleason, R.E.: The clinical
course of diabetic nephropathy. J. Am. Med. Assoc. 236: 1861-
1863, 1976.

Christensen, N.J., Hansen, A.P., and Lundbaek, K.: Metabolic and
hormonal factors in diabetic retinopathy. Intern. Opthamol. Clinics
18: 55-72, 1978.

Skalka, H.W.: Diabetic retinopathy: An overview. J. Med. Assoc.
Ala. 45: 25-29, 1976.

Tzagournis, M.: Triglycerides in clinical medicine: A review. Am.
J. Clin. Nutr. 31: 1437-1452, 1978.

Krupp, M.A., and Chatton, M.J.: Current Medical Diagnosis and Treat-
ment. Los Altos, Lange Medical Publications, 1979.

82



137. Anderson, J.W.: Triglyceride-lowering effects of high-fiber diets.
' Clin. Res. 27: 548A, 1979.

138. Viswanathan, M., Snehalatha, C., Ramachandran, A., Viswanathan, M., and
Shobhana, R.: Effect of a calorie restricted high carbohydrate, high
protein low fat diet on serum Tipids in diabetes - a follow-up
study. Jr. Assoc. Phys. Ind. 26: 162-168, 1978.

139. Robertson, J., Brydon, W.G., Tadesse, K., Wenham. P., Walls, A.,
and Eastwood, M.A.: The effect of raw carrot on serum lipids and
colon function. Am. J. Clin. Nutr. 32: 1889-1892, 1979.

140. Jenkins, D.J.A., Leeds, A.R., Slavin, G., Mann, J., and Jepson, E.M.:
Dietary fiber and blood 1ipids: reduction of serum cholesterol in
Type II hyperlipidemia by guar gum. Am. J. Clin. Nutr. 32: 16-18,
1979.

141. Chen, W., and Anderson, J.W.: ' Effects of guar gum and wheat bran on
lipid metabolism in rats. J. Nutr. 109: 1028-1034, 1979.

142. Koo, S.I., and Stanton, P.: Effects of cellulose, pectin and guar
gum on the distribution of serum cholesterol among Tipoprotein
fractions. Nutr. Rep. Int. 24: 395-401, 1981.

143. Trusswell, A.S., and Kay, R.M.: Bran and blood lipids. Lancet 1:
367, 1976.

144. Flanagan, M., Little, C., Milliken, J., Wright, E., McGil1, A.R.,
Wier, D.G., and Moore, R.R.: The effects of diet on high-density
1ipoprotein cholesterol. J. Hum. Nutr. 34: 43-45, 1980.

145. McDougall, R.M., Yakymyshyn, L., Walker, K., and Thurston, 0.G.:
Effect of wheat bran on serum lipoproteins and biliary lipids. Can.
J. Surgery 21: 433-435, 1978.

145, Vahouny, G.V., Roy, T., Gallo, L.L., Story, J.A., Dritchevsky, D.,
and Cassidy, M.: Dietary fibers III. Effects of chronic intake on
cholesterol absorption and metabolism in the rat. Am. J. Clin.
Nutr. 33: 2182-2191, 1980.

147. Stasse-Wolthuis, M., Katon, M.B., Hermus, R.J.J., and Hautvast, J.G.
A.T.: Increase of serum cholesterol in man fed a bran diet. Athero-
sclernosis 34: 87-91, 1979.

148. Van Berge-Henegouwen, G.P., Huybregts, A.W., van de Werf, S., Demac-
ker, P., and Schade, R.W.: Effect of a standardized wheat bran pre-
paration on serum 1ipids in young, healthy males. Am. J. Clin.
Nutr. 32: 794-198, 1979.

149. Farrell, D.J., Girle, L., and Arthur, G.: Effects of dietary fiber
on the apparent digestibility of major food components and on blood
serum 1ipids  Aust. J. Exp. Biol. Med. Sci, 56: 469-479, 1978.

83



150.

151..

182,

183,

154,

1585,

156.

157.

158.

159.

160.

161.

162.

163.

164.

Letchford, P., Zabroja, R., Arthus, J., and Farrell, D.J.: Manip-
ulation of plasma cholesterol in man and its supression by wheat
fiber. Proc. Nutr. Soc. Aust. 3: 97, 1978.

Wicks, A.C.B., Yeates, J., and Heaton, K.W.: Bran and bile: time
course changes in normal young men given a standard dose. Scand. J.
Gastroent. 13: 289-292, 1978.

Fajans, S.S.: Etiologic aspects of types of diabetes. Diab. Care
4: 69-75, 1981.

Kay, R.M.: Effects of dietary fibre on serum 1ipid levels and fecal
bile acid excretion. Can. Med. Assoc. J. 123: 1213-1217, 1980.

Southgate, D.A.T., Bailey, B., Callinson, E., and Walker, A.:
A guide to calculating the intakes of dietary fiber. J. Hum. Nutr,
30: 303-313, 197s6.

Hardinge, M.G.: Carbohydrates in foods. J. Am. Diet. Assoc. 46:
197-204, 1965.

Adams, C.F. Nutritive value of foods in common units. Unjted States
Government Printing Office, Washington, D.C., 1975.

Pennington, J.A.T., and Church, H.N. Bowes and Church's Food Values
of Portions Commonly Used, 13th Edit. Philadelphia, J.B. Lippincott,
1979.

Posati, L.P., Kinsella, J.E., and Watt, B.K.: Comprehensive evaluation
of fatty acids in foods 1. Dairy products. J. Am. Diet. Assoc. 66:
482-488, 1975.

Anderson, B.A., Kinsella, J.A. and Watt, B.K.: Comprehensive eval-
uation of fatty acids in foods 2. Beef products. J. Am. Diet. Assoc.
67: 35-41, 1975.

Fristrom, G.A., Stewart, B.C., Weihrauch, J.L., and Posati, L.P.:
Comprehensive evaluation of fatty acids in foods. 4. Nuts, peanuts,
and soups. J. Am. Diet. Assoc. 67: 351-355, 1975.

Posati, L.P., Kinsella, J.E., and Watt, B.K.: Comprehensive évaluation
of fatty acids in foods 3. Eggs and egg products. J. Am. Diet. Assoc.
67: 111-115, 1975.

Brignoli, C.A., Dinsella, J.E., and Weihrauch, J.L.: Comprehensive
evaluation of fatty acids in foods 5. Unhydrogenated fats and &ils.
J. Am. Diet. Assoc. 68: 224-226, 1976.

Weirauch, J.L., Kinsella, J.E., and Watt, B.K.: Comprehensive eval-
uation of fatty acids in foods. 6. Cereal products. J. Am. Diet.
Assoc. 68: 335-340, 1976.

Anderson, B.A.: Comprehensive evaluation of fatty acids in foods. 7.
Pork products. J. Am. Diet. Assoc. 69: 44-49, 1976.

84



165.

166.

167.

168.

169.

170.

171.

172

173,

174,

179

176.

1#7.

Exler, J., and Weihrauch, J.L.: Comprehensive evaluation of fatty
acids in foods. 8. Finfish. J. Am. Diet. Assoc. 69: 243-248, 1976.

Fristrom, G.A., and Weihrauch, J.L.: Comprehensive evaluation of
fatty acids in foods. 9. J. Am. Diet. Assoc. 69: 517-522, 1976.

Anderson, B.A., Fristrom, G.A., and Weihrauch, J.L.: Comprehensive
evaluation of fatty acids in foods. 10. Lamb and veal. J. Am.
Diet. Assoc. 70: 53-58, 1977.

Feely, R.M., Criner, P.E., and Watt, B.K.: Cholesterol content of
foods. J. Am. Diet. Assoc. 61: 134-149, 1972.

American Heart Association, The Committee on Exercise: Exercise
Testing and Training of Individuals with Heart Disease or at High
Risk for its Development: A Handbook for Physicians. American Heart
Association, 1975, pp. 42-43.

Heller, S.N., Hackler, L.R., Rivers, J.M., Van Soest, P.J., Roe, D.A.,
Lewis, B.A., and Robertson, J.: Dietary fiber: the effect of par-
ticle size of wheat bran on colonic function in young adult men. Am.
J. Clin. Nutr. 33: 1734-1744, 1980.

Fredrickson, D.S., and Levy, R.I.: Familial hyperlipoproteinemia.

In: The Metabolic Basis of Inherited Disease, 3rd Edit. Stanbury,
J.B., Wyngaarden, J.B., and Fredrickson, D.S., Eds. New York, McGraw-
Hil1, 1972, p 551.

Henry, C.L., Heaton, K.W., Manhire, A., and Hartog, M.: Diet and
the Diabetic: The fallacy of a controlled carbohydrate intake. J.
Hum. Nutr. 35: 102-105, 1981.

Mitchell, W.C., and Eastwood, M.A.: Dietary fiber and colon function.
In: Fiber in Human Nutrition. Spiller, G.A., and Amen, R.J., Eds.
New York, Plenum Press, 1976, pp. 185-206.

Eastwood, M.A., and Mitchell, W.D.: Physical properties of fiber:
a biological evaluation. In: Fiber in Human Nutrition. Spiller,
G.A., and Amen, R.J., Eds. New York, Plenum Press, 1976, pp. 109-127 .

Bunn, P.J., Cole, R.A., Soeldner, J.S., Gleason, R.E., Kwa, E., Fir-
oozabadi, H., Younger, D., and Graham, C.A.: Temporal relationship
of glycosylated hemoglobin concentrations. Diabetologia 17: 213-
220, 1979.

Cole, R.A.: How a new glucose index can help you control diabetes.
Mod. Med. March 30, 72-79, 1979.

Goldstein, D.E., Peth, S.B., England, J.D., Hess, R.L., and Da Costa,
J.: Effects of acute changes in blood glucose on hemoglobin A1c.

-5



178. Ponyard, T., Slama, G., Delage, A., and Tchobroutsky, G.: Pectin
efficacy in insulin-treated diabetics assessed by the ~artificial pan-
creas. Lancet 1: 158 - 159, 1980.

86



APPENDIX



I

~APPENDIX A

Effect of dietary fiher on fnsulin requirements and serum lipids

In juvenile-onset diabetes mellitus

INFORMED CONSENT

, have volunteered to participate in a

]
study designed to evaluate the effectiveness of dietary manipulations on
glucose and linid metabolism. I have been asked to complete the study which
will conclude by June 1981, but I should feel free to withdraw at any time.
I understand that I may refuse to undergo any of the testing procedures without
prejudice.

Participation will require the following:

A.

B.

C.

Physical measurements:

(1) body weight -=- taken initially and on a weekly basis during
the experimental trials

(2) body height -- taken initially

Maintaining records of:

(1) the foods that I eat, and the times that I eat them
(2) the amount of my insulin dose(s) and time of dose(s)
(3) my activity level (5 days on each diet)

(4) urine test results - % “sugar at each test

Answering questionaires pertaining to:

(1) my fooa preferences, habits and patterns -- initially

(2) my typical activity level & range of activities -- initially

(3) typical daily insulin dose(s) and.time of doée(s) -- initially, and
as part of the daily record - keeping format.

Testing of diets planned to meet my nutritional needs and food
preferences as much as possible, given the limitations imposed
by the study design:

(1) testing a 3-day cycle of each planned experimental diet.

(2) tasting the experimental breads and related experimental recipes
which will be used to increase the amount of fiber in the diets I
will be consuming

(3) I understand the purpose of the testing-tasting procedures is to
familiarize myself with the diets & breads and to allow for changes
to be made to improve acceptability of the diets before the =rudy
begins.
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E. Consuming the two experimental diets, each for six weeks duration on
" a 3-day cycle, followed by a 3-6-week "rest" period in which I will be
able to eat my regular diet.

F. Three Iq—hour periods of Biostator II continuous glucose monitoring.
This will require my hospitalization at St. Francis Medical Center,
No personal expense will be incurred from this hospitalization. .

The possible hazzards to me during this study are outlined as follows:

(1). Hypoglycemic reactions: I will be requested to carry small amounts
of simple carbohydrates with me at all times.

(2) The Biostator

a. Blood loss: This will be little (if any) more than that incurred by
frequent sampling need. Matched blood will be available should the
need arisa.

b. Venipuncture: Catheters will be inserted in ome or both arms and may
cause pain, irritation or infection. These hazards will be carefully
monitored and appropriate action taken should it become necessary.

c. Heparinization: The heparin solution is a low concentration and large
volumes would be needed to pose any threat to me. Although a machine
malfunction with a large infusion of heparin is possible, it has not
been reported in extensive testing. Coagulation will be monitored and
counteracted with protamine, if needed.

d. Machine malfunction: Possible areas of malfunction are: 1)} improper
glucose readouts, 2) improper interpretation by the computer, 3) with
improper insulin or glucose infusion. The Biostator has been extensively
tested, however, and is almost fail-safe. Nevertheless, the dangers to
me of these malfunctions are: 1) insufficient insulin or glucose
infusion to properly control the blood glucose level with 2} continuing
hyperglycemia. Since both of these possibilities pose a serious threat
to me periodic venous blood sampling will be performed through another
vein, or capillary blood will be obtained by fingerstick and glucose
levels monitored in the laboratory or by Dextrometer Reflectance method
at the bedside.

Clinical judgement will at all times be used so as not to endanger
my life or health. All precautions, both clinical and biochemical, will be
taken to ensure my welfare.

The Biostator contains buillt-in alarms to signal machine malfunctioms,

clots in the line, a blood sugar below 40 mg/l00ml or a change of bloed sugar
value greater than 20 mg/100 ml in one minute.
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I understand that my name and any study results connected with my name
will remain confidential. T will have an opportunity at the end of the study
to find out the conclusions. The generalities of the study have been explained
to my satisfaction at this time, but I will feel free to ask questions regarding
this study at anytime.

I understand that I am not likely to receive immediate personal benefit
from the study. However, the use of high fiber, high carbohydrate diet regimens
has allowed certain diabetics to reduce the exogenous insulin dose required to
maintain satisfactory blood glucose levels, and it is possible this may be the
case with me.

I have read and understand the above statement. I hereby voluntarily
consent to participate.

Date Signature

Witness

Parent or legal representative on
Participant's behalf if participant
is less than 21 years of age or

not legally competent

" I have explained the above to the participants (or parent or guardian) on
the date stated on this Informed Consent.

Witness Investigator

Date
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UNIVERSITY OF KANSAS SCHOOL Or  .=DICINE -
WICHITA FACULTY, P.A.

1001 NORTH MINNEAPOLIS
WICHITA, KANSAS 67214
(316) 268-3228

BIOSTATOR
DATA REPORT FORM C

CONSENT FOR PARTICIPATION IN RESEARCH ACTIVITIES

1. 1| hereby authorize DOCLOrs ...ivveevrrarean y aereraereeeaaan v v e n §E G R DT ;
and such assistants as may work undar their supervision to perform upon me the
following procedures in connection with a research project:

The use of a system that continuously measures blood glucose and possibly

infuses insulin and/or glucose to control the blood glucose level. This

investigational instrument has been developed to temporarily perform some

of the functions of the human pancreas.

2. | am informed of possible benefits to myself or others associated with the
procedure described abova. These are:

| understand that use of this instrument may help to better define a

Jmanagement regimen appropriate for my condition. This information could

possibly help others.

3. | am informed of certain hazards and discomforts which might be
associated with the procedures described above. Thase are:

Catheters (plastic tubes) will be inserted in one or both arms and may

cause pain, irritation or infection. These hazards will be carefully

looked for and treated before they become severe. | may get hypoalycemia

(low blood sugar) which can cause nervousness, sweating, tight headedness

or sleepinass but glucose will be given {f these are sevare,
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4,

| am informed that the following alternative procedures are avallable
that would be advantageous to me:

If | have poorly controlled diabetes this may be controlled with routine

medical care in this hospital without use of this investigational Iastru-

.

ment although this instrument is intended to provide better control of my

diabetes for short periods.

| understand that the investigator Is willing to answer any inquiries

| may have concerning the procedures herein described. All the inguiries
! have at this timerhave been answered.

| understand that | am free to withdraw my consent and to discontinue
participation in the project or activity at any time. | also understand
that | may ask a question or state a concern to the Chairman of the
Institutional Review Committee, and that the {nvestigator will, on
request, tell me how to reach the Committeé Chairman.

| understand that all reasonable efforts will be made to keep my identity
confidential by being given a code number for identification whenever
possible. My personal physician and/or the Food & Drug Administration
may review my records at any time in the future and | have not surrendered
my rights to good, prudqnt medical and nursing care. Information from my
medical record will be made available to other scientists while keaping
my personal identity confidential whenever possible.

| understand that The University of Kansas College of Health Sciences and
affiliated hospitals do not maintaln a policy of madical treatment or com-
pensation for physical injuries incurred as a result of participating in

biemedical or behavioral research.
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9.

of the above procedures upon me.

| have read and understand the above, and | hereby consent to performance

LR I I I S A I T I T R T I S I ]

Participant

LIRS

Dateiieeii et eranenanonss

Parent or legal representative

on Participant's behalf if partici-
pant is less than 21 vyears of age
or not legalily competent.

| have explained the above to the participant (or parent or guardian) on the

date stated on this Consent for Particlpation.

Witness
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APPENDIX B
Diet Habit/Food Preference Questionnaire

Will you be willing to eat 3 to 5 oz. of a granola-type product each day,
while on the experimental diets? yes no
(It may be necessary that at least 3 oz. of this be eaten each day).

Will you be willing to eat 4 to 8 slices of high-fiber bread or its equivalent
each day, while on the experimental diets? yes no

(It may be that at least & slices of high-fiber bread be eaten daily).

Will you be willing to eat at least 1 oz. of a 100% wheat bran product of

your choice each day? yas no

Please explain how you think you may feel about this

Do you often eat away from home? yes no

a. If ves, when? (Mark "B" for bring own, "P" for purchase it)

__ breakfast __ times per week OR __ times per month
__ a.m. snack ___ times per week OR __ times per month
__ lunch __ times per week OR __ times per month
__ afternoon snack __ times per week OR ___ times per month
___ supper __ times per week OR __ times per month

evening snack ___ times per week OR times per month

b. If you purchase the food you eat away from home, specify the type of
food and the meal or snmack for which it is purchased:

Meal/Snack Type of food purchased while eating away from home

breakfast

a.m. snack

lunch

afternoon snack

supper

evening snack

c. Where do you usually eat your meal(s) or snack(s) away from home -
bought or purchased?

Meal or Snack Where eaten
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Do you consider yourself to have a good appetite?

What time of the day are you most hungry?

morning
midmorning
noon
afternoon
evening
__bedtime

no

Do you drink fruit juice? vas
a. What kinds do you like?

Do you eat fruit? ves no
a. What kinds do you like?

b. At what time(s) do vou prefer to eat fruit?

morning
midmorning
noan
afternoon
evening
bedtime

__no preference

Do you eat cheese? yes no

a. If yes, what kind(s) do you eat?

b. How often do you eat cheese?

Do you eat breakfast-type cereals? ves no

If yes, circle the kinds you like.

100% bran raisin bran all bran corn flakes bran buds farina
whole oats wheat flake cereazal shredded wheat granola others

(please specify)

What is (are) you favorite(s) 100% wheat bran products?

Do you eat eggs? yes no

a. If yes, how do you like them prepared?
__fried
__scrambled
__poached

__other (Please specify)
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11.

12.
13.

14.

15.

Do vou drink milk? ves no
a. If yes, when?

__morning

__noon

__evening

__snacks (specify)

b. What kind?
__skim
27
__whole
__other (explain)

C. How many cups per day?

c. veal? _ times per day OR __ times per week OR times

d. fish? _ times per day OR _ times per week OR times

od

e. poultry? _ times per day OR _ times per week 0
i) How do you eat poultry?
__with the skin
without the skin

ii) Would you eat poultry without the skin, if requested to do so for a

6~-week experimental period of time? ves

96

__times per month

no

Circle where you use milk: in cooking on cereal in coffee
Do you eat meat or meat exchanges for your noon meal? vas no
a. If ves, what kind(s)?
b. How do you like to eat it?
__on sandwich
__in salad
__other (explain)
.Do you eat meat for your evening meal? ves no
a, If yes, what kind(s)?
b. How do you eat it?
__simply cooked, few sauces or gravies
_usually with sauces or gravies
__in casseroles
__other (please explain)
How often do you eat:
a. beef? _ times per day OR _ times per week OR _ times per month
b. pork? _ times per day QR _ times per week OR _ times per month

per month
per month



16.

17.

18.

Do you eat potatoes? yes no

If yes, how often?

B. How do you eat them?
__boiled
__baked
__mashed
__fried
__potato chips

Use the space after each method of preparation to indicate any
accompaniments you may eat with the potatoes e.g. butter, margarine,
sour cream, catsup, dip, etc.

Do you eat cooked vegetables other than potatoes? yes no
List your favorite kinds and how you like them prepared
Vegetable How Prepared

a.

b.

&

d.

a.

£,

g.
‘h.

1

i.

ks

1.

m.

n.

0.

D.

Use other side of this sheet, if necessary.

Do you eat raw vegetables, including salads? yes no

Please include the kinds of raw vegetables you like, how you like them
prepared, and. with what other food(s) you like to eat them, (see examples

below). This information will help us to prepare your individual menu with

the measurements that will be easiest for you to use when preparing your
meals.

EXAMPLE: Kind of raw vegetable How prepared Foods associated with it
carrot sticks plain, or in salad with
carrot shredded with raisins lettuce
tomato slices topped with cottage
cabbage ground in cole slaw cheese

Kind of raw vegetable How prepared Foods associated with it

a.

b.

c.

A

Continued on next page
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18.

19.

20.

21.

22

(Tontinued)

Kind of raw vegetable How prepared Foods associated with it

-

.

B &4 o0 o

How frequently do you eat:

a. macaroni?

b. spaghetti?

c. rice?

d. noodles?

a. bread?

About how many slices of bread de you eat per day?

Circle the foods that you eat. Indicate what you like to put on them.
Food What you put om it

a. White bread

b. whole wheat bread

c. high fiber bread

d. rolls

e, biscuits

f. pancakes

g. crackers (specify kind)

Do you eat any of the following prepared with artificial sweetener?
(Circle appropriate foods.)

milk puddings custard ice cream

Circle the foods that you have eaten within the past month.

candy pie sweet roll cake cookie sugar
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22,

23,

24,

25.

26.

27.

28.

29.

30.

(continued)

a. How often do you normally eat this (these)?
times/week OR times/month
'b. If any were 'dietetic" please specify the specific name of the
product(s)
Do you eat snacks between meals? yes no If ves, when?
__morning
__afternoon
__evening

How much coffee do you drink in a day?

What do vou put in it?

Would you be willing to limit coffee consumption to 3 cups per day?

How much tea do you drink in a day?
What do you put in it?

ves no

How many soft drinks do vou drink in a week? diet regular

What percent of these are cola-type beverages?

How often do you drink beer? 1

About how much beer do you drink each time?
What kind of beer do you drink?

How often do you drink other alcoholic beverages?

What kind of alcoholic beverage & how much of each kind would
you drink each time?

Would you be willing to forego all alcoholic beverages for a 6-week
period of time? yes no (Abstinence is requested, but not
required to participate in the study).

Do

a.

b.
Do
If

you eat soup? yes no

If yes, what kinds are your favorites?

Are these home-made or purchased?

you eat stews? ~yes no

yes, what kinds are your favorites?

Do

a.
b.

you eat casseroles? yes no

If yes, what kinds are your favorites?

Please include recipes, if you like. They would be helpful, particularly
1f the casserole is not a common one.

you use dressing on salads? yes no

How much do you use? (Please be as specific as you can)

What kinds of dressing do you most frequently use?
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3l.
32.

33

34,
35.
36.

37.

38.

39.

40.

Do you salt foods in cooking? yes no At the table? yes
Do you season your vegetables with no

__bacon?
__butter?
__margarine?

Do you use non-meat sources of protein such as
__Pinto beans?

__navy beans?

__Ppeanut butter?

__dried beans?

__other? (Please specify)

a. Are any of these eaten in place of meat? yes no
b. If yes, which one(s)?

How often?

What kind of margarine do you use? (brand name)

Do you use oil in cooking? ves no If yves, what kind?
How often do you do each of the following?

a. Cook own meals ¢. eat in restaurants

b. carry sack lunch d. cooking done for you

Check those which you like to eat:

__Mexican foods?
__Spanish foods?
_ Chinese foods?
__Italian foods?
__Kosher foods?

Do you have trouble eatiag or: chewing foods ___ yes - no
If yes, please explain.

What are some of your favorite foods?

a. by
B k.
c. 1.
d. m.
a. n.
f. O.
g. P-
h. q.
1. )
Are there any foods you will not eat?

a. h.
b. i.
c. Fe
d. k.
e. L
Es m.
g. n.
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41. Weight.

a. How much do you weigh?

b. How much would Dr. Guthrie like you to weigh?

¢. How much would YOU like to weigh?

d. Has your weight changed within the past six months? ves 1o

i) How many pounds were gained?
ii) How many pounds were lost?

42. Exercise

other (specify)

no
a. In addition to necessary daily walking, etc., do you exercise? ves
b. If yes, what type of exercise? (complete the following table as in the
example) .
Type of exercise Amount of time Daily Weekly
eg. X jog 10 minutes X '
X swim 1/2 hour X
—_Josg
walk — _
bicycle _
run fast
bowl S
swim
calisthenics

C. 1Is your occupation physically active?

very (specify)
moderately (specify)
gedentary (desk job)

43, What is your occupation?

44. Check any of the following which you are currently taking at home:

vitamin or mineral supplements (specify product, brand, and amount)

other nutritional supplements (e.g. protein, etc.) Specify product,
brand, and amount.

medication other than insulin. Specify type, dose, and reasom. __

45, 1Insulin
a. What kind(s) of insulin do you take?

b. What is (are) the average dose(s)?

c. How much do(es) your average dose(s) vary?

d. At what time(s) do you take your insulin?
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e. When was the last time you had an insulin reaction?

How frequent are insulin reactions with you?

f. When was the last time you had a hyperglycemic reaction?

How frequent are these with you?

g. How close to the same time each day do you:

i) take your insulin?

ii) eat your meals?

h. Are you accustomed to recording your insulin dose and/or time of dose?

yes no

————

46, Urine testing

a. How oftem do you test your urine?

b. What method do you normally use to test your urine?

c. Do you regularly record your urine test results?

no
d. Do you have any experience with the 2 gtt clinitest method? ™ ves

47. Have you ever recorded food intake onm a regular basis? ves no
If yes, for how long?

48, With what kind of a diet do vou currently work?

exchanges
calorie points
carbohydrate points

combination of the above (specify)
other (specify)

|

48a, Where do you live?

dormitory
fraternity
sorority
with parents
alone
with roomate
with husband and/or children (circle appropriate)

48b. Please include your address below:
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49, 1If you work with any type of diet or combination of diets in question
#46, please specify the number and tvpe of exchanges or points for each
meal and snack, as you normally eat them. PLEASE BE VERY SPECIFIC.
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50. Write the types of foods you choose for your usual meals and snacks QR write
what you have =aten within che past 24 hours IF it was a fairly typical day.

DON"T FORGET TO_INCLUDE LIEMS SUCH AS SUGAR, CREAM, MILK, BUTTZR, DRESSINGS, EIC,

Kind of food | How prepared How much

|
First meal i
time: H

place:

place: [
!

Second meal
time:

place:

Snack

time:

place:

Third meal
time:

place:

Snack
time:
place:
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51. Many of the following foods are relatively high in dietary fiber. Others
are necessary to maintain a well-balanced diet or to add interest and
palatability to meals and snacks. According to the scale below, please
rate your preference for the foods which follow. PLEASE CONSIDER ALL
FOODS ONLY IN VIEW OF A SIX-WEEK EXPERIMENTAL DIET PERIOD.

Scale:

A.
B.

=1 =

Like it well and could eat daily, if necessary
Like it all right and could eat it at least once every two or three days,
if necessary.

. Neither like, nor dislike, but wouldn't mind eating fairly often, if

necessary.

. Mildly dislike. Would prefer not to eat it, but would if diet could not

be worked out any other way.

. Would not eat it.
. Have never eaten it.

Begin rating foods on the following page.
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MILK AMD DAIRY PRODUCTS

A 3 C

American processed ChE@S@ .........caun

cheddar cheese .......oouiiiinnnnnniny

creamed cottage cheese .................

Tow-fat cottage cheese .........o.ovuunn

jow-fat mozarella cheese ...............

...................................

Morning Star Farms
-sausage patties or links..........

MEAT, POULTRY AND FTSH

pork, lean..... eeeaaeaaaes Chieeeas -

ham, lean,.,..... e eeeeeaaa i baear e i

Chicken, light meat ....................

Chicken, dark MEAt .uuuurvnernrerenennis

turkey, light meat............. —

turkey, dark meat......... S,

tuna, in water (not oil)...............

Sard'IHES Lassssaasianarans teecssanaena s
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BREADS, CEREALS, AND STARCHY

VEGETABLES

A

white bRaNS <« vovranenss s AR R L

kidney beans ....ceeevrrioanaraninaanns

PINEO DEARS ceveversvranaraanrsnseasans

brown beans «i.eeeeens oo o e aieoE i

1ima beansS. c.essesscssannceiananes P

100% bran cergal veaeevvacesarsine e

whole wheat bread. ... -cocviseresaanans

high=fiber Sread... ccovveinvennniiens

graham crackers............. i edieeanas

PAPTNIA L o5 vvw st issis e a s @y e s

eggnoodles .........connns wn i ik o Wi EE
oatmeal ., .. iuennsran ehomreas ¥ 8 Vi s )

potatoes ., .......... Cireeeees v BT

brown rice....... A S e e T 4

WHILE TICE L veieeieronansvannnnasnnnnnes

dinner voll ... ..vivennns 2 v v St

cye wafers............ wiminm i R S

spaghetti. ... voivvevennnns R

Winter SQUAash......eevvrreansirnansnnenas

summer squash..... cansanens aee &R

sweet potatoes ....vvvvnrrranaenninan !

wheat flake cereal.......... i e

shredded wheat «.o.vvveevvronennns S,

baked beans -ceeeneerianas NP s

(S, SR

granola-type Praducts -« e-veeeecssrsroeas
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F:11 1ok Fod o ) TR P

banana

................................

blackberries......... R S i

PR 8 S e TR S RS e won siwilhd

grapefruit ... e

gqrapes ,....... Neesserietet s s nrune

cantalope.....cc.vvunnnn, v,

honey-dew melon., . ... ..iveenuniinnn.

EANGETINe: ot ot A e ot 55 40

THUBBTD: (2 iiiiimnmmesitinsas e nnns ins

PASINS L .vuiininnirnennnnnns eseaaenans 4

FAT-CONTAINING FOODS : In evaluat-
ing the following, consider their
use in cooking or as accompaniments.

margarine -tub ... .. c.iiiiiiiiiia., . 4

LT P e d

corn ail ........ eeaeeraeaa ez

cattonseed oil, . .. .... B

peanut 01l ... ... .0innnn. T |

safflower 0il........... R T R

saybean oil ...... — R, s

- peanut butter ..........ivnn... "

AIMONAS ..t i

PRANUES +ervvrernnsnnannrane o

pecans ......... T I I Ty
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Vegetables

Please note how you prefer to sat your vegetables by marking R for RAW and ( for COOKED.
for example, if you lave raw carrots but absolutely detest them cooked, mark

A 8 c D E F
CARROTS R

or, if you like cabbage fairly well either raw or cooked, but wouldn't want to eat
either every day, mark

CABBAGE R/C

=
n
o
X
2
(72}
(g
U

BROCCOLI ..t e ———
BRUSSEL SPROUTS t.vvvivviieriaiinannnas

CABBAGE .. vvveineniann e neianeannaas

CARRQTS .. .... bE A v e ee e R cen
CAUETFPLOWER waiss v s 55 o 48 awais e e L
CELERY

CUCEMBER ........... wiacie Wi T
EBGPLANT Lt iee i i

KALE BREENS s cammnatittinnse e 58 brp 2 Subin
LETTUCE Lt
ONIONS . ........ RSN (BOCEES Y
PARSNIPS

..............................

RADISHES

..............................

EUCCHIND L. i eaees ]

RUTABAGA . .. vv et e e eeeeenneeanns l . ! f
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Is there anything additional you feel we should know? Lf so, please include
it fere.
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APPENDIX C

DIET RECORD INFORMATION

Date:

1. If you are a daytime person, you need only write this in when you
start a new book. Just make sure the date is correct.

2. If you frequently work at night and are switching between nighttime
and daytime activity, please include the date at all meals. This
is particularly important for 'graveyard-shift" workers.

Time: This should be to the nearest 5 minutes of giving yourself insulin.

Method:

This refers to the method of urine testing. Indicate whether the method
was clinitest or testape.

Urine Sugar:

Indicate this as "+'" or "%", whichever the colored paper has coded to
indicate urine sugar.

Acetone:

This test need only be performed if your urine sugar has been greater
than 2% for 3Jor more consecutive times.

Insulin:

The 9] + U should be completed similar to the following
example:
12 U NPH + 10 U Reg

Time:
Next to each meal label ie FIRST MEAL, SNACK, SECOND MEAL, etc., there

TehkdekR *hkhkw & J kN kkkddd ddekk

is a blank to be filled in for "Time. This should be the time you BEGIN
consumption of that meal or snack.

Time: Met: Sugar: Acetone:

At the bottom of each page labled THIRD MEAL you will see the above words.

% 9 % o e o e de e ke

"Met:" stands for ''method" and again, this refers to the method of urine
testing.

"Time:'" should indicate the time urinalysis was performed and this should
be the last possible thing you do before you go to bed.
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Other Information:

This heading appears on the second last page of all the booklets. This
is where you should record things which might affect blood sugar and for
which there was not room in the format on the previous pages. Examples
of such things include:
1. medications:
a. Are you currently taking a medication?
b. Have you discontinued a medication you have been taking for
a long time?
¢. Include over-the-counter preparations as well as prescription
medications.

d. Be sure to indicate the NAME of the medication and manufacturer.
2. General Health

a. Were you sick?
b. Were vou bedfast?

. Anything else you can think of that may have some effect on your
system, i.e. wide variation of your mood, etc.

w

Reactions:

You will find a reaction table on the last page of your booklets. Please
use it in the event you should have a reaction. Use it also if you

feel a reaction coming on but are able to take the correct precautions
before anything actually happens. This will help us to see a change

in insulin requirements or other needs which you might have.

Describe what happened and why you think it may have happened.

MEAL AND SNACK TABLES

Amount:

1. Use whatever measure is the most convenient at the time, however,

2. WHENEVER POSSIBLE, WEIGH YQUR FOODS ON THE SCALE PROVIDED. This will
help our data collection in two ways:

a. The more accurate your records, the more accurate our data, and
the more relevant the information we can extract from the data.

b. It helps you to become more proficient in estimating food weights
so that when you are in a position in which it is impossible or
highly impractical to weigh your foods, we can still have a
relatively good estimate of your food consumption.

3. If it is easier to measure the volume than the weight, MEASURE THE
VOLUME. The important thing is TO MEASURE. e.g. 3/4 cup macaroni
hamburger tomato casserole, 1 c. milk, 2 oz beef patty.

4. If you are unable to weigh or measure, estimate the weight or measure.
If you aren't confident with this, estimate the dimensions of the food.

Food:

1. Identify the food. If it is relatively unalterable such as a raw
apple or pear, no further qualification is necessary in this column.
If it is a casserole, please describe the main ingredients.

If it is a food that comes in a variety of forms such as skim, 2%,
or whole milk, indicate the type. THIS IS VERY IMPORTANT.
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How Prepared:

Indicate if the food was raw, fried, baked, boiled, steamed, etc.
Don't forget to include hidden calorie items, such as ''green beans cooked
in fat."

WEIGHING YOURSELF: GUIDELINES

As you start each week of the diets, it will. be necessary to weigh your-
self so that we can ensure a constant weight. Please follow these guide-
lines so that we can obtain the greatest possible consistency with your
home scale.
1. Weigh first thing in the morming AFTER going to the bathroom and
BEFORE eating or drinking anything, including water.
a. If you eat or drink something before weighing, weigh yourself by
following these guidlines on the next day.

2. Weigh yourself either naked or in your underwear, but BE CONSISTENT.
3. ZERO THE SCALE BEFORE WEIGHING.
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APPENDIX D

Method of calculation of hourly energy expenditure

NAME : DATE ; BIOSTATOR DIET:
Factor: kg body weight / 1000 * 5 = kg * 5/ 1000 =
Time to Time Activity ml 02/kg/min * factor = kcal/min * min = kcal
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APPENDIX E

Wheat bran hread formula
Ingredient % Flour Weight
Hard red spring & winter wheat blend bread flour? 100.00
Water 112.18
Hard red spring wheat branb 30.00
Vital wheat g1utenC 10.00
Sucrose 10.00
Compressed yeastd 4.00
Al1-purpose shortem‘nge 3.00
Sodium chloride 2.50
Bromate-type yeast foodf 0.60
Sodium-stearoyl-2-Tactylate 0.50
Calcium propionate 0.40
Asorbic acid (in solution) 100 ppm
Potassium bromate (in solution) 75 ppm
Azodicarbonamide (in solution) 20 ppm

%ansas Diamond Bleached Wheat Patent Bread Flour (protein = 11.5%), Dixie

Portland Flour Mills, Inc., Memphis, TN

38101

Phepartment of Grain Science, KSU, Manhattan, KS 66506

CPam‘p1us D (254) Vital Wheat Gluten, Olathe, KS 66061

dRed Star Compressed Yeast, Universal Foods Corporation, Milwalkee, WI 53201
©a0M A11-Purpose Shortening; Archer Daniels Midland Co., Decatur, IL 62525

Fc.M. Yeast Food, ITT Paniplus, Olathe, KS
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Method of wheat bran bread preparation

1. Fifty percent of the wheat bran was soaked in 14.89 percent of the total
water for one hour.

2. With the exception of salt and the remaining bran, all dough ingredients
were mixed in an 80 quart aluminum bowl with appropriate aluminum dough
hook in an institutional mixer? for one minute at speed one, one minute
at speed two and three minutes at speed three until development of good
gluten film.

3. With mixer at speed one, salt was sprinkled on dough and mixed for a total
of one minute.

4. The bran-water mixture was then added to the dough and mixed at speed one
until incorporated.

5. With mixer at speed one, dry bran was sprinkled onto dough until it was
worked into the dough surface, then mixed at speed two until just incor-
porated into dough.

6. Dough was placed in fermentation cabinet for 45 minutes (88° F wet bulb,
86° F dry bulb).

7. Dough was then scaled to 22 3/4 ounces, rounded and benched 20 minutes.

8. Dough was molded® and placed in one-pound silicon-coated bread pans, then
proofed (100° F dry bulb, 95° F wet bulb) to template height (Figure 6A).

9. Bread was baked at 425° F for 35 minutes in a rotary oven, cooled, sliced,
and double bagged€.

%Hobart Corporation, M-802, Troy, OH 45373

bPressure plate 3.5; Top roll 3.0; Bottom roll 1.7
Acme Rol-Sheeter, Model No. 88; D.R. M€Clain and Son, Pico Rivera, CA

CBread was first placed on 1 1/2 mil plastic bread bag and tie, then 4 mil
plastic bread bag and tied.
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FIGURE 6A. Template used for proofing wheat bran bread [1ife-size]
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APPENDIX F

Cellulose bread formula

Stage ~ Ingredient - I _ % Flour Weight
Sponge Hard red spring & winter wheat blend bread flour? 60.00
Bromate-type yeast foodb 0.60

Compressed y-eastc 0.40

Water 36.00

Dough Hard red spring & winter wheat blend bread flour® 40.00
' Vital wheat g1utend 10.00
Sucrose (granulated) 10.00

Non-fat dry milk 6.00

Al1-purpose shorteninge 5.00

Bread sours 0.50
Sodium-stearoyi~2-1acty1ate 0.50

Calcium propionate 0.40

Potassium bromate (in solution) 75 ppm
Azodicarbonamide (in solution) 20 ppm

Ascorbic acid (in selution) 150 ppm

Sodium choloride (in solution) 3.29

Total dough water 91.03
Microcrystalline cellulose’ 30.00

4ansas Diamond Bleached Wheat Patent Bread Flour (protein = 11.5%); Dixie-
Portland Flour Mills, Inc., Memphis, TN 38101

bC!M. Yeast Food, ITT Paniplus, Olathe, KS 66061

CRed Star Compressed Yeast, Universal Foods Corporation, Milwalkee, WI 53201
dpaniplus D (254) Vital Wheat Gluten, Olathe, KS 66061

€ADM A11-Purpose Shortening; Arther Daniels Midland Co., Decatur, IL 62525
fAvice] - pH type 101; FMC Corporation, Philadelphia, PA 19103
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Method of cellulose bread preparation

Sponge ingredients were mixed in an 80 quart aluminum bowl with appro-
priate aluminum dough hook in an institutional mixerd@ for two m1nutes
at speed one and two minutes at speed two.

2. The sponge was fermented in a fermentation cabinet for two and one-
half hours (88° F dry bulb, 86° F wet bulb).

3. At the end of sponge fermentation, all dough ingredients (except cell-
ulose, 64.8% of the salt and 70.3% of the water? were mixed in same
mixer and equipment for one minute at speed one. The sponge was im-
mediately added and mixed with the dough for 30 seconds at speed one,

30 seconds at speed two, and then on speed three until gluten development
had occured (9 - 10 minutes).

4. The remaining salt, dissolved in the remaining water, was then added to
the dough, along with the cellulose. With the mixer on speed one, mixing
was initiated with the bowl in "down" position until water was suffic-
iently absorbed. The mixing bowl was then raised to "up" position
and mixing continued at speed two until cellulose was evenly dispersed.

5. The dough was then covered with p]ast1c and rested in fermentation
cabinet for ten minutes.

6. Dough was scaled to 29 1/2 ounces, rounded agd benched ten minutes. Dough
was then punched down, molded in rol-sheeter®, and placed in silicon-
lined bread pans® and placed in proof box (100° F on dry bulb, 95° F on
wet bulb) to proof until template height (Figure 7A).

7. Bread was baked ig a rotary oven at 400° F for 42 minutes, cooled, sliced
and double-bagged®, and frozen. at 0° F until needed.

“Hobart Corporation, Model M-802, Troy, OH 45373

bPressure plate = 4.0; Top role = 3,0; Bottom role = 2.0
Acme Rol-Sheeter, Mode] # 883 D.R. MCClain and Son, Pico Rivera, CA

Cax tin plate, green color, silicon glazed bread pan, 22 ox. capacity

dBread was first placed on 1 1/2 mil plastic bread bag and tie, then 4 mil
plastic bread bag and tied.
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FIGURE 7A. Template used for proofing of cellulose bread [Tife-size]
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APPENDIX G

Granola recipes and method of preparation

Amount (g)

Ingredient 0p,6? PG &C 6° gH/SH 6°
Egg white 2632 1152 3008 3008
Banana (EP)® 2820 1152 3008 3008
Wheat Bran 3290 1260 3290 3290
Crisco Shortening 940 - -- --
Whole Wheat Flour 940 -- -- --
Cinnamon 28 11 28 28
Sesame Seeds -- - 846 846
Brown Sugar Twin 188 72 188 188
Slivered Almonds 940 360 940 --
Raisins 1880 720 1880 1880

3Granola eaten by DP during first three weeks of wheat bran diet.
bGranola eaten by DP during second three weeks of wheat bran diet,
CGranola eaten by GC throughout wheat bran diet.

dGrano1a consumed by both GW and SH throughout wheat bran diet.

€edible portion
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Method of preparation of granola

The following general method was employed in the preparation of all the
granolas. Although the method includes all possible ingredients, they were
not all added in any given recipe.

1. Preheat rotary oven to 300° F.

2. With wire whip, whip egg white in mixing bowl until smooth peaks are
formed.

3. With wire whip, in separate bowl, whip banana until Tumps disappear.

4. In large mixing bowl with paddie, thoroughly mix Crisco shortening, whole
wheat flour, and wheat bran.

5. Add to Targe mixing bowl: whipped egg white, whipped banana, cinnamon,
sesame seed, brown sugar twin, and slivered almonds. Mix thoroughly.

6. Label and weigh baking trays. Place granola on baking trays and weigh
again. Bake in rotary oven until thoroughly dry to touch.

7. Cool. Weigh each tray with granola.

8. Calculate percent ingredient loss, percent moisture loss, and grams
wheat bran/100 g cooked granola. These calculations are used to figure
grams of uncooked raisins which should be added to the granolas for each
meal and snack.
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APPENDIX I

Research Protocol

Background

Several sources have now developed mechanical devices for closed loop
monitoring and control of the blood glucose. Such devices were originally
developed with the goal of an implantable artificial B-cell for con-
tinuous use. Such a system still eludes researchers, but the work has
led to the development of extracorporal closed loop systems capable of:

a) continuous glucose monitoring for periods up to 72 hours; b) the
integration of the blood glucose values by computer; and c) computer
controlled insulin-glucose infusions for the control of the blood glucose
Tevel.

Continuous glucose monitors-controllers (CGM-C) have been used exten-
sively in Diabetes Research Centers on normal and diabetic patients and the
computer algorhythms have been well worked out. The instruments have great
practical significance for clinical medicine but have not yet been field
tested on actual patients in a hospital setting. The FDA has requested
field testing prior to marketing of the CGM-C units. One such unit
developed by the Ames Company, a division of Miles Laboratories in Elkhart,
Indiana, is ready for such field testing. This instrument, called a
Biostator II-Controller, has been tested and refined repeatedly in
various Diabetes Centers around the country for over five (5) years. The
continuous glucose monitor portion of the Biostator II has been approved
by the FDA and is currently being marketed as a single instrument,

The controller portion of the instrument still requires field testing,
and will be field tested in three (3) centers around the country. We have
been asked by Miles Laboratories to be one of these three centers for
field testing of the Controller. Miles will supply a Controller (con-
sisting of a continuous glucose monitor, computer, and insulin-infusion
pump). The company has prepared a protocol to be followed. The essence
of this protocol (without the numbers) is presented below.

Purpose of the Research

To field test the Miles Biostator Continuous Glucose Monitor-
Controller under actual field conditions in diabetic patients
to determine the ability to practice to control diabetics, and
attain and maintain normoglycemia.

Methodology
A. Patient population

1. Children over the age of ten years (10 years) and adults
with diabetes mellitus with hyperglycemia.
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Research Proposal
(Continued)

2. Pregnant diabetics during labor and delivery
3. Diabetics during surgery.

The diabetics with hyperglycemia will include patients in
diabetic ketoacidosis (DKA) -- both newly diagnosed patients
and old diabetic patients with DKA for whatever reason, and
patients with uncontrolled hyperglycemia who need re-
regulation.

B. Management

We have considerable experience with the management of diabetic
patients with the above problems including the use of continuous
insulin ¥nfusion in DKA, labor and delivery, and surgery. Data
on over one hundred patients so managed are available for
comparison controls for the machine-controlled gvoup.

During this protocol all patients with the above conditions and above
ten (10) years of age (so that proper consent can be obtained) will be
controlled with the Biostator. A double Tumen catheter is inserted
into a peripheral vein. A small amount of heparin is infused through
one lumen to maintain anticoagulation of the line. Heparin does not
infuse into the patient. Blood is drawn continuously through another
Tumen by a pump inside the Biostator. Blood is drawn at a rate of
2cc/hour. The blood then passes into the machine where the blood glu-
cose is determined by the glucose oxidase method and the values printed
out on hard copy and on a readout on a display. The Tag time is 90
seconds from arm to readout.

Glucose values are then automatically fed by the machine to a computer
which is programmed to control a second pump which can infuse insulin
and/or glucose through a second indwelling catheter. The computer can
be programmed to control the blood glucose at a present value, to re-
spond to rate of change in the blood glucose, or to maintain a present
infusion rate for insulin and/or glucose irrespective of the glood
glucose level.

Advantages of the Machine

Continuous insulin infusion s now an accepted method of controlling
blood glucose during DKA, hyperglycemia, labor and delivery and during
surgery. It is performed, however, usually by an open loop system (i.e.,
there is no computer control and blood samples need to be withdrawn at
periodic intervals to monitor response). The continuous insulin in-
fusion technique has, however, been proven to be a safe and effective
method for controlling hyperglycemia.

A closed Toop system incorporating automatic glucose control via
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Research Protocol
(Continued)

continuous glucose monitoring and variable infusion rates controlled

by the blood glucose Tevel would greatly simplify the continuous
insulin infusion method and facilitate glucose control without the
inherent danger of overshoot hypoglycemia seen with the open Toop
system. We feel the system will be particularly useful during labor
and delivery and during long surgical procedures where hypoglycemia

is difficult to detect and where frequent blood sampling is difficult.
A closed loop system should then have great practical usefulness in the
field and should be commercially available.

Disadvantages and Dangers to the Patient

The Biostator has been extensively tested over a five-year period in
ten Diabetes Centers and found to be safe and effective in diabetics
under controlled conditions in a clinical research center. There is
every reason to believe it will perform as well under field conditions,
but since that is the purpose of this experiment that fact is not known
for sure. We feel the machine has been sufficiently tested by diabetes
experts to pose no hazards to sick patients. Possible hazards are as
follows:

1. Blood loss

The blood loss by continuous monitoring will be Tittle (if
anymore) than that incurred by frequent sampling need with
open loop systems.

2. Venipuncture

These individuals will be sick patients in need of insulin
therapy and would have venipuncture in any event.

3. Heparinization

The amount of heparin infused to keep the 1ine open is no more
than needed to keep a heparin lock open and should pose no
threat to the patient. Indeed the heparin does not enter the
patient at all. A machine malfunction with a large infusion of
heparin is possible but has not been reported in extensive
testing. Coagulation will be monitored and the heparin
counteracted with protamine if needed, The heparin solution

is in a low concentration, i.e., 5000 units in 100 cc of NaCl,
and Targe volumes would be needed to cause any difficulty.

4. Machine malfunction

The Biostator has been so extensively tested and refined that
it is almost fail safe, but of course no machine is completely
so. Possible areas of malfunction are: a) improper glucose
value readouts, b) improper interpretation by the computer,
¢) with improper insulin or glucose infusion. The dangers

of these malfunctions are: a) insufficient insulin or glucose
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Research Protocol

(Continued)

infusion to properly control the blood glucose level with
continuing hyperglycemia and/or DKA, b) over insulinization
with hypeglycemia. Both of these possibilities pose a serious
threat to the patient so that they must be watched for. This
will be done by periodic venous blood sampling through

another vein or by finger stick (capillary blood) to monitor
blood glucose levels in the chemistry labotatory or by
Dextrostix-Eyetone Reflectance meter at the bedside. Clinical
judgement will at all times be used so as not to danger the
1ife or health of any patient. A1l precautions, both clinical
and Biochemical will be taken to fnsure the patients' welfare.
Informed consent will in all cases be obtained and the dangers
explained to patients and/or parents or other responsible
individuals in the case of comatose individuals. The Biostator
contains built-in alarms to signal machine malfunctions, clots
in the 1ine, a blood sugar below 40 mg/dl1 or a change of blood
sugar value greater than 20 mg/dl in one minute.

We feel that the machine (Biostator Monitor and Glucose Controller) has
been thoroughly tested and is now, in effect, a commercial instrument which
offers tremendous advantages in the management of hyperglycemia with few

dangers.

Field testing can be carried out in our institutions which will provide the
data needed for FDA approval and commercial availability. We ask approval
of this protocol by Human Experimentation so that the protocol can be in-
stituted in August, 1979.
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Appendix K

Average time + S.E.M.2 at which meals and snacks were consumed by subjects

in a free-living environment on control diets, cellulose and wheat bran dietsb
Meal Time (hour : minute) + S.E.M. (minutes)

Name Diet Breakfast AM snack Lunch PM snack Dinner HS snack

GC Control 8:08+ 8 10:45+ 6 12:40+ 9 16:04+ 9 18:11+ 7 22:30+17
Cellulose 7:17+15 11:50+10 12:53+10 16:20+10 19:14+10 22:59+10
Wheat bran 7:38+10 10:44+ 5 12:24+ 5 15:43+ 6 18:24+ 7 22:38+ 8

GW Control 7:42+413  9:54+410 12:30+ 6 16:103}3 18:11+ 5 20:44+22
Cellulose 7:13+21  9:42+20 11:59+ 7 16:39+16 18:06+ 8 20:41+34
Wheat branC

SH Control 6:33+ 8 9:40+ 6 1l:46+ 4 15:19+ 6 18:27+ 4 21:10+ 4
Cellulose 6:37+ 8  9:25# 7 11:49+ 5 15:36+ 6 18:05+25 21:27+ 3
Wheat bran 6:36+12  9:21+ 8 11:45+ 6 15:57+ 7 18:16+ 3 21:15+ 6

DP Control 8:18+13 d 11:58+ 8 15:07+28 17:43+ 5 21:43+27
Cellulose 8:02+ 3 d 11:26+# B 15:23+18 17:33+ 3 21:24+16
Wheat bran 8:07+ 6 d 11:35% 7 15:33#18 17:36% 5 21118411

astandard error -of the mean

baveraged over 6 week period for all diets

cmeal times not recorded

d

AM snack not consumed by DP
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ABSTRACT

Four young adult (18 - 26 years) non-obese human subjects (2 male, 2 fe-
Vmale) with Type I diabetes mellitus volunteered to consume a series of three
diets: baseline (normal daily intake), wheat bran (normal daily intake plus
80 g wheat bran per day) and cellulose (normal daily intake plus 30 g cel-
llu]ose per day). Wheat bran and cellulose diets were both
tain 60 g dietary fiber with 50% of the dietary fiber from wheat bran or cel-
lulose, respectively and to be equivalent to baseline diets in protein, car-
bohydrate, fat cholesterol and the ratios of simple to complex carbohydrate
and saturated to unsaturated fat. Each patient served as his own control.
Diets were of six weeks duration, separated by four-week "recovery" periods.
At the conclusion of each diet, subjects were hospitalized to undergo 12 hours
of computer-controlled, insulin-glucose infusions (Biostator, Ames Co.)
Dietary intake during hospitalization was equivalent to normal daily intake
(baseline) and normal daily intake plus the respective fiber (high-fiber).
Significant reductions were seen in fasting serum cholesterol for both high-
fiber diets (baseline 198 mg/d1; wheat bran 171; cellulose 174. Triglycer-
ides during the wheat bran diet were reduced, but not significantly (base-
1ine 76 mg/d1; wheat bran 56 mg/d1); cellulose feeding did not change fast-
ing serum triglycerides (73 mg/d1). High-density 1ipoproteins were signifi-
cantly reduced with both types of fiber feeding.(baseline 68 mg/d1; cellulose
48; wheat bran 50; P < 0.003). Mean daily insulin doses decreased (P< 0.03)
in response to fiber addition (baseline 48 units; wheat bran 44; cellulose 43);
mean biostator insulin requirements decreased with wheat bran (baseline 47
units; wheat bran 42; P < 0.02) but not with cellulose (54 units). The dis-

crepancy between free-living and biostator insulin requirements is difficult



to explain since the biostator is often used to determine free-living insulin
requirements, Both high-fiber wheat bran and high-fiber cellulose diets
exerted hypocholesterolemic effects but a least part of the cholesterol-low-
ering obseryved may have been due to an increased consumption of soluable
fibers. Juvenile-onset diabetic subjects may benefit from high-fiber diets,
with fiber predominantly as cellulose or wheat bran, but the improvement in
serum 1ipids is not as great as reported by others high-carbohydrate is
consumed in conjunction with high-fiber. In addition, high-fiber feeding
predominantly as wheat bran, generally induces improvement in glycemic
control and reduction in insulin needs of young adult Type I diabetic
subjects. High fiber fed predominantly as cellulose is inconsistent in

improving glycemic control and insulin requirements in the same subjects.





