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A B S T RA C T To identify any metabolic effects of
dietary fiber upon cholesterol metabolism in man, six
adult volunteer subjects were fed eucaloric cholesterol-
free formula diets, with and without added dietary fiber
for two 4-wk periods. A large quantity of dietary fiber
was fed, some 60 g of plant cell wall material (or 16 g of
crude fiber) derived from corn, beans, bran, pectin, and
purified cellulose. This provided about five times the
fiber intake of the typical American diet. The addition
of fiber to the cholesterol-free diet did not change either
the plasma cholesterol level (171+21 mg/dl, SEM, to
167+18) or the triglyceride (103±39 to 93±27 mg/dl).
The excretion of both endogenous neutral steroids and
bile acids were unchanged with fiber (505±41 to 636
±75 mg/day and 194±23 to 266±47 mg/day, respec-
tively). However, total fecal steroid excretion was in-
creased 699±29 to 902±64 mg/day, P < 0.025). With
fiber, intestinal transit time was decreased (59±9 to
35±8 h, P < 0.005), and both the wet and dry stool
weights were greatly increased.

A second group of six subjects was fed similar diets
containing 1,000 mgcholesterol derived from egg yolk.
The addition of fiber to the 1,000-mg cholesterol diet
did not alter either plasma cholesterol level (233±26 to
223±36 mg/dl) or triglyceride (102±19 to 83±11 mg/
dl). The excretion of endogenous neutral steroids (618
±84 to 571±59 mg/day), of bile acids (423±122 to 401
±89 mg/day), and of total fecal steroids (1,041±175 to
972±+111 mg/day) were unchanged by fiber. The ab-
sorption of dietary cholesterol was not altered when
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fiber was added to the 1,000-mg cholesterol diet (44.0
+3.3 to 42.9±2.5%). A two-way analysis of variance

utilizing both groups of subjects indicated a significant
(P < 0.001) effect of dietary cholesterol upon the
plasma cholesterol concentration.

Weconcluded that a large quantity of dietary-fiber
from diverse sources had little or no effect upon the
plasma lipids and sterol balance in man in spite of the
fact that intestinal transit time and stool bulk changed
greatly.

INTRODUCTION

Fiber has currently aroused great interest as a major
dietary component which may affect the incidence of
coronary heart disease in Western societies. Based
upon epidemiological findings, Burkitt, Trowell, and
others found a relationship between the lack of fiber
in the diet and the incidence of several commondisease
states (2-9). These disorders included coronary heart
disease, diabetes mellitus, diverticular disease and
cancer of the colon, appendicitis, and dental caries.
Their hypothesis was supported by strong evidence
that these diseases were rarely seen in populations
whose diets had a high fiber content in contrast to peo-
ple of the Western world consuming a low-fiber and
highly purified diet.

The fiber found in cereals, legumes, fruits, and vege-
tables has been a major component of the diet of man
since the dawn of history. However, the fiber content of
the Western diet has gradually been reduced by two
technical changes: the refinement of food products and
the accompanying removal of fiber, and the gradual in-
crease in meat and fat consumption with a reciprocal
decrease in foods having a high fiber content such as
cereals and potatoes. An important landmark was the
change in the milling process of wheat flour from stone
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grinding to the use of steel rollers in the late nineteenth
century (10, 11). Steel rollers more efficiently extracted
bran from flour. Thus, the final product had a lower
fiber content. In Western countries, the average daily
fiber intake is only one-fifth of what it was in the mid-
nineteenth century (12). The crude fiber content of the
present American diet is estimated to be 2-5 glday,
whereas 18-35 glday is reported in more primitive
cultures (13).

Dietary fiber has been defined as that vegetable
material resistant to digestion by the gastrointestinal
tract. It is composed of several complex carbohydrates
which include the hemicelluloses, cellulose and pec-
tin, as well as lignin. The most common index of the
fiber content in food utilized today is "crude fiber" (14).
Crude fiber is the residue remaining after treatment
with ether, boiling sulfuric acid, and sodium hydroxide.
This residue consists of 10-50% lignin and 20-50% of
the cellulose present in the original food. In the deter-
mination of crude fiber, all of the pectin and about 80%
of the hemicelluloses are not measured, with a con-
siderable underestimation of true dietary fiber. A better
index of dietary fiber intake is the measurement of plant
cell wall content as perfected by Van Soest and
McQueen (15) and which we have utilized in this study.

To date there have been conflicting reports in the
literature about the effects of fiber upon the plasma
lipid levels (16-22). Studies with the addition of bran
fiber have been largely negative in man, but some low-
ering of serum cholesterol levels has occurred with
dietary supplements of pectin, lignin, and various gums
(23-29). In a variety of animals, a hypocholesterolemic
effect has been reported in some but not all with the
feeding of oats, wheat straw, rice bran, soy bran, alfalfa,
and various mucilaginous materials (30-34).

In view of these divergent reports and the absence
of sterol balance studies in this important area of human
nutrition, we designed a controlled metabolic investi-
gation to evaluate the effects of the addition of dietary
fibers from diverse sources upon plasma lipids and lip-
oproteins, cholesterol absorption, total intestinal transit
time, stool bulk, and the fecal excretion of choles-
terol and bile acids. Wewished, furthermore, to meas-
ure any interaction of dietary cholesterol and fiber, so
that our subjects received both high and low choles-
terol diets with and without the large amounts of fiber
in the diet. We hoped to provide information, then,
about the metabolic effects of fiber in humans, espe-
cially in view of its possible public health importance.

METHODS
Eight adult volunteer subjects were hospitalized on a meta-
bolic ward for the entire study. They ranged in age from 19-67
yr and in body weight from 45 to 68 kg, and had a range of
plasma cholesterol levels from 167 to 317 mg/dl (Table I).

TABLE I
Description of the Experimental Subjects

Sub- Choles- Tn-
ject Age Sex Weight Height terol glyceride Diagnosis*

yr kg cm mg/dl mg/dl

1 67 F 45 152 315 119 Ila
2 19 F 60 164 167 51 Normal
3 23 M 76 185 251 367 IIb
4 26 M 56 159 199 63 Normal
5 32 M 67 185 173 91 Normal
6 29 M 67 174 189 111 CTXt
7 67 F 67 163 227 194 lIb
8 66 M 68 172 236 138 IIa

* Lipoprotein phenotypes hIa and IIb are based upon
classification in 1970 by the World Health Organization
(Bull. W.H.O. 43: 891.).
t CTX = Cerebrotendinous xanthomatosis.

None were obese and all were either normal or in good health
during the course of the study. Informed consent was obtained
from all subjects and from the responsible guardians for sub-
jects 1 and 6.

The dietary protocol consisted of four eucaloric formula
diets, each administered over a 4-wk period (Table II). Sub-
jects 1 through 6 received a cholesterol-free formula diet with-
out and with added fiber. Subjects 1, 2, and 5-8 received a
1,000-mg cholesterol formula without and with added fiber.
40% of calories were derived from fat and 15% from protein.
The saturation of the fat was held constant (Iodine no. 80-85,
P/S = 0.8). The plant sterol content varied from 166 to 383 mg/
day and was held constant for each subject during each dietary
period. Fiber was incorporated into the diet in the form of muf-
fins. Each subject consumed nine muffins/day, except subject
1 who had reduced caloric requirement and who consumed
only seven muffins/day. The sources of fiber in the diet were
purified corn pericarp fiber (CPC International, Inc., Argo, Ill),
soybean hulls (Archer Daniels Midland Co., Decatur, Ill.),
wheat bran (Kellogg's All Bran, Kellogg, Battle Creek, Mich.),
hydroxyethylcellulose (Union Carbide Corp., NewYork), and
pectin, n.f. (Sunkist Growers, Inc., Sherman Oaks, Calif.). This
combination provided a daily intake of 16.2 g of crude fiber
(35). The wet and dry ingredients of the muffins were mixed
separately, blended together, and baked. The muffins were
analyzed by the detergent method of Van Soest and Wine
(36-38) which provides the amounts of both neutral deter-
gent fiber (plant cell wall) and acid detergent fiber (cellulose
and lignin). Lignin was precipitated from the acid detergent
fiber with permanganate, and hemicellulose is expressed as
the calculated difference between neutral detergent fiber and
acid detergent fiber. The plant cell wall content of the diet
was found to be 60 g/day, consisting of 39 g of hemicellulose,
14 g cellulose, 5 g lignin, and 2 g pectin (Table III).

Twice weekly, for the duration of the study, fasting blood
samples were drawn into tubes containing disodium EDTA,
1 mg/dl. Plasma was analyzed for cholesterol and triglyceride
content with the AutoAnalyzer II (Technicon Instruments
Corp., Tarrytown, N. Y.) (39). Lipoproteins were separated
according to the method of Havel et al. (40) in a Beckman
L3-40 ultracentrifuge (Beckman Instruments, Inc., Fullerton,
Calif.) and cholesterol and triglyceride analyses were deter-
mined on the d < 1.006 supernate (VLDL), and the infranate
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TABLE II
Composition of the Formulas for the Different Dietary Periods*t

Source of fat
Fatty acids

Whole Vegetable
Choles- egg oil Iodine Satu- Monounsat- Polyunsat-

Period Subjects terol yolk mixture§ value rated urated urated

mg g

I Cholesterol-free, fiber-free 1,2,3,4,5,6 <50 0 111 81 47.5 21.3 31.2
II Cholesterol-free, high-fiber 1,2,3,4,5,6 <50 0 112 83 47.0 22.3 30.7
III High-cholesterol, fiber-free 1,2,5,6,7,8 1,000 28 83 83 48.0 22.2 29.8

IV High-cholesterol, high-fiber 1,2,5,6,7,8 1,000 28 83 82 46.9 21.8 31.3

* These representative formulas are calculated for a daily intake of 2,500 Calories.
t Vitamins and minerals added to meet Recommended Dietary Allowance and remained constant throughout the study.
§ Combination of peanut oil and cocoa butter, typically 80% and 20% for Periods I and II, and 58% and 16% for Periods
III and IV.

TABLE III
The Precise Fiber Content of the High Fiber Muffin

Constituents by the Detergent Analysis Method

Neutral
Dry detergent Hemi- Cellu-

Ingredient weight fiber cellulose lose Lignin

gIday

Corn kernel fiber 8.6 7.9 6.1 1.7 0.1
Soybean hulls 11.0 7.6 2.0 5.2 0.4
"All Bran" 72.1 22.9 16.7 4.5 1.8
Hydroxyethyl

cellulose 3.8
Enriched flour 84.9 3.1 3.1
Citrus pectin 1.8

Total 182.2 41.5 27.9 15.2 2.3

before and after precipitation with heparin and manganese
chloride (LDL and HDL).1

Complete daily stools were collected for the duration of the
study and frozen until time of analysis. Stools were thawed
and separated into 7-day pools. An equal amount of water
was added to each 7-day pool sample and the stools were
homogenized with a paint can shaker. A weighed aliquot
was extracted and saponified, as modified in our laboratory
(41).- Neutral steroids and bile acids were separated by thin
layer chromatography according to the methods of Miettinen
et al. (42) and Grundy et al. (43) as modified (41). Trimethyl-
silyl derivatives of fecal steroids were quantitated with a Hew-
lett-Packard 7610 Gas Chromatograph (Hewlett-Packard Co.,
Avondale Div., Avondale, Pa.) fitted with a flame ionization
detector and utilizing a Y4 inch-i x 6-ft glass column packed
with diatoport-S 80/100 coated with 3.8% SE-30. Oven tem-
perature was 230°C and carrier gas flow set at 50 ml/min. The
recovery of ingested ,3-sitosterol was utilized for assessment

I Abbreviations used in this paper: HDL, high density
lipoprotein; LDL, low density lipoprotein; VLDL, very low
density lipoprotein.

of bacterial degradation and 5-a-cholestane was used for an
analytical internal standard. An additional aliquot of each 7-
day pool homogenate was dried under vacuum to 60°C to de-
termine moisture content and stool dry weight.

Total intestinal transit time was measured in each subject
two-four times during each dietary period. This was done
by administering 40 radiopaque marker pellets (Portex, Wil-
mington, Mass.) and counting the pellets in the stool as visual-
ized by X ray. The time at which 80% of the pellets were
passed into the stool was taken to be transit time as described
in the method originally described by Hinton et al. (44).

The absorption of dietary cholesterol was measured twice in
subjects 1, 2, and 5-8 while consuming the 1,000-mg choles-
terol formula. Each subject was fed a single radioactive meal
containing 10 ,uCi [1, 2-3H]cholesterol and 2.5 ,uCi [4-14C],8-
sitosterol (New England Nuclear, Boston, Mass.) along with
two capsules of inert stool marker, brilliant cresyl blue. The
recovery of unabsorbed dietary cholesterol in the stool over
the next 7 days was measured according to Method One of
Quintao et al. (45) as modified by our laboratory (46).

With each subject acting as his own control, statistical com-
parisons were made by utilizing the Student's paired t analy-
sis. A P value <0.05 was considered to be a significant differ-
ence (47).

RESULTS

Subject acceptance of the diet and weight changes.
All eight subjects enrolled in the study tolerated the
experimental diets satisfactorily. The mean frequency
of bowel movements was increased from 9 to 1 I/wk and
no intestinal discomfort or diarrhea was experienced.
Caloric balance was maintained and no changes in
body weight occurred from the beginning to the end
of the study.

Plasma lipids and lipoproteins. A 10-31% reduc-
tion (20.7±3.3%, SEM) in plasma cholesterol concen-
tration occurred when subjects 1-6 were given the
cholesterol-free formula diet in place of the usual
American diet (Table IV). The addition of fiber to the
cholesterol-free diet failed to decrease the plasma cho-
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TABLE IV
Plasma Cholesterol and Triglyceride Concentrations during the

Four Dietary Periods (mgldl)

Plasma cholesterol Plasma triglyceride

Cholesterol- Cholesterol- Cholesterol- Cholesterol-
free, free, free, free,

Subject fiber-free 60 g fiber fiber-free 60 g fiber

1 274 252 82 66
2 150 138 47 46
3 174 168 296 224
4 147 153 54 62
5 129 148 68 95
6 153 144 72 66

Mean+SEM 171+21 167±18 103±39 93±27
Percent change -2% - 10%
P value >0.5 <0.5

1,000 mg 1,000 mg 1,000 mg 1,000 mg
cholesterol, cholesterol, cholesterol, cholesterol,

Subject fiber-free 60 g fiber fiber-free 60 g fiber

1 356 388 70 62
2 179 153 56 50
5 199 162 94 93
6 193 176 73 63
7 230 222 176 116
8 242 241 144 111

Mean±SEM 233±26 224±36 102±19 83±11
Percent change -4% - 19%
P value <0.4 <0.1

Each individual value represents the mean of the last four determinations
during each dietary period.

lesterol concentration further (171 to 167 mg/dl). The
plasma triglyceride concentration of the group was

similarly unaffected by dietary fiber. However, subject
3 with marked hypertriglyceridemia and type II-b

phenotype had a 24% reduction in plasma triglyceride
with the addition of fiber to the cholesterol-free diet.

The distribution of cholesterol and triglycerides in
very low density lipoprotein (VLDL), low density lipo-

TABLE V
The Effects of Dietary Fiber upon the Plasma Lipoproteins of All Subjects

VLDL LDL HDL

Cholesterol Triglyceride Cholesterol Triglyceride Cholesterol Triglyceride

mg/dl

Cholesterol-free diet
Fiber-free 13.2+7.1* 82.6±46.6 114.6+26.1 21.2+±3 49.4+5.4 7.4+±2.2
High-fiber 13.2+5.5 68.6+31.7 103.6+20.1 22.3+2.9 50.4+5.1 6.2±0.9
P value >0.5 >0.4 >0.2 >0.4 >0.5 >0.5

1,000 mg cholesterol diet
Fiber-free 14±3.9 66.7±17.8 159±22.6 27.2±4.8 57.3±5.2 8.3+1.9
High-fiber 9.8±2.2 44.8±9.3 158.5±86 25.8±3.7 58.7±5.4 6.7±1.0
P value >0.05 >0.05 >0.5 >0.2 >0.5 >0.4

* Values given are mean±SEM.

1432 T. Raymond, W. Connor, D. Lin, S. Warner, M. Fry, and S. Connor



TABLE VI
Plasma Lipid Levels in the Four Subjects WhoConsumed All Four Diets*

VLDL LDL HDL
Dietary period Cholesterol cholesterol cholesterol cholesterol Triglyceride

Fiber, 60 g
Cholesterol-free 171±+27t 8+2 105+26 55+3 68±+10
Cholesterol, 1,000 mg 220+56 7±+1 156+55 61±+5 67+9
Percent change +22% -13% +33% +10% +1.5%
P value >0.1 >0.4 >0.1 >0.2 >0.5

Fiber-free
Cholesterol-free 177+33 6+2 119+33 54+4 67+7
Cholesterol, 1,000 mg 232+42 8+2 160±34 62±5 73±8
Percent change +24% +25% +26% +13% +8%
P value <0.025 >0.4 <0.05 >0.4 >0.5

* Subjects 1, 2, 5, and 6.
4 Mean±SEM.

protein (LDL), and high density lipoprotein (HDL) did
not change when fiber was added to the cholesterol-
free diet (Table V). The marked reduction of plasma
triglyceride in subject 3 was confined to the VLDL
fraction (268 to 191 mg/dl) and was not accompanied by
similar changes in the other subjects.

The feeding of 1,000 mg cholesterol (equivalent to
four whole egg yolks) in the second phase of the study
increased the plasma cholesterol concentrations (177 to
232 mg/dl, P < 0.025) in subjects 1, 2, 5, and 6 (Table
VI). The addition of fiber to this diet did not change
either the plasma lipids or lipoproteins consistently
(Table IV). The elevation in plasma cholesterol with
feeding of 1,000 mg cholesterol/day to subjects 1, 2, 5,
and 6 was primarily in the LDL fraction (119 to 160
mg/dl, P < 0.05) with a slight increase in HDLcholes-
terol concentration. This distribution pattern remained
unchanged when fiber was added to the diet.

By utilizing the plasma lipid values for all eight sub-
jects from all dietary periods, a two-way analysis of vari-
ance with a randomized block design was performed
to test the effects of dietary cholesterol and dietary
fiber as well as their interaction upon plasma lipids.
Under this condition of analysis, dietary cholesterol
had a highly significant effect (P < 0.001) upon the
plasma cholesterol level. No effect occurred for dietary
fiber or for the interaction of cholesterol and fiber. Simi-
lar analyses for plasma triglyceride showed no effect of
cholesterol, fiber, or their interaction.

Intestinal transit time and stool output. The in-
testinal transit time was measured two-four times in
each subject during each of the four dietary periods.
The variation between tests on the same diet was often
several hours, with an average coefficient of variation
of 33%. The addition of fiber to the cholesterol-free
formula invariably and uniformly produced a great de-
crease in transit times of all subjects (59 to 35 h, P

< 0.025) (Table VII). Similar findings occurred when
fiber was incorporated into the 1,000-mg cholesterol
diet (66 to 46 h, P < 0.05). Both the wet weight and dry
weight of the stool were significantly increased when
fiber was incorporated in both the cholesterol-free and
1,000-mg cholesterol diets.

The absorption of dietary cholesterol. The absorp-
tion of dietary cholesterol was measured in subjects 1,
2, and 5-8 during the 4th wk of both the 1,000-mg
cholesterol, fiber-free diet and L,OO-mg cholesterol
diet with fiber. These results are presented in Table
VIII. Cholesterol absorption was similar and consistent
without (44.0%) and with fiber (42.9%). These values
are exactly within the range previously reported from
our laboratory for cholesterol absorption in man (46).
In our laboratory, repeated tests on two subjects have
shown a coefficient of variation of 4.75% for this
methodology.

Fecal steroid excretion. Complete stool collections
were made by each subject throughout the study and

TABLE VII
The Stool Weights and Intestinal Transit Times in Subjects

Fed Fiber-Free and High-Fiber Diets

Stool wet Stool dry Transit
Diet weight weight time

glwk h
Cholesterol-free

Fiber-free 1,236+279* 225+13 59+9
60 g fiber 1,677+245 376+63 35+8
P value <0.025 <0.001 <0.025

Cholesterol, 1,000 mg
Fiber-free 1,343±285 154+13 66+11
60 g fiber 2,005+149 464+25 46+9
P value <0.001 <0.001 <0.05

* Mean+SEM.
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TABLE VIII
Absorption of Dietary Cholesterol as Measured with

a Single Radioactive Meal

Dietary period

1,000 mg cholesterol, 1,000 mgcholesterol,
Subject fiber-free 60 g fiber

1 46.6 41.7
2 37.7 38.2
5 34.3 40.7
6 48.6 48.6
7 56.3 43.4
8 40.3 38.7

Mean+SEM 44.0±3.3 42.9±2.5
P value NS

analyzed as 7-day pools (Table IX). Fecal neutral ster-
oids were quantitated as cholesterol and its bacterial
metabolites. The values given have been corrected for
loss of ingested 6-sitosterol (46).

During the cholesterol-free, fiber-free period, the
mean neutral steroid excretion in subjects 1-6 was 505
mg/day and the mean bile acid output was 194 mg/day.
With the addition of fiber to the cholesterol-free diet,

the neutral sterol excretion increased to 636 mg/day and
bile acids increased to 266 mg/day, but neither of these
increases was significant. However, the total fecal ster-
oid excretion increased significantly (P < 0.025) from
699 to 902 mg/day.

The fecal steroid excretion in the subjects fed the
1,000-mg cholesterol diet is also presented in Table IX.
Both total and endogenous neutral steroid data are
listed. The endogenous steroid excretion data are com-
parable to the data of the group fed the cholesterol-free
diet. Since cholesterol was present in the diet, correc-
tion was made for unabsorbed dietary cholesterol ex-
creted in the stool (42). During the 1,000-mg choles-
terol, fiber-free diet, the mean endogenous neutral ster-
oid excretion was 618 mg/day and the fecal bile acid
output was 423 mg/day. The total endogenous fecal
steroid excretion equalled 1,041 mg/day. With the addi-
tion of fiber to the 1,000-mg cholesterol diet, both neu-
tral steroid and bile acid excretion fell slightly to 571
and 401 mg/day, respectively. Total endogenous fecal
steroid excretion was 972 mg/day. These decremental
changes were not statistically significant.

DISCUSSION
In this metabolic balance study, a large quantity of die-
tary fiber from a variety of sources was added to both

TABLE IX
The Effects of Dietary Fiber upon Fecal Steroid Excretion in Man

Total Total Total Endogenous Total
Sub- neutral Bile fecal Sub- neutral neutral Bile endogenous

Dietary period ject steroids*t acids* steroids Dietary period ject steroids steroids§ acids fecal steroids

mg/day mg/day mg/day mg/day mg/day mg/day mg/day

Cholesterol- 1 561 148 709 1,000 mg 1 1,107 539 181 720
free, 2 481 225 706 cholesterol, 2 1,186 648 212 860
fiber-free 3 481 245 726 fiber-free 5 1,014 302 254 556

4 379 187 566 6 1,398 796 280 1,076
5 456 249 705 7 1,468 881 856 1,737
6 673 108 781 8 958 541 753 1,294

Mean 505±41" 194±23 699±29 Mean 1,189+84 618±84 423+122 1,041+175

Cholesterol- 1 646 135 781 1,000 mg 1 1,037 531 196 727
free, 2 921 186 1,107 cholesterol, 2 1,087 463 250 713
60 g fiber 3 632 429 1,061 60 g fiber 5 1,053 469 494 963

4 374 329 703 6 1,288 720 183 903
5 525 333 858 7 1,367 786 662 1,448
6 717 182 899 8 1,078 455 622 1,077

Mean 656+75 266+47 902±64 Mean 1,152+57 571±59 401±89 972±111

P values NS NS P <0.025 NS NS NS NS
(fiber-free
vs. fiber)

* Each value represents the average of the last 2 wk of each dietary period.
t Each value has been corrected for recovery of 3-sitosterol.
§ Endogenous neutral steroid excretion = total neutral steroids - unabsorbed dietary cholesterol.
"Mean+SEM.
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cholesterol-free and 1,000-mg cholesterol diets fed to
human subjects. While the plasma cholesterol concen-
trations readily responded to the changes in dietary
cholesterol, the addition of fiber to either of these diets
did not affect the basal plasma cholesterol levels.
Plasma triglyceride concentrations were similarly unaf-
fected. Moreover, the distribution of cholesterol and
triglyceride between the lipoproteins was also un-
changed with fiber. The amounts of dietary fiber uti-
lized in these studies were roughly equivalent to
amounts which human beings would reasonably eat
and which certain populations other than our own are
now consuming (16 g of crude fiber/day).

The sterol balance was not greatly affected by dietary
fiber. There were slight increases in both neutral sterol
and bile acid output in the cholesterol-free experiment.
Only when these increases were combined was statisti-
cal significance achieved for total fecal sterol excretion.
This could represent increased cholesterol biosynthe-
sis or increased excretion of steroid from the body.
Since in the other phase of the study the total fecal
sterol excretion did not change, the physiological
significance of the statistical increase of total fecal
steroid excretion with the addition of 60 g of fiber to
the cholesterol-free diet remains unclear.

With regard to the high cholesterol diet, both endog-
enous neutral steroids and bile acids decreased
slightly, albeit not significantly, during the fiber-free
period. The total decrease did not attain significance
for total fecal steroid excretion. Neutral steroid excre-
tion was reduced slightly when fiber was added to the
1,000-mg cholesterol diet. Fecal bile acid excretion was
increased (194 to 423 mg/day, P < 0.1) when compared
to the group fed no cholesterol. This most likely re-
sulted from the increased plasma pool of cholesterol
substrate occurring from the high cholesterol diet. All
these results indicate that the bile acid binding capacity
of these fibers in vitro as shown by others (48, 49) is
probably not of a sufficient order of magnitude to pro-
duce increases in fecal bile acid excretion.

The absorption of dietary cholesterol during the final
week of the 1,000-mg cholesterol fiber-free diet was
43%. This value is within the range previously re-
ported by us for normal and hypercholesterolemic indi-
viduals (46). Absorption of dietary cholesterol was un-
changed when fiber was added to the diet, and there-
fore cannot account for the slight decrease in neutral
steroid excretion when this group of subjects was fed
the high cholesterol, 60-g fiber diet.

Proof that the dietary fiber fed had a biological effect
was indicated by the great decrease in total intestinal
transit time and the significant increase in both the wet
and dry weight of the stools when fiber was added to
both cholesterol-free and 1,000-mg cholesterol diets.
These findings are in agreement with the reports of

others (50-54) but these manifest changes failed to
alter the ability of the intestinal tract to absorb dietary
cholesterol or enhance its excretion in the stool.

Several investigators have reported the inability of
wheat bran fiber to affect plasma lipid levels. Heaton
and Pomare reported a significant reduction in plasma
triglyceride concentration in fourteen volunteers con-
suming 18-100 g of wheat bran per day (17). There
were no changes in plasma cholesterol concentrations.
Other sources of dietary fiber have been shown to be
effective in lowering plasma lipid levels in both man
and animals (23-29). Keys and co-workers demon-
strated that legumes and citrus pectin lowered plasma
cholesterol levels in man (28, 55). In recent reports,
reduced plasma cholesterol levels have been demon-
strated when volunteer subjects were fed 36 g of guar
gum (23) or 15-36 g of pectin (56). These amounts were
far above the amount of pectin utilized in our investiga-
tion and are equivalent to the ingestion of several dozen
apples or oranges per day, an amount which cannot
practically be incorporated in the current American
diet.

The effects of dietary cholesterol upon the plasma
lipids have been well documented in the past (57-60)
but have recently been questioned (61). In this study,
dietary cholesterol was tested in two ways, when it was
removed from the diet as the subjects entered the study
having previously been consuming the typical high
cholesterol, high fat American diet. Secondly, 1,000 mg
of cholesterol was added to both fiber-free and high
fiber periods. The plasma cholesterol concentration in-
creased 49 and 55 mg/dl, respectively (28.5 and 32.5%
increase over the base-line cholesterol-free diets. Most
of this increase occurred in LDL). This evidence fur-
ther substantiated the powerful effects of dietary cho-
lesterol upon the plasma cholesterol and LDL levels.

Although addition of dietary fiber failed to alter
plasma lipid levels despite significant changes in stool
transit time and stool weights, high fiber diets as de-
scribed among various tribes and religious groups may
conceivably be beneficial in the treatment and preven-
tion of hyperlipidemia because natural high fiber diets
frequently have other associated hypolipidemic char-
acteristics. The rural African tribesman who naturally
consumes a high fiber diet also consumes a diet which
is low in cholesterol and saturated fat, low in total fat,
low in meat, low in refined carbohydrate, high in bulk,
and low in caloric density. Studies reported in Seventh
Day Adventists (62) and collectives of vegetarian sub-
jects (63) demonstrate lower plasma cholesterol levels
than their meat-eating counterparts. Connor et al. (13)
have reported low levels of plasma cholesterol (123 mg/
dl) in adult Tarahumara Indians compared with the
average resident of the U. S. The Tarahumara Indians
consume a high fiber diet (19 g crude fiber/day), but a
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diet that contains little meat and only 20% fat as com-
pared to 40-45% fat in the typical American diet. Cho-
lesterol intake has been calculated to be 71 mg/day
as compared to 600-800 mg/day for the average Ameri-
can.

In our experiments we wanted to use various dietary
fibers as they might occur in the natural diet of man.
Wetried not to use fiber as a drug, but incorporated into
the diet as muffins. The amounts of cellulose, pectin,
corn, bean, and wheat fibers are amounts that human
beings have actually been observed to consume. Our
own data in the Tarahumara Indians suggests that
something on the order of 60 g of fiber, largely from
corn and beans, but some from cellulose and pectin, are
consumed daily by the Tarahumaras. Our stool weight
and transit times during the high fiber period, further-
more, compared favorably with the Tarahumaras.

While dietary fiber probably does not play a role in
the low plasma levels found in vegetarians and more
primitive populations, fiber alone is probably largely
responsible for the increased stool bulk, decreased
transit time, and therefore possibly related to the
lowered incidence of certain gastrointestinal disorders
noted in the African tribesman (2, 3). To better evaluate
the role of dietary fiber in these populations with low
plasma lipid levels, studies of lipid and sterol metabo-
lism need to be conducted with diets where fiber is high,
but as a natural ingredient of a diet representative of
the low-meat, low-cholesterol diet of these people. Our
studies indicate that the simple addition of these fibers
to any diet will not have any significant effects upon
lipid metabolism in man.
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