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OBJECTIVE — Cohort studies indicate that cereal fiber reduces the risk of diabetes and
coronary heart disease (CHD). Therefore, we assessed the effect of wheat bran on glycemic
control and CHD risk factors in type 2 diabetes.

RESEARCH DESIGN AND METHODS — A total of 23 subjects with type 2 diabetes
(16 men and 7 postmenopausal women) completed two 3-month phases of a randomized
crossover study. In the test phase, bread and breakfast cereals were provided as products high in
cereal fiber (19 g/day additional cereal fiber). In the control phase, supplements were low in fiber
(4 g/day additional cereal fiber).

RESULTS — Between the test and control treatments, no differences were seen in body
weight, fasting blood glucose, HbA1c, serum lipids, apolipoproteins, blood pressure, serum uric
acid, clotting factors, homocysteine, C-reactive protein, magnesium, calcium, iron, or ferritin.
LDL oxidation in the test phase was higher than that seen in the control phase (12.1 � 5.4%, P �
0.034). Of the subjects originally recruited, more dropped out of the study for health and food
preference reasons from the control phase (16 subjects) than the test phase (11 subjects).

CONCLUSIONS — High-fiber cereal foods did not improve conventional markers of glyce-
mic control or risk factors for CHD in type 2 diabetes over 3 months. Possibly longer studies are
required to demonstrate the benefits of cereal fiber. Alternatively, cereal fiber in the diet may be
a marker for another component of whole grains that imparts health advantages or a healthy
lifestyle.
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There is much interest in the possible
health benefits of fiber-containing
cereals (1–3). The exact component

or facet of fiber that is responsible has not
been clearly defined, and there are indi-
cations that the whole grain confers met-
abolic benefits (4) and reduces the risk of
chronic disease (1,5,6). The results of
large cohort studies have suggested that
wheat fiber protects against the develop-
ment of diabetes (1–3). Many diabetes as-
sociations advise increased fiber intake,
either to improve glycemic control (7) or
to confer general health benefits (8). In-
creases in fiber from a variety of dietary
sources have been shown to improve gly-
cemic control in type 2 diabetes (9). Early
studies suggested that cereal fiber im-
proved both glycemic control in diabetes
(10) and glucose tolerance in nondiabetic
subjects (11). The reason for the benefi-
cial effects of nonviscous cereal fiber is not
clear. Cereal fibers do not reduce the rate
of gastric emptying and small intestinal
absorption or flatten the postprandial gly-
cemic response to a high-carbohydrate
test meal (12). In contrast, viscous fibers
such as guar and pectin have been shown
to reduce the rate of gastric emptying (13)
and small intestinal absorption (14),
thereby providing a mechanism for po-
tential benefits. These fibers have been
shown to reduce postprandial glycemia
when added to test meals. They also de-
crease 24-h urinary glucose losses when
added to the diets of subjects with type 2
diabetes (15).

Furthermore, it is wheat fiber, rather
than viscous fiber, that for more than two
decades has been shown consistently in
cohort studies to be associated with a re-
duced risk of heart disease (5,6,16,17).
These effects are seen despite the fact that
viscous fibers from oats, barley, psyllium,
pectins, and guar gum have been shown
to lower serum cholesterol and improve
the blood lipid profile, whereas the insol-
uble fibers were largely without effect
(18,19).

In view of the apparent benefits of ce-
real fiber in preventing diabetes and car-
diovascular disease and the lack of an
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obvious mechanism in acute or short-
term studies, we tested the effect of high–
wheat bran breakfast cereals and breads
in studies of 3 months’ duration. The
study was designed to assess the effect of
increased wheat fiber consumption rather
than a dietary change to whole grain ce-
real products. We assessed not only gly-
cemic control and conventional risk
factors for coronary heart disease (CHD)
but also nonlipid risk factors, homocys-
teine, and inflammatory biomarkers,
which have not previously been mea-
sured in studies of fiber and diabetes.

RESEARCH DESIGN AND
METHODS

Protocol
Subjects with type 2 diabetes undertook
two phases of 3-month supplementation
with either high or low cereal fiber in a
randomized crossover study design with a
washout period of �2 months between
phases. In one phase (test), subjects were
provided with high-fiber breakfast cereals
and bread, which provided an average of
19 g cereal fiber per day, and in the con-
trol phase, the supplements were low fi-
ber (4 g fiber per day). Both supplements
supplied �24% of daily energy require-
ments. Fasting body weight and blood
pressure were measured, and blood sam-
ples were collected before the start of each
phase and at weeks 2, 4, 8, 10, and 12.
Seven-day weighed food records were
also obtained before the start of each
phase and at week 12; three-day food
records were collected during weeks 2, 4,
8, and 10 to assist in counseling subjects
on weight maintenance to ensure that no
changes in body weight occurred.

Subjects
A total of 67 subjects with type 2 diabetes
were recruited by newspaper advertise-
ments and from patients attending St. Mi-
chael’s Hospital and the Clinical Nutrition
and Risk Factor Modification Center.
Subjects were accepted if they were
treated with diet or diet and oral hypogly-
cemic agents and if BMI was �32 kg/m2.
Subjects had no clinical evidence of sig-
nificant autonomic neuropathy, gastropa-
resis, and were without clinical or
biochemical evidence of significant renal
or hepatic disease.

Two patients withdrew before ran-
domization after the nature of the study

was explained to them. An additional 15
subjects withdrew after randomization
but before beginning the first phase (5
subjects withdrew before the control
phase and 10 subjects withdrew before
the wheat bran phase). An additional 21
subjects dropped out of the study during
(14 subjects) or after (7 subjects) the first
phase; 13 of these subjects were in the
control phase and 8 subjects were in the
bran phase. During the second phase, six
more subjects withdrew from the study
(three in the control phase and three in
the wheat bran phase). Of the 16 subjects
who dropped out during a control phase
or in the washout following the first con-
trol, 8 subjects failed to complete the
study for unrelated health reasons, 2 sub-
jects withdrew because of poor compli-
ance, and 1 subject dropped out because
of poor glycemic control. The reasons for
withdrawal from the study for the 11 sub-
jects who dropped out during the test
phase were health reasons (1 subject),
supplement-related diarrhea (1 subject),
poor glycemic control (3 subjects), and
dislike of the supplements (1 subject).
The remainder of subjects from both
treatments withdrew for work-related
reasons (four subjects), unplanned vaca-
tions (two subjects), loss of interest (one
subject), change in medication (one sub-
ject), and personal reasons (two subjects).
In 12 of the dropouts who provided 8- to
12-week samples during one phase,
HbA1c was also assessed.

A total of 23 subjects with type 2 di-
abetes (16 men and 7 postmenopausal
women) aged 63 � 1 years (mean BMI
26.7 � 1.1 kg/m2) completed the study.
In 16 subjects, diabetes had been diag-
nosed �3 years ago, and in 7 subjects,
diabetes had been diagnosed 1–3 years
ago. These subjects were treated either
with diet alone (4 subjects) or with diet
and oral agents (19 subjects). Of the sub-
jects taking oral hypoglycemic agents, 7
were taking sulfonylureas alone, 2 were
on biguanides alone, and 10 were taking
both sulfonylureas and biguanides. A to-
tal of 10 men and 5 women were taking
one or more medications for hyperten-
sion (�-blocking agents in 4 subjects,
ACE inhibitors in 11 subjects, and cal-
cium channel blockers in 2 subjects).
Three women were on hormone replace-
ment therapy. Eight men and two women
were taking cholesterol-lowering medica-
tions (statins in six men and two women,
fibrates in two men). All medications

were held constant throughout the course
of the study and subjects were instructed
to maintain the same level of physical ac-
tivity throughout the study.

Diets
Throughout the study period, subjects
followed their habitual therapeutic diets.
They had been previously instructed, as
part of their routine care, to follow diets
that conformed to National Cholesterol
Education Program (NCEP) guidelines
(20) (Table 1). Subjects who had not been
instructed previously were instructed be-
fore the start of the study by the research
staff. Of the 23 subjects, 7 were following
saturated fat guidelines for NCEP Step II
diets (�7% saturated fat calories) and 12
subjects were following saturated fat
guidelines for NCEP Step I diets (�10%
saturated fat calories), with advice to in-
crease fiber intake as part of their regular
clinical management strategy (7). A total
of 14 subjects (61%) routinely used high-
fiber cereal products rather than their
white flour equivalents (in breads, break-
fast cereals, muffins, etc.) before the
study. On the study, at 2-week intervals
in the control phase, subjects were pro-
vided with white bread and a low-fiber
breakfast cereal, equivalent to �24% of
their total caloric intake based on their
7-day food records, to act as their sole
source of bread and breakfast cereal dur-
ing the 3-month period. The macronutri-
ent profile of the control supplement was
4.2% energy as fat, 18.4% protein, and
77.5% available carbohydrate, with 4 g
dietary fiber per day. On the test or cereal
fiber phase, high wheat bran bread and
breakfast cereal were provided at the
same caloric intake as in the control
phase, with 5.9% energy as fat, 18.8%
protein, and 75.4% available carbohy-
drate, with 19 g dietary fiber per day. For
11 of the 23 subjects, the wheat bran
added to the high-fiber bread was ground
ultra-fine (mean particle size �70 �m)
compared with the conventional wheat
bran (mean particle size �750 �m) pro-
vided to the remaining 12 subjects. All
breads were specially prepared by Natural
Temptations Bakery (Burlington, On-
tario, Canada). Because no difference was
seen in glycemic control, blood lipid
level, or blood pressure dependent on fi-
ber particle size, data from both fine and
coarse wheat bran phases were combined
and the mean high-fiber diet results were
used in all analyses. It must be noted that
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the focus of this study was the addition of
wheat bran to the diet and not the provi-
sion of whole grain (i.e., whole meal) ce-
real products. Although the test and
control breakfast cereals and breads were
similar in appearance, they were signifi-
cantly different in color and texture. The
subjects were therefore not blinded to
their treatment. However, the investiga-
tors interviewing the patients on a regular
basis were unaware of the treatment.

Compliance was assessed by the sub-
jects’ diet histories and by return of un-
eaten supplements, which were weighed
and recorded.

Analysis
Fasting plasma containing fluorocitrate
was stored at �70°C and analyzed for
glucose by a glucose oxidase technique
using a YSI analyzer (YSI 2300; Yellow

Springs Instruments, Yellow Springs,
OH). HbA1c was measured using a fresh
whole-blood sample collected in Vacu-
tainer tubes containing EDTA by ion-
exchange high-performance liquid
chromatography technique (TOSHO
Medics, Forest City, CA). Serum lipids
were analyzed according to the Lipid Re-
search Clinics Protocol for total choles-
terol, triglycerides, and HDL cholesterol,
after dextran sulfate magnesium chloride
precipitation (CH1000; Technicon, Tar-
rytown, NY). LDL cholesterol was calcu-
lated using the Friedewald equation.
Serum apolipoproteins A-I and B were
measured by nephelometry. Oxidized
LDL was measured as conjugated dienes
in LDL fatty acids. Details of the measure-
ment of serum lipid, lipoprotein, apoli-
poprotein, and oxidized LDL levels have
been described elsewhere (21).

Serum stored at �70°C was also ana-
lyzed for C-reactive protein by end-point
nephelometry (Behring BN-100, N high-
sensitivity C-reactive protein reagent;
Dade-Behring, Mississauga, ON), uric
acid (Ektachem analyzer; Eastman
Kodak, Rochester, NY), and the minerals
calcium, magnesium, sodium, and potas-
sium (Vitros 950; Ortho Clinical Diagnos-
tics, Rochester, NY). Serum iron level was
determined colorimetrically (at 560 nm
using a Beckman-Coulter Synchron LX20
analyzer; Beckman, Fullerton, CA) and
serum ferritin level was measured by
chemiluminescent immunometric assay
(using a DPC Immulite 2000 analyzer;
DPC, Los Angeles, CA). Plasma homocys-
teine level was measured by fluorescence
particle immunoassay (Abbott Imx; Ab-
bott Laboratories Diagnostics Division,
Mississauga, ON), and indexes of throm-
bosis were measured by commercial
ELISA assays for tissue plasminogen acti-
vator (TintElize; American Diagnostica,
Greenwich, CT), plasminogen activator
inhibitor-1 (IMUBIND Plasma PAI-1
ELISA; American Diagnostica, Green-
wich, CT), and urokinase antigen (22) on
citrated plasma stored at �70°C.

The supplements were analyzed for
macronutrients and fiber by Association
of Official Analytical Chemists (AOAC)
methods (23,24) and for minerals, iron,
calcium, magnesium, and potassium by
induction-coupled plasma (ICP) optical
emission spectrometry (Varian Vista-Pro
Spectrometer; Varian, Mississauga, On-
tario, Canada) with a charge-coupled de-
vice (CCD) Detector (Varian).

Dietary histories were assessed using
a computer program based on the U.S.
Department of Agriculture Data (25),
supplemented with data from foods ana-
lyzed in the laboratory. The percentage
figures for soluble and insoluble fiber
were derived from published data (26).

Statistical analysis
The results are expressed as means �
SEM. Absolute differences between treat-
ments were assessed by ANCOVA using
the General Linear Model (GLM) proce-
dure in SAS statistical software (SAS Insti-
tute, Cary, NC). The response variable
was the mean of weeks 8–12 (i.e., mea-
surements made in the last month of each
treatment phase). The statistical model
included diet, sex, and sequence as main
effects, the interaction term diet by sex, a
term representing the individual nested

Table 1—Calculated macronutrient intakes on the control and wheat-bran phases (n � 23)

Control (week 12) Wheat bran (week 12)

Energy
(MJ/day) 7.66 � 0.43 7.50 � 0.46
(kcal/day) (1,824.5 � 102.2) (1,785.8 � 110.0)

Total protein
(g/day) 93.8 � 5.6 94.1 � 5.9
(%) (21.0 � 0.9) (21.5 � 1.0)

Vegetable protein
(g/day) 30.1 � 2.5 36.8 � 2.2*
(%) (6.6 � 0.4) (8.5 � 0.5)

Available carbohydrate
(g/day) 239.2 � 14.2 234.7 � 14.5
(%) (52.6 � 1.3) (52.9 � 1.3)

Total dietary fiber
(g/day) 21.0 � 1.5 37.1 � 2.0*
(g/1,000 kcal) (11.7 � 0.7) (21.3 � 0.8)

Total fat
(g/day) 50.8 � 4.3 48.3 � 5.1
(%) (24.7 � 1.3) (23.9 � 1.2)

SFA
(g/day) 15.6 � 1.6 14.6 � 1.7
(%) (7.5 � 0.6) (7.1 � 0.5)

MUFA
(g/day) 19.2 � 1.7 18.0 � 2.2
(%) (9.3 � 0.6) (8.8 � 0.6)

PUFA
(g/day) 9.9 � 1.1 9.1 � 1.0
(%) (4.8 � 0.4) (4.5 � 0.4)

Dietary cholesterol (mg/day) 229.4 � 23.3 210.9 � 21.0
Alcohol

(g/day) 5.0 � 2.0 4.9 � 2.7
(%) (1.7 � 0.7) (1.7 � 0.9)

Data are means � SEM. % � percent of total energy. SFA, saturated fatty acids; MUFA, monounsaturated
fatty acids; PUFA, polyunsaturated fatty acids. *Significance of the treatment difference between high-fiber
and control phases (P � 0.05).

Wheat fiber and diabetes control
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within sex by sequence, and baseline as a
covariate for measurements with baseline
values (SAS/STAT User’s Guide, ed. 6.12;
SAS Institute). Student’s t test for paired
data (two-tailed) was used for end-of-
phase differences between treatments.
Cardiovascular risk was calculated using
systolic blood pressure and the total–to–
HDL cholesterol ratio was calculated using
the Framingham Cardiovascular Risk
Equation (27).

RESULTS — Compliance was good for
test and control supplements. Subjects
consumed 97 � 2 and 96 � 2% of the
total test and control supplements, re-
spectively, assessed as the percentage of
energy prescribed. The weight changes on
both control and cereal fiber supplements
were similar (control 0.0 � 0.1 kg, cereal
fiber 0.1 � 0.2 kg), and these changes
were not significantly different (P �
0.856).

No change was seen in mean blood
glucose or HbA1c level across either treat-
ment or between treatments (Fig. 1, Table
2). After inclusion in a parallel design of
the 12 dropout subjects with data on one
phase (6 on control phase and 6 on cereal
fiber), the lack of significant difference be-
tween control and cereal fiber treatments
remained (P � 0.293).

No treatment differences were seen in
blood lipid, lipoprotein, apolipoprotein,
C-reactive protein, homocysteine, or uric

acid concentrations. Similarly, there were
no treatment differences in serum ferritin
level and the minerals calcium, magne-
sium, sodium, or potassium (Table 2).
Indexes of thrombosis risk, tissue plas-
minogen activator, plasminogen activator
inhibitor-1, and urokinase were un-
affected by diet (Table 2). Blood pressure
was not different between treatments (Ta-
ble 2). Unexpectedly, total conjugated
dienes in the LDL fraction, as a marker of
LDL oxidation, was increased during the
wheat bran phase (Table 2).

No treatment differences were seen
between the sexes.

CONCLUSIONS — Whea t b r an
taken in supplements for 3 months, suffi-
cient to double fiber intake and in line
with many current recommendations
(28), did not seem to improve blood glu-
cose control or lipid and nonlipid risk fac-
tors for cardiovascular disease. Included
were clotting factors, homocysteine, C-
reactive protein, and proinflammatory
cytokines, which have not been measured
previously after wheat bran feeding.

Epidemiological studies have consis-
tently shown a beneficial effect of fiber,
especially wheat fiber, in reducing the risk
of diabetes (1–3) and cardiovascular dis-
ease (5,6,16,17), and a recent report indi-
cated that total dietary fiber intake was
associated with reduced CHD risk factors

in young people (29). The reports of ben-
efits for cereal fiber in reducing CHD risk
extend over 25 years to the studies of civil
servants by Morris et al. (16). Recent es-
timates have suggested a reduction in
CHD relative risk of 19% for every 10-g
increase in cereal fiber intake (17). This
estimate requires formal testing. To date,
the only large-scale (secondary preven-
tion) prospective study, the Diet and Re-
infarction Trial (DART), which increased
cereal fiber by 10–12 g/day in the diet,
failed to detect a cardiovascular benefit
(30). Nevertheless, there are data indicat-
ing that in some studies, wheat bran ad-
ministration improved blood lipid
profiles (31) and blood glucose control in
people with diabetes (7). Furthermore,
6-month wheat bran administration im-
proved glucose tolerance in nondiabetic
subjects (11). It is possible that medica-
tion use may have obscured the effect of
wheat bran on blood lipids and glucose
control. However, tight control of these
parameters, as now advocated, will in-
crease medication use in the future and,
therefore, the representativeness of our
study sample.

Bran is a source of magnesium and
has been shown to reduce iron bioavail-
ability and lower serum iron levels (32).
Lower serum iron or higher magnesium
concentrations may be factors tending to
reduce oxidative stress, which in turn
may improve carbohydrate tolerance
(33). Lower ferritin concentrations as a
marker of iron status have been associated
with reduced CHD risk (34), and regular
blood donors have been reported to be
protected from cardiovascular disease
(35). In the present study, the tendency of
ferritin levels to decrease was not suffi-
cient to alter serum iron concentrations,
and oxidized LDL concentrations were
unexpectedly higher after wheat bran
feeding. Prolonged wheat bran feeding
may be required to reduce serum ferritin
level and achieve a reduction in serum
iron level. In this respect, Brodribb and
Humphreys (11) saw an improvement in
glucose tolerance after feeding wheat bran
for 6 months, but serum iron and ferritin
levels were not measured.

Wheat bran is a rich source of potas-
sium, which has been recognized as con-
tributing to reduction of blood pressure
(36). Despite positive findings in some
previous studies, the increased potassium
intake from the bran supplements did not
reduce blood pressure. Similarly, no ef-

Figure 1—Plasma HbA1c levels across the control and wheat-bran treatment periods.
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fects on other risk factors for CHD were
seen, including clotting factors, homocys-
teine, and C-reactive protein.

Despite the lack of metabolic differ-
ences between high- and low-fiber cereal
products in this study, the dropout rate
was somewhat higher on the low-fiber
supplements than the high-fiber supple-
ments (n � 11). Interestingly, dislike of

the supplement accounted for dropout of
three subjects from the control phase but
only one subject from the test phase.

We conclude that addition of wheat
bran to foods did not seem to influence
glycemic control or risk factors for CHD
in subjects with type 2 diabetes. This
study does not address the reported ben-
efits of whole grain cereals, in which ad-

ditional factors such as the germ (37) or
larger particle size (38) may be indepen-
dent factors. Furthermore, high fiber in-
take from cereals other than wheat,
including oats, barley, and rye, may have
benefits related to the viscosity of their
fiber (18,19). However, in the short term,
no major change should be expected in
blood lipid levels and glycemic control

Table 2—The effects of high–wheat bran diets on body weight, blood pressure, and serum measurements in 23 diabetic subjects

Control phase Test phase
End treatment

difference

PWeek 0 Weeks 8–12 Week 0 Weeks 8–12 Absolute (%)

Body weight (kg) 74 � 3 74 � 3 74 � 3 74 � 3 0.1 (0.0) 0.915
Blood pressure (mmHg)

Systolic 137 � 5 131 � 3 131 � 3 129 � 3 �2 (�1.5) 0.388
Diastolic 81 � 2 76 � 1 77 � 1 75 � 1 �1 (�1.0) 0.505

Calculated CHD Risk
CHD risk (10 years %) 11.8 � 1.0 11.5 � 0.9 11.2 � 1.1 11.3 � 1.0 �0.3 (�4.1) 0.288

Measures of glycemic control
Fasting blood glucose (mmol/l) 7.4 � 0.4 7.9 � 0.4 7.3 � 0.3 7.5 � 0.3 �0.4 (�3.7) 0.154
HbA1c (%) 7.3 � 0.3 7.4 � 0.3 7.0 � 0.2 7.2 � 0.2 �0.2 (�2.2) 0.263

Lipids and apolipoproteins
Total cholesterol (mmol/l) 4.97 � 0.17 4.87 � 0.15 4.84 � 0.21 4.97 � 0.17 0.1 (2.2) 0.169
Triglycerides (mmol/l) 1.59 � 0.18 1.53 � 0.18 1.51 � 0.19 1.63 � 0.20 0.1 (9.3) 0.098
HDL cholesterol (mmol/l) 1.26 � 0.05 1.17 � 0.03 1.23 � 0.05 1.23 � 0.05 0.05 (4.9) 0.280
LDL cholesterol (mmol/l) 2.99 � 0.14 2.99 � 0.14 2.93 � 0.18 3.00 � 0.15 0.01 (0.6) 0.798
Apolipoprotein A-I (mmol/l) 1.57 � 0.05 1.51 � 0.04 1.53 � 0.05 1.55 � 0.05 0.04 (2.2) 0.064
Apolipoprotein B (mmol/l) 1.03 � 0.04 1.03 � 0.04 1.01 � 0.05 1.04 � 0.04 0.01 (0.9) 0.595
Total cholesterol/HDL

cholesterol
4.04 � 0.16 4.19 � 0.13 4.02 � 0.18 4.16 � 0.17 �0 (�0.2) 0.942

LDL/HDL cholesterol 2.45 � 0.14 2.59 � 0.14 2.44 � 0.16 2.53 � 0.15 �0.1 (�1.4) 0.698
Apolipoprotein B/A-I 0.67 � 0.03 0.69 � 0.03 0.67 � 0.03 0.69 � 0.03 0.00 (�0.9) 0.671

Oxidized LDL cholesterol
LDL conjugated dienes 44 � 4 48 � 3 4 (12.1) 0.034
LDL conjugated dienes/LDL 15.8 � 1.8 15.9 � 1.5 0.1 (6.1) 0.300

Clotting factors
Urokinase (ng/ml) 1.16 � 0.05 1.11 � 0.05 1.13 � 0.05 1.13 � 0.05 0.02 (3.6) 0.396
PAI-1 (ng/ml) 30.2 � 3.3 29.5 � 3.2 30.8 � 3.0 32.8 � 3.5 3.3 (26.1) 0.120
tPA (ng/ml) 5.4 � 0.4 5.3 � 0.5 5.3 � 0.4 5.5 � 0.5 0.2 (9.7) 0.201
PAI/tPA 6.1 � 0.7 6.5 � 0.8 6.4 � 0.6 6.4 � 0.7 2.8 (30.7) 0.143

Nonlipid CHD risk factors
C-reactive protein (mg/l)* 4.37 � 1.91 4.8 � 2.01 4.61 � 1.93 3.79 � 1.56 �3.8 (�7.9) 0.398
Homocysteine (�mol/l) 8.5 � 0.9 8.7 � 0.7 8.8 � 0.8 8.9 � 0.7 0.22 (5.8) 0.282
Serum uric acid (�mol/l) 294 � 11 289 � 12 302 � 11 302 � 13 13 (5.9) 0.142

Minerals
Ferritin (�g/l)* 123 � 21 120 � 24 119 � 18 106 � 21 �14 (�2.2) 0.732
TIBC (�mol/l) 46 � 2 48 � 2 45 � 2 49 � 2 1 (2.5) 0.221
Iron (�mol/l) 17 � 1 15 � 1 17 � 1 17 � 1 2 (13.1) 0.189
Calcium (mmol/l) 2.34 � 0.04 2.33 � 0.03 2.35 � 0.03 2.37 � 0.06 0.04 (2.1) 0.415
Magnesium (mmol/l) 0.82 � 0.02 0.84 � 0.02 0.85 � 0.02 0.85 � 0.03 0.01 (1.6) 0.628
Potassium (mmol/l) 4.15 � 0.08 4.15 � 0.08 4.09 � 0.12 4.19 � 0.13 0.03 (1.0) 0.724
Sodium (mmol/l) 137 � 1 137 � 3 139 � 2 141 � 3 4 (4.1) 0.214

Data are means � SEM. P represents the significance of the percentage difference between treatments [(test-control/control) � 100] by Student’s t test (two-tailed).
TIBC, total iron binding capacity; PAI-1, plasminogen activator inhibitor-1; tPA. tissue plasminogen activator. *n � 21; 2 subjects (one on test and one on control)
were eliminated as outliers (treatment changes greater than 2 SD); †CHD risk calculated using the Framingham equation (27).
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from supplementing the diet of diabetic
subjects with wheat bran.
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