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Recently, high carbohydrate diets were recommended for the
treatment of diabetes mellitus.

All aspects of these diets, however,

have not been fully tested —- particularly in insulin dependent
diabetes mellitus (IDDM).

The present study was designed to

investigate the effects of high carbohydrate, low fat diets (HCLFD)
on blood glucose regulation, lipoprotein and apoprotein concentrations
and nutritional status in IDDM.
Six women with IDDM were studied in the Clinical Research Center
for ten weeks.

The study was divided into a control diet (CD) with

45% CHO, 40% fat, and 15% protein for four weeks, and a HCLFD with
65% CHO, 20% fat, and 15% protein for six weeks.

Subjects were allowed

free selection of their carbohydrate and fiber sources during both
diet periods.

The resulting selections produced diets with

approximately equal proportions of complex and simple carbohydrates

(49% and 51%, respectively) and moderate quantities of dietary fiber
(50 g) during the HCLFD.

Weekly fasting and pre-prandial serum glucose

and glycosylated hemoglobin, and daily 24 hr. urine glucose excretion
and insulin dose were not significantly different between the two
periods.

Total plasma, LDL and HDL cholesterol concentrations (p<.05).

and apopproteins AI (p<.001), B (p<.01) and CIII (p<.05) were significantly lower, VLDL cholesterol (p<.05), total plasma (p<.01) and
VLDL (p<.001) triglycerides were significantly higher, and apoproteins
All and E were unchanged during the HCLFD.

Lipoprotein and apoprotein

concentrations were independent of glycemic control.

There were no

significant changes in any of the nutritional parameters tested.
except vitamin Bg were within their respective normal ranges.

All

Whole

blood and plasma vitamin B6, and pyridoxal 5'-phosphate fell below
the lower limits, even though dietary intakes were adequate.
The present study suggest that HCLFD did not adversely affect
glycemic control in IDDM, and demonstrated a potentially beneficial
lowering of total and LDL cholesterol concentrations independent of
glycemic control.
a result of HCLFD.

Finally, nutritional status appeared unaltered as
The lower levels of the B6 vitamers in IDDM

demonstrated in this study suggest that the relationship between
diabetes and vitamin B6 status needs to be investigated further.
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CHAPTER I
INTRODUCTION
Before the availability of injected insulin, extreme carbohydrate and caloric restrictions were the only manageable means of
treating diabetes (1).

After the introduction of insulin, caloric

restrictions were relaxed and carbohydrate intake was increased.
However, mainstream opinion (2) still maintained that extreme
carbohydrate restrictions were essential in the effective management
of diabetes.
Reports of the beneficial effects of increased dietary carbohydrates in the treatment of persons with diabetes mellitus began to
appear in the literature in the late 1920,s and early 1930's (3-5).
Like much of the information available at this time, these reports
were based primarily on clinical observations.

Geyelin (3) and

Rabinowitch (4), probably the two earliest advocates of increased
carbohydrates in the treatment of diabetes, concluded that high
carbohydrate diets increased the effectiveness of insulin, reduced
the need for therapy, and curtailed the appearance of diabetes in
those individuals predisposed to the disorder.

These results,

however, were not achieved by high carbohydrate diets alone.

They

resulted from a combination of high carbohydrate diets and caloric

restriction.

The beneficial effects of caloric restricted diets in

the treatment of diabetes is now well documented (6,7).
In 1933, Himsworth (8) demonstrated that severe carbohydrate
restriction actually decreased glucose tolerance in non-diabetic
individuals.

This simple but elegant study is probably the most

over-interpreted study in the diabetes literature today.

Himsworth

demonstrated improvement in glucose tolerance test results when
individuals increased dietary carbohydrates from 50 to 150 g per
day.

No additional improvements were demonstrated as carbohydrates

were further raised to 300 g per day.

To cite this study as support

for high carbohydrate diets in the treatment of diabetes is inappropriate.
In 1935, Himsworth and Kerr (9) identified two distinct response
patterns in diabetes to oral glucose and intraveneous insulin
challenge.

One group, which they termed "insulin insensitive",

responded with increased plasma glucose concentrations whereas
the other group, termed "insulin sensitive", did not.

In addition,

they demonstrated that insulin sensitive individuals did not have
appreciable increases in glucosuria or fasting glucose, and showed
improved glucose tolerance and insulin sensitivity with increased
dietary carbohydrates.

The insulin insensitive group, on the other

hand, responded with increased glucosuria and fasting glucose
concentrations, decreased glucose tolerance and little or no change
in insulin sensitivity.

It now appears likely that their "insulin

sensitive" individuals represented insulinopemic forms of diabetes
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(almost exclusively IDDM1), while the insulin insensitive individuals
represented a wide spectrum of the diabetic population, who demonstrate various degrees of insulin resistance associated with
excessive insulin secretion (NIDDM).

Thus, it appeared as early as

1935 that two major forms of diabetes (IDDM and NIDDM) were clinically
identifiable and appeared to respond differently in some respects
to increased dietary carbohydrates.

The importance of this study

seems to have been lost to diabetes research to this day.
In the 40 years that intervened between 1930 and 1970, the
composition of the diabetic diet remained constant.
contained 33 to 35% of the calories as carbohydrates.

Diets generally
In the early

1960's, two reports appeared suggesting that individuals with IDDM
(10,11) or severe insulin-treated NIDDM (11) could tolerate diets
with 60% and 85% of the calories as carbohydrates, respectively.
The principle focus of these two papers was plasma lipids and, as
such, only qualitative statements on glycemic control were made.
Bierman and Ham!in (11) studied five patients with either
IDDM or insulin-treated NIDDM, fed both 45% and 85% carbohydrate
mixed food and formula diets for three to fourteen weeks.

The

two types of diabetes were not isolated, and were reported together.
As a group, there were no adverse effects demonstrated on diabetic
control, and insulin therapy was not changed during the high carbohydrate feeding.

1

Only one subject in this study received individual

See Appendix I for the classifications of diabetes mellitus.
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recognition.

This was a seventeen year old male with IDDM who showed

increased glucosuria throughout the high carbohydrate feeding.
Whether this individual was the only one with IDDM was not made
clear.

The Effects of High Carbohydrate Diets on Glycemic Control in NIDDM.
In 1971 (12) the American Diabetes Association (ADA) issued
a special report in which they stated that there no longer appeared
to be a need to restrict the intake of carbohydrates in individuals
with diabetes.

The basis of this report was undeclared, and thus it

is not possible to follow the scientific rationale in support
for their statement.

The committee felt that the average

proportion of carbohydrates in the present American diet (45%
or even higher) seemed to be acceptable, but believed that there
was insufficient data to make a quantitative recommendation.
This report spawned a proliferation of studies on the effects
of increased dietary carbohydrates on a wide variety of persons
with NIDDM and impaired glucose tolerance.

Most of these studies

have shown that glycemic control is unaltered, or slightly improved
with high carbohydrate diets, with no significant changes in the
amount of oral agent or insulin used in treating these patients
(10,11,13-18).

Several studies, however, have shown improvements

in glycemic control and a reduction in hypoglycemic therapy (19-21),
while a few have demonstrated a worsening of glycemic control in
some patients (13,14,19).
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Brunzell et al. (13) studied the response of both treated and
untreated individuals with NIDDM to formula fed diets containing
45% and 85% carbohydrates.

Their study showed that the fasting

plasma glucose concentrations were slightly higher and more variable
in those individuals not treated with insulin or oral agents, and
glucose control, as measured by glucosuria, was significantly worsened
by the high carbohydrate feeding.

In the treated individuals,

significant reductions in fasting glycemia were noted with no appreciable change in glucosuria.

Therefore, treated individuals

responded positively in some aspects of glycemic control to increased
dietary carbohydrates, while untreated individuals did not.

Similar

observations were reported by Rabinowitch (4), who noted that
improvement of carbohydrate tolerance was definitely greater in
treated thaii in non-treated groups.

Thus, the reduction or removal of

treatment may lead to the reduction of glycemic control in some
individuals.
In sharp contrast to these studies, Anderson and colleagues
(19-21), reported improved glycemic control with an apparent increase
in the effectiveness of hypoglycemic therapy in individuals with
NIDDM, when treated with high carbohydrate diets.

These investigators

were able to reduce or eliminate hypoglycemic therapy in over
50% of thin males with NIDDM treated with diets high in carbohydrates
and fiber.

These studies, however, resemble in some respects

earlier studies (3-5,22) which used a combination of increased
carbohydrates and moderate caloric restriction and demonstrated

6
similar improvements in glycemic control and reductions in
hypoglycemic therapy.

The average energy provided by their diets

(1800 to 1900 Kcal) was approximately 31% below that currently
recommended by the National Research Council (2700 Kcal) for males
between 23 and 50 years of age (23).

Significant weight loss

(p<.001) was reported in one study (19) but not in others (20,21).
The length of their experimental periods (7 to 16 days), however,
may have been too short to demonstrate any significant change in
weight.
Like those earlier studies, the particular experimental
design used by Anderson's group was one in which the order of
the study periods was not randomized.

All subjects started with

the control diets and then moved to the high carbohydrate diets.
Thus any effect related to the order or duration of the study cannot
be excluded.

For this reason, the subsequent changes in hypoglyeeifitc

therapy that accompany the changes in diet merely confound the
interpretation of these studies.
A critical evaluation of Anderson's work is particularly
important for several reasons.

First, it represents a large portion

of the literature currently available on the treatment of diabetes
with high carbohydrate diets.

Second, these studies have been

conducted almost exclusively using thin individuals with NIDDM.
The extrapolation from these individuals to a more general population
of individuals most of whom have obesity related NIDDM may not be
appropriate.

Rizza et al. (24) suggest that the predominant
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metabolic abnormality in non-obese NIDDM is insufficient insulin
secretion.

This is much different than insulin resistance, associated

with over insulin secretion, which predominates in the majority of
persons with NIDDM.

Finally, they have chosen to use changes in

hypoglycemic therapy, which is often subjectively applied, as an
objective measurement of improved glycemic control. The significance
of a reduction or elimination of hypoglycemic therapy in the context
of their experimental protocol is difficult to evaluate.
In more coatrolled studies (16,18) other investigators have
demonstrated significant improvements in fasting and pre-prandial
glucose concentrations, glucosuria and glycosylated hemoglobin,
without significant alterations of hypoglycemic therapy.

Simpson

et al. (16) maintained 12 individuals on diets containing 40% and
60% carbohydrates for six week periods in a cross-over design.
Twenty-four hour glucose profiles were lower on the high carbohydrate
diet, but were not significantly different.

Fasting, basal and

pre-prandial glucose concentrations and glycosylated hemoglobin
were all significantly lower on the 60% carbohydrate feeding.
However, these improvements should be put in proper perspective.
The mean fasting plasma glucose of these individuals was only 133
mg/100 ml during the 40% carbohydrate diet, and 117 mg/100 ml during
the 60% carbohydrate diet.

Thus these individuals were well con-

trolled during the entire study, and the significant improvement was
only 16 mg/100 ml.
While this study demonstrated a modest improvement in glycemic
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control in a select population of well controlled individuals with
NIDDM on a high carbohydrate diet, these investigators concluded
that it was no longer justifiable to prescribe low carbohydrate
diets in NIDDM.

They neither tested low carbohydrate diets nor is

it apparent that their 12 individuals were representative of the
general population of NIDDM.

Such a global statement concerning

the treatment of NIDDM does not seem warranted from their study.
Although modern studies of carbohydrate restrictions are not
as numerous as those using high carbohydrate diets, there are at
least three studies that report a significant improvement in
glycemic control in individuals with NIDDM treated with carbohydrate
restrictions (25-27).

These studies, however, are all confounded

by the added variable of weight loss.

Rudnick and Taylor (26)

showed improved glucose tolerance and blood insulin response to
oral glucose in six individuals with mild to severe diabetes treated
with carbohydrate restricted diets (90-170g) for four months.
Although most patients had significant weight loss (mean 6.5kg)
during this period, the response patterns of two individuals who did
not were similar.

Thus, they concluded that weight loss alone

was probably not the most important factor in the improved glucose
tolerance.

However, the two individuals who did not have significant

weight loss could be distinguished very clearly by two important
characteristics:

1)

they were not obese, in fact, they were

approximately 9.5% under ideal body weight on admittance, and
2)

they were receiving the highest quantities of dietary carbohydrates
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(150 and 170g as opposed to 90g).

The possibility that the study

of Rudnick and Taylor was confounded not only by significant weight
loss, but also by the heterogeneity with their subjects (obese and
non-obese NIDDM), and differences in carbohydrate restriction
cannot be excluded.

Wall et al. (27) studied 200 newly diagnosed

obese individuals (128% IBW) to determine whether the establishment
of diabetic control depended on weight loss or carbohydrate restriction alone.

They demonstrated the establishment of satisfactory

diabetic control (defined as 2 hour post-prandial blood glucose <
160 mg/100 ml, and only trace glucosuria) in 159 of the 200 patients
within two or three weeks on diets containing 100-150g of carbohydrates.

These individuals, however, also sustained significant

weight loss (5.7%).

It was noted that only 27 of these 159 indivi-

duals reduced their weight to within 110% IBW, and 18 had actually
gained weight.

Again, it is very difficult to factor out the

effects of weight loss and carbohydrate restriction in this study.
An interesting finding in this study was that those individuals
who established control by diet alone were less obese (127% vs
131% IBW), and had greater loss of weight (5.7% vs 3.2%).

The Effects of High Carbohydrate Diets on Glycemic Control in IDDM.
The reported improvements in glycemic control and hypoglycemic
therapy in NIDDM prompted the ADA to update the 1971 recommendations
on the dietary treatment of diabetes.

In 1979, the ADA (29)

recommended the further liberalization of carbohydrates in the diets
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of all persons with diabetes.

The suggestion was made that protein

should account for 12-20% of the total caloric intake.

Carbohydrates,

preferably in the form of complex (defined as starch associated
with fiber), should comprise 50-60% with fat comprising the remaining
calories.

They also recommended increasing the ratio of polyun-

saturated (P/S) fats, and reducing the total intake of dietary
cholesterol.

Implicit in this recommendation was that the diet

should be flexible and compatible with the present American life
style.
These recommendations were made at a time when there was only
one study published on the effects of such recommendations on
individuals with IDDM.
priori

There was, and is, no reason to assume a^

that these very different forms of diabetes would respond

similarly to increased dietary carbohydrates.

To date there are

three studies on the effects of high carbohydrate diets in IDDM
(10,17,18).

Stone and Connor (10)

in 1963 reported no significant

differences in insulin dose or diabetic control between 25 individuals
fed control diets and 31 individuals fed 60% carbohydrate diets for
one year.

Diabetic control was evaluated by fractional urine

collections four times per day.

Only occasional fasting and post-

prandial blood glucose concentrations or 24 hour urine glucose
excretion were measured.

Therefore, their study provides only

qualitative data on diabetic control.
The remaining two studies were both conducted by Simpson's
group in Oxford, England.

In the first of these studies (17),
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they reported significantly lower basal (mean values at 0300, 0500
and 0700 hrs.), and pre-prandial plasma glucose concentrations and
daily insulin dose in 12 individuals who consumed 60% carbohydrate
diets.

Mean 24 hour plasma glucose and glycosylated hemoglobin,

which are more indicative of overall diabetic control, were not
appreciably different.

The slight reduction of daily insulin dose

(51±8 vs 49±9 lU/day,mean±SEM) was principally accounted for by the
reduction of the evening injection.

More recently, this group

treated nine IDDM individuals and 18 NIDDM individuals with high
carbohydrate (60% of the Kcal) leguminous fiber diets (18).
The fact that these two groups were treated with the same diets
provides insight into the differences in glycemic control that
might exist between the two groups.

Both the IDDM and NIDDM

patients showed improved 24 hour metabolic profiles while being fed
the high carbohydrate diet.

In those patients with IDDM, post-

and pre-prandial plasma glucose concentrations as well as 24 hour
urine glucose excretion were significantly lower on the high
carbohydrate diets.

However, basal plasma glucose, glycosylated

hemoglobin and insulin dose were not significantly different during
this period.

The investigators concluded, "A diet high in

complex carbohydrates and leguminous fibre improves all aspects of
diabetic control, and continued use of a low carbohydrate diet no
longer appears justified."

These diets, however, did not improve all
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aspects of diabetic control in those individuals with IDDM.
Moreover, they showed distinct differences between the two forms
of diabetes in response to the same dietary treatment.

In addition,

one must consider that the reduction of plasma glucose concentrations
are not always a beneficial effect, particularly in insulin-treated
individuals.

The exceptionally low mean basal glucose concentrations

with a large standard error of the mean (70±40 mg/lOOml) demonstrated
in patients with IDDM when treated with the high carbohydrate diets
is of serious concern.

The highest individual

basal value reported

during this period was only 6.6 mmole/L (119 mg/lOOml).

This suggests

that some of their patients must have been experiencing nocturnal
hypoglycemia.

Miranda and Horwitz (30) have also reported a signif-

icant increase in the incidence of hypoglycemic reactions among patients
with IDDM treated with high fiber diets.

They related this increase

in hypoglycemic reactions to significantly lower (p<.001) glucagon
concentrations during the high fiber period.

These studies suggest the

possibility of increased difficulty of hypoglycemia among individuals
with IDDM treated with diets high in fiber.

The Effects of Fiber on Glycemic Control
The diets used in many of the studies conducted in both NIDDM
(13,16,18-22) and IDDM (17,18) have not only been high in carbohydrates
but also contained large quantities of dietary fiber.

It is difficult

to separate the independent effects of fiber and carbohydrates in these
studies.

However, it appears that significant improvements in overall
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glycemic control occurred only in those studies that were also high
in dietary fiber (16-21).

There have been no significant changes in

fasting glucose, glucosuria, or insulin dose in individuals treated
with high carbohydrate diets with moderate fiber content (10,11,13,
14,21).

The only exception to this was nine individuals with NIDDM

treated with hypoglycemic therapy and fed fomula diets with 85% of
the calories as carbohydrates (14).

These subjects showed a signif-

icant (p<.02) decrease in fasting glucose and no change in glucosuria
during the high carbohydrate feeding.

Five of these individuals were

studied prior to hypoglycemic therapy; three of the individuals had
higher fasting plasma glucose levels, two were unchanged, and all
five had increased glucosuria during similar high carbohydrate
feedings.
There have been several studies reporting favorable effects
of increased dietary fiber on glycemic control in both diabetic (31,32)
and non-diabetic individuals(32-36). Decreases in the post-prandial rise
of plasma glucose and insulin have been suggested to be the mechanism
responsible for improved glycemic control and lower glucosuria seen
among the individuals with diabetes.

In turn, this

effect has been

related to decreased absorption of ingested carbohydrates, and appears
to depend on the nature of carbohydrate and fiber used (32,34,36).
Recently Jenkins et al. (35) demonstrated that both the postprandial mean peak rise in blood glucose and total area under the
glucose curve were at least 45% lower when non-diabetic volunteers
consumed one of eight varieties of legumes, than when they consumed
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identical quantities of one of 24 different varieties of grain,
cereals or tuberous vegetables.

Several other studies (37,38)

have shown that the addition of guar, a leguminous fiber, produced
similar results on post-prandial glucose response and lowered total
daily urine glucose excretion in individuals with NIDDM.
The effects of fiber are not limited to high carbohydrate
diets.

Miranda and Horwitz (30) demonstrated significantly lower mean

daily glucose concentrations in eight individuals with IDDM treated
with 45% carbohydrate diets with 20 g of crude fiber, when compared
to similar diets with 3 g of crude fiber.

There were no significant

differences in fasting glucose or insulin dose between the two diets.
Thus increased dietary fiber appears to have an attenuating effect
on the post-prandial rise in glucose concentration following
carbohydrate ingestion.

The Effects of High Carbohydrate Diets on Plasma Lipid Metabolism
Fasting hyperlipoproteinemia has been suggested to occur in
approximately 30 to 40% of the diabetic population (39,40).

This

is expressed most frequently as elevated triglycerides (40,41),
although elevated plasma cholesterol also occurs (41,42).

Individuals

with diabetes suffering vascular complications often have increased
plasma lipoproteins (43).

Large vessel atherosclerotic lesions

(cardie and peripheral) are now the leading cause of death in diabetes
(44,45).
There have been a number of environmental risk factors associated
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with the increased incidence of vascular disease —

elevated plasma

cholesterol and possible triglyceride levels; large dietary intakes
of cholesterol and saturated fats; excessive body weight; hypertension;
cigarette smoking; and carbohydrate intolerance (46-48).

Of these,

all but cigarette smoking demonstrate some relationship with diet,
and thus the role of diet in the development of vascular disease is
extremely complex.
Historically, the dietary treatment of diabetes has been to
restrict carbohydrates and increase fat and protein intake, particularly
animal fat, meat and eggs (1,2).

Connor and Connor (46) have shown

positive correlations between the mortality rate of atherosclerotic
and degenerative heart disease and the intake of total calories, total
fat, animal fat, animal protein and eggs.

In addition, the intake of

dietary cholesterol has been shown to have a close correlation with
plasma cholesterol over a range of 0 to 600 mg/day (49,50).

In

extended studies by Keys and co-workers (51,52), saturated fatty acids
were shown to have plasma cholesterol effect, while the reverse was
true for polyunsaturated fatty acids.

Thus it appears that diet may

have contributed at least in part to the hyperlipidemia (elevated
plasma cholesterol levels) demonstrated in diabetes.
Although plasma cholesterol and triglyceride concentrations
are informative, individual fractions representing the different
lipoprotein particles provide more detailed information on the
metabolism of plasma lipids

and are considered

of the potential risk for vascular disease.

more diagnostic of

The three major
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lipoprotein classes present in normal fasting plasma are very low
density lipoproteins (VLDL), low density lipoproteins (LDL) and high
density lipoproteins (HDL).

These are distinguishable and separated

by either their electrophoretic mobility (53) or more commonly by their
characteristic densities (54).

LDL cholesterol transports approximately

70% of the total plasma cholesterol, and is taken up by peripheral
tissues by a very specific receptor mediated process (55,56).

HDL

cholesterol carries approximately 15% of plasma cholesterol, and may
have an opposite physiological role.

Currently it is believed that

HDL particles function as cholesterol transport carriers from peripheral
tissues to the liver for excretion (57).

VLDL particles are synthesised

either in the liver or intestinal mucosa, and transport endogenously
synthesised triglycerides.

As triglycerides are removed by the

peripheral tissues, VLDL particles are degraded to LDL particles (58).
Individuals with vascular disease have been shown to have
abnormal lipoprotein patterns; LDL and VLDL fractions are generally
increased and HDL decreased when compared to normal individuals (59).
Epidemiologic studies in both non-diabetic populations (60,61) and
populations with diabetes (62,63) have shown positive correlations
between the prevalence and incidence of vascular disease and total
plasma and LDL cholesterol, and negative correlations with HDL
cholesterol.

Elevations in VLDL triglyceride concentrations have

also been shown to be predictive of a high risk for vascular disease
(64), although at the present time, the issue of whether elevated VLDL
triglycerides relates to vascular mobidity or mortality in the general
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population is still unsettled (64-66).

Studies in persons with

diabetes, however, clearly show that hypertriglyceridemia appears
more often than hypercholesterolemia among diabetic individuals with
vascular disease (40,67), while individuals without significant
vascular disease have cholesterol and triglyceride concentrations
indistinguishable from non-diabetic populations similarly free of
vascular disease.
Two lines of evidence currently exist that suggest that diet
may play an important part in lowering plasma cholesterol and
reducing the risk for vascular disease.

The first

are epidemiologic

data (68-70) which demonstrate significant correlations between diet,
plasma cholesterol and the incidence of vascular disease mortality.
The second

are the results of intervention trials (71-74)

although fewer in number, provide stronger end points.

which,

Recently,

Turpeinen and co-workers (72) reported the results of a twelve year
prospective study.

They demonstrated that serum-cholesterol-lowering

diets (lower in saturated fats and cholesterol) significantly lowered
serum cholesterol and reduced the incidence of coronary heart disease
as assessed by the occurrence of death or the appearance of major or
intermediate electrocardiographic changes indicative of coronary
heart disease.

These results are in good agreement with other

preventive trials (73,74) where softer end points were used.
It is difficult, at best, to project from these studies in
non-diabetic individuals to the occurrence of vascular disease in
in diabetes.

However, in population groups that habitually consume
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diets higher in carbohydrates and lower in total fats, saturated
fats and cholesterol (75-77), the incidence of vascular disease in
diabetes does not differ from the non-diabetic population.

The

incidence of vascular disease in these populations are also lower than
diabetic and non-diabetic populations in the United States and other
Western Societies.
The most consistent effect of increased dietary carbohydrates in
the treatment of diabetes has been the lowering of plasma cholesterol
(10,16-20).

This effect was among the earliest observations.

In 1930

Rabinowich (40) characterized lower plasma cholesterol concentrations
as one of the two major metabolic features associated with high carbohydrate, low fat diets.

In the three studies thus far in individuals

with IDDM, total plasma cholesterol was reduced from 251 to 199 mg/100
ml (p<.001), 191 to 172 mg/100 ml (p<.001) and 185 to 160 mg/100 ml
(p<.05), by Stone and Connor (10), Simpson et al. (17) and Simpson et
al. (18), respectively.

Similar reductions were noted in individuals

with NIDDM by both Anderson's group (19-21) and Simpson's group (16,18),
A disadvantage of high carbohydrate diets reported in persons
with diabetes has been the elevation of fasting plasma triglycerides
(11,21,78).

This response, however, has not been demonstrated by

all investigators.

Bierman and Hamlin (11) demonstrated two to

four fold increases in fasting plasma triglycerides in insulintreated individuals with severe NIDDM and IDDM treated with diets
containing 85% carbohydrates for ten weeks.

Simpson et al. (17) and

Simpson et al. (18) showed no increase in fasting triglycerides
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in persons with IDDM treated with 60% carbohydrate diets.

These

last studies differ from Bierman and Ham!in not only with respect
to the quantity of carbohydrate, but were also substantially higher
in dietary fiber.

Finnally, Stone and Connor (10) demonstrated a

slight non-significant reduction in plasma triglycerides among 31
individuals treated with 60% carbohydrate moderate fiber diets for
one year.
Recently, dietary fiber has been shown to be important in the
lipemic response of individuals to increased dietary carbohydrates.
Anderson et al. (21), studied the lipemic response of eleven thin males
with NIDDM receiving control diets containing 43% of the calories as
carbohydrates and 20 g of fiber, and high carbohydrate diets containing
70% of the calories as carbohydrates and either 64 g or 48 g of dietary
fiber.

All subjects had significantly higher fasting triglyceride

concentrations on the high carbohydrate,low fiber (48 g) diet than they
did on either the high carbohydrate,high fiber (64 g) or control diets.
There were no significant differences in fasting triglycerides when
the high carbohydrate,high fiber diet was compared to the control diet.
Thus it appeared that the increase in fiber from 48 to 64 g was able
to attenuate the rise in fasting triglycerides in response to increased
dietary carbohydrates.
The elevations in fasting triglycerides that have been reported
in response to increased carbohydrates have been shown to be temporal
in non-diabetic individuals (79).

It has been suggested that this

might also apply in NIDDM (11), but no direct evidence in diabetes
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exists. The extrapolation of data from normal healthy individuals with
low fasting triglycerides to individuals with diabetes, who collectively
demonstrate statistically higher triglyceride concentrations than
non-diabetic populations (39-41), is questionable.

In light of

the increased incidence of vascular disease associated with hypertriglyceridemia in diabetes (40,67), any factors leading to the elevation
of triglyceride concentrations must be considered potentially
deleterious.

The Nutritional Impact of High Carbohydrate, High Fiber Diets
The increases in dietary fiber that appear to be necessary
to attain the demonstrated improvements in glycemic control and
attenuation of a rise in fasting triglycerides with high carbohydrate
diets may have a deleterious effect on the nutritional status of
these individuals.

The effects of high carbohydrate, high fiber

diets on vitamin and mineral status are not fully understood.

In

in vitro studies (80), plant fibers have been shown to bind folic
acid and its monoglutamate derivatives.

However, when test meals

high in fiber were fed to human volunteers (81) folate absorption
was not impaired.

In rat studies (82) impaired vitamin B12 absorp-

tion was demonstrated when large quantities of pectin or cellulose
were included in the diet.

Leklem and co-workers (83) reported that

the availability of vitamin Be from whole wheat bread was 5-10%
less than either white bread or vitamin Be enriched white bread.
Similarly the bioavailability of vitamin Be from unrefined rice
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cereal was shown to be low by rat bioassay (84).

High wheat fiber

diets have also been shown to impair mineral absorption and produce
negative calcium, zinc and iron balances (85-87).

In addition to

altering the availability of micronutrients, increased carbohydrates
may affect intermediary metabolic pathways, possibly imposing additional
dietary requirements for certain nutrients.
Kjftfsen and Seim (88) reported reduced transketolase activity
(which requires thiamin as a coenzyme) in a small group of individuals
with diabetes; those individuals with IDDM had the greatest deficiencies.
These results support earlier findings by Hagen (89) who showed
significantly lower levels of thiamin in young children with IDDM.
Sebastian et al. (90) reported vitamin Be deficiencies in 11 of 31
individuals with diabetes.

The deficiency of vitamin B6 appeared to

be dependent on the degree of metabolic control.

Insulin-treated

individuals had greater deficiencies than those treated with oral agents,
although no association existed between the degree of deficiency and the
amount of injected insulin.

Davis et al. (91) also reported signif-

icantly lower blood vitamin Be concentrations in 518 individuals
with diabetes.
Despite the fact that the metabolism of two of the B vitamins
may be altered in diabetes, and that high carbohydrate, high fiber
diets may impose additional risk on this population, only one study
to date has attempted to assess nutritional status in persons with
diabetes treated with diets of varying carbohydrate content.
Anderson et al. (92) reported the mineral and vitamin status
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in 15 individuals with NIDDM fed high carbohydrate, high fiber diets
for an average of 21 months.

In their study, the availability of

vitamin D was assessed by measuring serum calcium and phosphorus
concentrations, and alkaline phosphatase activity.

Serum calcium

and phosphorus concentrations are controlled within very narrow
ranges by well developed homeostatic mechanisms.

Interpretation of

nutritional status based on these measurements is extremely difficult.
In addition, the use of serum alkaline phosphatase activity to uncover
subclinical vitamin D deficiencies has not been shown to be satisfactory (93,94).

Serum alkaline phosphatase activity is derived from

liver, bone, intestine, and during pregnancy from the placenta.
The primary source of serum alkaline phosphatase activity in adults
is the liver (95) rather than bone.
Vitamin A concentration was estimated by serum carotene.

The

concentration of serum carotene, however, is generally indicative
of recent dietary intake, and is not necessarily indicative of
vitamin A status (96,97).

Dietary carotene is converted to vitamin

A primarily by the intestinal mucosa during absorption.

Without

information on intestinal conversion, serum carotene concentrations
provide only limited information on vitamin A status per se. (97,98).
Since plant fibers have been shown to bind folate derivatives in
vitro, the assessment of folate status on high carbohydrate, high fiber
diets would be important.

However, serum folate (measured by Anderson

et al. (10) ) may only be reflective of recent dietary intakes,
and not representitive of tissue stores.

Therefore, serum folate
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is believed to be a poor indicator of folacin deficiency (99-100).
Red cell folate concentration, on the other hand, reflects the
folacin status of an individual when the red cells were formed.
This is less variable than serum folate, and believed to be a more
accurate index of the severity of folacin deficiency (100).
A list of the other vitamins and minerals measured on their
study is limited to iron, magnesium, vitamin B12 and vitamin K (by
prothrombin and partial pro-thrombrin times).

Among these, vitamins

6x2 and K deficiencies are a rare occurrence in the United States.
Less than 1 yg of vitamin B12 per day is needed to maintain normal
hematopoiesis (101).

The turnover of vitamin B12 has been shown by

radio-isotopic studies to be less than 0.1% per day (102).

At this

rate, it would take nearly two years on a vitamin B12 free diet to
deplete only half of the available body stores.

Vitamin K is produced

by colonic microflora in sufficient quantities

and unless an individual

is receiving antibiotic therapy, is not a problem.

Thus, vitamins

B12 and K assessments may provide only minimal information on the
nutritional impact of high carbohydrate, high fiber diets.
The study by Anderson et al. (92) presents few data on vitamin
and mineral status on high carbohydrate, high fiber diets.

If these

investigators had selected the vitamin and mineral assays more
carefully, and chosen more appropriate methods of analysis, their
study could have contributed significantly to the diabetic literature.
The application of routine clinical chemistries to the nutritional
status of an individual is not an acceptable approach

and undermines
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the importance of well developed biochemical methods.

The Palatability and Acceptability of High Carbohydrate Diets
It is difficult to assess palatability, or predict acceptability
of particular dietary regimens.

However, many of the diets that

have been used in previous studies in both NIDDM and IDDM depart
radically from normal dietary patterns within the United States
or the United Kingdom. These diets do not represent the simple
"liberalization" of carbohydrate intake, are not consistent with
the recommendations by the ADA to be flexible and consistent with the
American life style, and raise serious doubts about their long term
acceptability.
The studies of IDDM by Simpson's group exemplify this problem.
In their first study (17), whole meal bread contributed 42% of the
total daily calories.
per day.

This represented 480 g of whole meal bread

The second study (18) provided 93% of the calories at

breakfast as haricot beans (140 g), 75% of the calories at lunch as
whole meal bread (175 g), and 75% of the calories at dinner as a
combination of red kidney beans (50 g), butter beans (50 g) and
dried peas (50 g), with an additional 11% of the calories from whole
meal bread (30 g).

Just as important as the radical and severe

nature of these diets was the response of the individuals consuming
them.

There was a slight reduction in mean weight on the high

carbohydrate diets.

This was attributed to a decline of caloric

intake by these individuals during this dietary period. They reported
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that

many of the patients were unable to consume equal quantities

of calories when switched to the bulkier high carbohydrate, high
fiber diets.

Certainly if compliance to these diets is difficult

among motivated individuals during the controlled conditions of a
metabolic study, it would seem questionable that they would be
acceptable under general living conditions.

Rationale and Statement of Research
With the availability of injected insulin in 1921, the incidence
of diabetic coma declined dramatically.

As a result, cardiovascular

and peripheral vascular disease (CPVD) has become the leading cause
of death in diabetes (44,45).

The incidence of CPVD in the diabetic

population has been estimated to be twice that of the general population
in the United States (103-104).

Although vascular disease is

reported to be slightly higher in insulin treated individuals, it
does not appear to be related to either the severity or the duration
of the disease (40).

In comparative population studies (75-77), the

incidence of CPVD is more closely associated with diet and plasma
lipid concentrations than diabetic control.

In Japan, for example,

the incidence of CPVD in the diabetic population does not differ
from the non-diabetic population (75-77).
Recent surveys indicate that fasting hyperlipoproteinemia occurs
in about 30-40% of the diabetic population (39,40).

In addition to

these surveys, studies have shown that the incidence and prevalence
of CPVD is positively correlated with plasma cholesterol and low
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density lipoprotein (LDL) cholesterol, and negatively associated
with high density lipoprotein (HDL) cholesterol in non-diabetic (5961), non-insulin dependent diabetic (NIDDM) and insulin dependent
diabetic (IDDM) populations (62-63).
Diets high in carbohydrates and restricted in the type and
amount of dietary fat and cholesterol have been shown to lower
plasma and LDL cholesterol (46-54,72).

In a twelve year prospective

study (72) investigators demonstrated a reduction in the incidence
of coronary heart disease on diets lower in dietary cholesterol and
fat.

These changes were concomitant with lower plasma cholesterol

concentrations.

Similar diets then would presumably reduce the risk

of developing CPVD in diabetes.
This scenario, coupled with the accumulation of data on the effects
of high carbohydrate diets in NIDDM, prompted the American Diabetes
Association to recommend the liberalization of carbohydrates in the
diets of individuals with diabetes.

The effects of high carbohydrate

diets had been widely tested in NIDDM, but few data existed in IDDM.
These studies have relied on diets not typically available
to or consumed by the diabetic population.

Large quantities of

dietary fiber often accompanied the increases in dietary carbohydrates,
and it is difficult to separate the effects of these two variables.
All indications, however, suggest that dietary fiber, more specifically
than dietary carbohydrates, was responsible for the improvements
in glycemic control and maintanence of normal fasting triglyceride
concentrations.

Since the individuals in these studies were not
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allowed to select their own foods, there is no indication that these
types of diets would be acceptable to individuals with diabetes.
In addition, the absence of any substantive nutritional assessment
data leaves an important void in the complete understanding of the
effects of these diets.

Thus it seems that the recommendations made

by the ADA may have been a bit premature, particularly in respect to
IDDM.
Therefore, the present study was designed to investigate the
effects of subject-selected high carbohydrate, low fat diets in
individuals with IDDM.

The major areas of concern were: 1) the

establishment and maintanence of glycemic control;

2) the distribution

of plasma lipids among various lipoprotein fractions;

3) the determina-

tion of baseline apoprotein concentrations in IDDM, and their response
to dietary changes;

4) the nutritional impact of high carbohydrate

diets on individuals with IDDM.

In attaining these, we will provide

information on the composition of high carbohydrate diets.
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ABSTRACT
The composition and nutritional adequacy of subject-selected
high carbohydrate, low fat diets (HCLFD) were investigated in six women
with insulin dependent diabetes mellitus (IDDM).

Subjects were randomly

assigned to begin either the HCLFD with 65% CHO, 20% fat and 15% protein
for six weeks, on a control diet (CD) with 45% CHO, 40% fat and 15%
protein for four weeks.

All subjects completed both dietary periods in

a cross-over experimental design.

Subjects were allowed free selection

in their choice of carbohydrate-rich foods.
The resulting selections produced diets with 51% simple and 49%
complex carbohydrates and 50 g of dietary fiber during the HCLFD.
Similar proportions were also selected during the CD.

There were no

significant changes in thiamin, riboflavin, vitamin Be, pyridoxal
5'-phosphate, ascorbate, vitamin E, calcium, selenium or zinc concentrations between the two dietary periods.

With the exception of vitamin

B6, all vitamin and mineral values were within normal respective ranges.
Vitamin B6 status, as assessed by pyridoxal 5'-phosphate, were below or
just above the levels of marginal deficiency (2.2 nmoles/L) in four of
the six individuals.
The present study demonstrates that subject-selected HCLFD were
much lower in complex carbohydrates and fiber than diets previously
tested.

In addition, the concentration of several nutrients did not

appear to be adversely affected by these diets.
B6 in diabetes should be explored further.

The role of vitamin

INTRODUCTION
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There has been renewed emphasis in recent years on the treatment
of diabetes mellitus with diets either high in carbohydrates or high
in both carbohydrates and fiber (1-10).

Most of these studies have

shown that glycemic control is unaltered or slightly improved (1-5,7)
by high carbohydrate diets.

A few have shown both improvement in

glycemic control and reduction in the need for hypoglycemic therapy
(8-10), and still others have shown worsening of glycemic control
in some patients (2,5,8).

Furthermore, the response of plasma lipids

to diets high in carbohydrates has been conflicting.

Studies in which

plasma lipids have been reported show a consistent reduction of total
plasma and LDL cholesterol (1,3,6-10).

Some have shown an elevation of

fasting triglycerides (4,8,11), while others have not (1-3,7-10).
Apparently, not all individuals suffering from the heterogeneous
syndrome of diabetes respond similarly to increased dietary carbohydrates.
Indeed, the issue of dietary carbohydrates in the treatment of persons
with diabetes mellitus is still controversial (12).
The types of carbohydrates and quantities of dietary fiber differ
tremendously among these studies.

Many rely on diets radically different

from present dietary patterns in the United States.

This has raised

serious questions concerning the palatability and long term accepability of such diets (12).

Moreover, the restricted or limited nature

and high fiber content of these diets may pose risk for the development
of nutritional deficiencies.

The nutritional adequacy of high carbo-

hydrate, high fiber diets has not been tested.
The present study was designed to investigate glycemic control.
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lipoprotein lipids and the nutritional impact of subject-selected
high carbohydrate, low fat diets (HCLFD) in individuals with insulin
dependent diabetes mellitus (IDDM).

This study differs from previous

studies in that the subjects were allowed to select their own carbohydrate-rich foods within the compositional guidelines of the two diets.
We have limited the study to subjects with IDDM to provide a more
homogenous population, and because of the paucity of data currently
available concerning the effect of HCLFD in this group.

In this paper

we present data on the composition of subject-selected diets, and
biochemical evidence of the nutritional impact of those changes.
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METHODS AND MATERIALS
Subjects.

Six women with IDDM were studied in the Clinical Research

Center (CRC) for ten weeks each, over a period of eighteen months.
Subject characteristics are presented in Table 1.

The diagnosis of IDDM

was based on recently developed criteria (13).

Mean (±SD) age was 26±4

years and duration of diabetes was 15±8 years.

Fluctuations in weight

ranged from -1.4 to 0.9 kg, with no significant differences in mean
values between the two periods.

Percentage of ideal body weight (IBW)

averaged 103%, with all subjects well within ±20% IBW.

Aside from IDDM,

all subjects were in good health and free from any complicating illness,
except subject 2 who had familial hypercholesterolemia.

None of the

subjects were currently using oral contraceptives or other drugs known
to influence the analyses performed.

Experimental Design.

The study was divided into four week control and

six week experimental periods.

After informed consent was obtained,

subjects 1,2 and 6 were assigned to begin the control diet, and subjects
3, 4, and 5 assigned to begin the experimental diet.

All subjects

completed both periods of the cross-over experimental design (14).
Subjects were admitted as in-patients for an intial two to four day
period to aquaint them with the protocol and routine of making daily
collections.

Subjects were then followed as out-patients for the

remainder of the study, with the exception of subject 1 who remained an
in-patient, but was ambulatory for the entire study.

Subjects were

encouraged to maintain a constant level of activity throughout the study.
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Diets.

Seven day rotating menus were prepared for both dietary periods.

The composition of the control diet (CD) and experimental diet (HCLFD)
are presented in Table 2.

The diets were eucaloric to maintain constant

weight, and met the current National Academy of Sciences Recommended
Dietary Allowances (15).

The CD approximates the average diet presently

being consumed by the U.S. population (16), and is consistent with the
1971 recommendations of the American Diabetes Association (ADA) for
patients with diabetes mellitus (17).

In contrast, the experimental

diet was higher in carbohydrates and fiber and lower in fats and
cholesterol.

These changes are consistent with the more recent

recommendations of the ADA (18).
CRC kitchen.

Mixed food diets were provided by the

Individual menus differed and were selected from calculated

exchange list consisting of conventional food items.

Exchanges provided

54% of the carbohydrates from bread and grains, 36% from fruits and
vegetables and 10% from dairy products during the CD.

During the HCLFD,

52% of the carbohydrates came from breads and grains, 42% from fruits
and vegetables and 6% from dairy products.

In addition, high fiber foods

such as brown rice, legumes, lentils and whole grain breads and cereals
were available for selection during the HCLFD phase.

Subjects were

encouraged to make their selections from those foods highest in complex
carbohydrates and fiber during this period.

Guidance was given in making

these selections, but no attempt was made to favor specific types of
carbohydrates or fiber.

Carbohydrates and total calories were divided

between three meals and either two or three snacks.

Daily consumption

records were kept and overall dietary consumption was estimated, based on
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returned food and reported intake, to be between 92 and 103%.

Dietary Calculations.

Total energy requirements were estimated using

the Boothbay and Berkson food nomogram (19).

Subsequent changes in

calorie intake were made to maintain weight within ±2.0 kg
week study period.

over the ten

Calculated exchange lists were developed by the CRC

dieticians, based on modifications to the American Heart Association's
Diet A for the treatment of hyperlipidemias (20).
calculated using appropriate tables (21-23).

Nutrient intakes were

Carbohydrate composition

and dietary fiber were calculated on four of seven daily menus for each
dietary period for each individual, using available tables (24).
Fatty acid composition was calculated using Home Economics Handbook #7
(25).

Biochemical Analyses.

At the beginning, middle and end of each dietary

period, fasting venous blood was collected in Becton-Dickinson
Vacuutainer®

tubes #6527 (sodium heparin) for the assessment of whole

blood selenium (26) and vitamin Be (27); red cell thiamin (28) and
riboflavin (29) activities; plasma pyridoxal S'-phosphate (30), vitamin
B6 (27) and ascorbate (31); and in #6526 tubes (no additive) for serum
vitamin E (32), calcium and zinc (33).
Urinary calcium, phosphorus and cyclic AMP were measured at the
same time blood samples were obtained for nutritional assessments.
All urine samples were assayed by standard clinical chemistry techniques,
except for the cyclic AMP which was determined by radioimmunoassay (34).
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Statistics.

The results are expressed as mean ±SD.

Analysis of

variance (ANOVA) for cross over design (14) was used to determine
significant differences between group totals of the two dietary periods.
ANOVA for applied linear regression models were also conducted using a
Hewlett-Packard Model 10 Calculator (Hewlett-Packard, Loveland, Co.)
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RESULTS
Diet Selection.

The composition of the control and experimental diets

are presented in Table 2.

The only variables under the control of the

subjects were the selection of carbohydrates and amount of dietary fiber.
Subjects selected diets with 55% of the carbohydrates as simple and 45%
as complex during the control period, and 51% as simple and 49% as
complex during the HCLFD.

Dietary fiber increased by 79% from 28 g

to 50 g, while dietary carbohydrates increased by 43%.

This indicates

that some changes were made in the density of fiber per gram of carbohydrate between the two diets.

Two representative menus for each

diet period are presented in Table 3.
similar between both periods.
beans

The types of foods selected were

Subjects generally chose not to include

or lentil dishes in the HCLFD.

Furthermore, they preferred white

rice to brown rice, refined cereals to whole grain cereals, and
frequently substituted fruit juice for the whole fruit when the total
number of fruit exchanges were increased in the HCLFD.

Nutritional Analyses.

The results of the nutritional assessments are

presented in Tables 4, 5 and 6.

There were no significant differences

in any of the nutritional parameters tested between the two dietary
periods.

Red cell transketolase and glutathionie reductase activities,

plasma ascorbate, serum vitamin E and zinc, and whole blood selenium
levels (Table 4) were within their respective normal ranges (28,29,3539).

On the other hand, whole blood vitamin Be, plasma vitamin Be

and plasma pyridoxal S'-phosphate levels (Table 5) were below the lower
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limits of the normal ranges (7.3 to 24 nmoles/lOOml, 4.8 to 24 nmoles/
100ml and 3.5 to 19.7 nmoles/lOOml, respectively) established in the
nutrition laboratories at Oregon State University for these Be vitamers.
In addition, four of the six subjects (1, 2, 4 and 5) were either below
of just above the suggested level of marginal deficiency (2.2 nmoles/
100ml) for plasma pyridoxal S'-phosphate (39).
independent of the dietary period.

This occurred

The mean (±SD) calculated Be

intakes (21,22) for the two dietary periods were 1.8±0.3 mg/day on the
CD and 2.3±0.4 mg/day on the HCLFD.

Under controlled metabolic

conditions, the nutrient density of the diets were maximized, particularly in the present study where simple refined sugars were restricted.
Nutrient densities of the diets were also increased as a result of the
isocaloric substitution of carbohydrates for fats.

The increases in

vitamin B6 intake that occurred on the HCLFD were a result of these
factors, as well as a slight shift to more unrefined breads.
The studies of calcium metabolism are presented in Table 6.
There were no significant differences in serum calcium, urinary calcium,
phosphorus of cyclic AMP excretion between the two dietary periods (the
normal lab range for cyclic AMP is 2 to 5 nmoles/mg creatinine).
concentrations were all unremarkable.

These
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DISCUSSION
There are three major dietary considerations that must be taken
into account in the treatment of diabetes with high carbohydrate diets.
First is the palatability and acceptability of high carbohydrate diets
as they have been tested.

Second is the effect of the diet independent

of the amount of carbohydrate, that is, the type of carbohydrate
employed, and the difference in dietary fiber.

Finally, what

nutritional impact, if any, will occur as a result of dietary manipulations?

Many of the previous studies have fed diets not typically

available to or consumed by individuals with diabetes.

They relied

on formulas consumed at timed intervals (4,5), or mixed food diets with
liberal quantities of legumes (7,8), or fiber rich foods (3, 6-10).
One study, for example, provided 42% of total daily calories as
whole meal bread (3), while in another, 93% of the calories at breakfast
were derived from beans, 75% of the calories at lunch came from whole
meal bread, and dinner derived 75% of its calories from a combination
of legumes with 11% from whole meal bread (7).

As a population, we

do not typically consume large quantities of whole meal bread, guar,
or highly leguminous diets.

To accomplish this would require radical

changes in our present dietary patterns.
In the present study we fed high carbohydrate, low fat diets to
a group of young women with IDDM.

The diets conformed to a specific

composition with 65% of the calories as carbohydrates, 20% as fats,
and 15% as proteins.

Breads and grains contributed 52% of dietary

carbohydrates, fruits and vegetables 42%, and dairy products 6%.
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Subjects were allowed free choice in the selection of foods within each
calculated exchange group.

As a result, individuals selected menus

that contained 49% of the carbohydrates as complex and 51% as simple,
with 50 g of dietary fiber.

Similar proportions of complex and simple

carbohydrates were chosen during the control period.

Comparison of

the menus selected for the two dietary periods suggest that the subjects
complied to the increased dietary carbohydrates by simply increasing
the total quantities of carbohydrate-rich foods typically consumed.
The subjects that experimented with legumes, lentils and similar
unusual food items usually abandoned these choices within the first
week of the HCLFD period.

It is not surprising then that the types

and proportions of carbohydrates selected in the current study were
essentially identical to the estimated contribution of simple and
complex carbohydrates in the general population of the United States
(42).

They differ substantially, however, from the 75% complex, 25%

simple carbohydrate high fiber diets fed by Anderson et al. (8), or
the high complex carbohydrate high fiber diets used by others (3,7).
Thus the present study suggest that when individuals are given the
opportunity and responsibility for the selection of their own menus
which conform to specific compositions of carbohydrates and fat, they
choose diets much lower in complex carbohydrates and fiber content than
many used by other investigators.

Furthermore, their selections were

qualitatively different from many previous studies.

These are important

factors in eventually evaluating the palatability and acceptability
of particular high carbohydrate regimens.
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These findings raise a critical question.

Will diets differing

widely in the types of carbohydrates and fiber produce similar
results?

There have been many studies to date (43-47) on the effects

of specific types of carbohydrates and fiber on glucose and insulin
response curves.

Briefly, leguminous carbohydrates and fiber have been

shown to attenuate post-prandial plasma glucose response when compared
to other types of carbohydrates (43-47), and lower total daily glucose
excretion (46,47).

In addition, significantly higher fasting plasma

glucose and triglyceride concentrations have been demonstrated on high
carbohydrate, low fiber diets when compared to either high carbohydrate,
high fiber or control diets (8).

Similar effects to glycemic control

also occurred with increased fiber in typically western diets (48).
The present study with lower complex carbohydrates and fiber, showed
no quantitative improvements in glycemic control and significant
increases in fasting triglycerides during the high carbohydrate diet
(presented in Part II).

Therefore, it appears that the metabolic

response of individuals to dietary carbohydrates is somewhat independent of the quantitative aspects and more closely associated with the
qualitative properties of those carbohydrates.

The suggestion that

individuals with diabetes may choose not to make certain qualitative
choices might have a substantial impact on the eventual application
of high carbohydrate diets to the clinical management of diabetes.
Assessment of the nutritional adequacy of the proposed dietary
changes to the diets of persons with diabetes has been almost
universally neglected.

N

Recently, Anderson et al. (49) reported the
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mineral and vitamin status in 15 individuals with NIDDM treated with
high carbohydrate, high fiber diets for an average of 21 months.
study was limited to only a few vitamins and minerals

Their

and relied on

very indirect measurements or methods more representitive of recent
dietary intakes

than vitamin status per se.

A concern of ours in regards to the nutritional adequacy of the
mixed food high carbohydrate diets used previously relates to: 1)

the

apparent restricted nature and lack of variety in the foods consumed on
these diets; and 2)
in them.

the high quantities of dietary fiber incorporated

The Recommended

Dietary Allowances (RDA) established by the

National Academy of Sciences (15) was not designed to insure that the
nutrient needs of individuals with diabetes would be met.

However,

we believe they can be used as a guideline to assess the nutritional
adequacy of these diets.

The high carbohydrate diets reported recently

by Anderson et al. (8) meet

the current RDA, while the diets reported

by Simpson et al. (3) and Simpson et al. (7) do not, since they are
slightly below the recommendations for zinc, vitamin Bs, and riboflavin
and much below those recommended for vitamin A.

In addition, the

quantities of dietary fiber in these diets were 64, 78 and 97 g/day,
respectively.

The question of reduced biological availability of

dietary nutrients as a correlary to high fiber diets has been previously
raised (50).

Since recommended dietary intakes have not been established

for individuals with diabetes, and no biochemical assessments were
conducted concomitant with these studies, it is difficult to assess
the nutritional adequacy of these high carbohydrate, high fiber diets.
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The present study, therefore, provides needed information on the
nutritional impact of high carbohydrate diets in individuals with IDDM.
It is important to point out that the HCLFD used in the present study
contained a lower quantity of dietary fiber than those previously used.
The absence of significant differences coupled with the
quantitatively small improvements in nearly all nutritional parameters
tested while subjects were fed the HCLFD, suggest that the diet did not
produce any adverse effect.

Perhaps the increased nutrient density that

occurred with the isocaloric substitution of carbohydrate for fats
contributed to these small improvments.

A small but not significant

increase in the in vitro stimulation effect of transketolase activity,
suggests

an increased need for thiamin during the HCLFD.

This

occurred despite the increased dietary intake of thiamin during this
period.

The metabolic need for thiamin and riboflavin are associated

with carbohydrate metabolism.

Increasing the dietary intake of carbo-

hydrates may result in increased daily requirements for these nutrients.
Whole blood and plasma vitamin B6 and plasma pyridoxal 51phosphate concentrations were lower in this study compared to our
normal laboratory values.
be impaired in diabetes.

This suggests that vitamin B6 metabolism may
Three previous studies (51-53) have shown

significantly lower vitamin Be levels in individuals with diabetes.
Sebastian et al. (51) reported vitamin B6 deficiencies in 11 of 31
subjects with diabetes, and concluded that the severity of deficiency
was dependent on the degree of metabolic control.

They also observed

that insulin treated individuals had greater deficiencies than those
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treated with oral agents, although there was no association between the
amount of insulin injected and vitamin Be status.

In the present study,

there were no significant associations between serum glucose or glycosylated hemoglobin, and any of the measurements of vitamin Be status.
The failure of the present study to show significance may be a result
of the small number of subjects, the changes in dietary intakes of
vitamin Be between the two periods, or both.

The reason for lower

vitamin Be levels in diabetes is currently unknown.

However, Leklem

et al. (54) recently reported a significant stepwise decrease in plasma
vitamin B6 and pyridoxal 5'-phosphate values in nine non-diabetic
individuals administered a five hour oral glucose tolerance test.
The initiation of these changes occurred concomitant with the rise in
plasma glucose and insulin concentrations.
Subject 5 was taking a daily vitamin supplement containing 10 mg
of pyridoxine-HCL prior to entry into the study, and for the first two
weeks of the initial period (HCLFD).

Her mean whole blood and plasma

vitamin Be, and plasma pyridoxal S'-phosphate levels during this period
were 21.2, 13.8 and 12.1 nmoles/lOOml, respectively.

Therefore, it

appeared that vitamin B6 supplementation was able to maintain blood
levels within normal limits, and suggest that diabetes may impose a
state of relative deficiency in regards to vitamin B6.
The effects of increased dietary fiber on mineral absorption is
far from clear.

Recently, Rhienhold et al. (55,56) demonstrated

negative calcium and zinc balances on diets high in dietary fiber.
The ingestion of large quantities of whole wheat bread has also been
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implicated in the development of osteomalacia (57,58) and ricketts
(58,59).

Therefore, it seemed prudent to examine these minerals in the

present study.

Many tissues have been used to assess zinc status (serum

plasma, red cells, hair and urine).

Although the best method is still

speculative, the measurement of serum zinc is simple, and decreased
serum zinc concentrations are considered diagnostic for zinc deficiency
states in humans (60).

Serum zinc was not significantly different

between the two periods, and was within the reported normal range (38).
Thus it did not appear that the HCLFD altered zinc status.

During the

HCLFD, serum calcium was also maintained within normal levels and
urinary excretion of calcium, phosphorus, and cyclic AMP (a measurement
of parathyroid hormone activity at the level of the kidneys (61) ),
remained unchanged.

Calcium metabolism appeared unaltered by the high

carbohydrate, low fat diet.
This study provides practical information on the use of high
carbohydrate, low fat diets in persons with insulin dependent diabetes.
The subject-selected HCLFD resembled the usual American dietary
pattern in its 50/50 distribution of simple and complex carbohydrates,
and had a moderate (50 g) fiber content.

The HCLFD was well tolerated

and seems more likely to be acceptable to long-term clinical use than
many other high carbohydrate diets described in the literature (3,7,8).
In addition, the nutritional assessments conducted concomitant to
the study provide the first evidence, that we are aware of, of the
nutritional adequacy and impact of high carbohydrate, low fat diets in
the treatment of insulin dependent diabetes mellitus.

These assessment
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illuminate vitamin Be status as an area of concern in a population of
individuals who were consuming what would normally be considered a very
adequate intake of vitamin Be (2.3 mg/day).

The significance and

cause of lower vitamin Be levels in diabetes are uncertain, and
warrant further research.
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Table II-l
Subjects Characteristics
Duration of
Subject

*

Sex

Weight

Age

Diabetes

Height

yrs

yrs

cm

Initial

End

IBW
%

kg

1

F

24

23

155.0

58.8

58.6

108

2

F

28

14

151.0

46.5

48.1

88

3

F

22

16

159.5

64.1

63.4

112

4

F

29

10

154.0

51.8

50.9

96

5

F

31

23

171.0

66.1

64.7

102

6

F

21

3

155.5

61.7

62.5

113

Mean

26

15

157.7

58.0

58.3

103

± SD

4

8

7.1

7.3

6.9

10

IBW, Ideal Body Weight
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Table II-2
The Composition of the Control and Experimental Diets

Control Diet
Calories
Protein

*a

*a

Carbohydrates*3'b

84g (15%)t

Experimental Diet
2,135
81g (15%)

242g (45%)

347g (65%)

134g {55%)$

177g (51%)

108g (45%):}:

170g (49%)

96g (40%)

47g (20%)

Saturated

49g (20%)

llg (5%)

Monounsaturated

33g (13%)

16g (7%)

Polyunsaturated

7g (3%)

15g (6%)

Simple*0
*c
Complex
Fats

2,168

*a-d

*dd

P/S Ratio
Cholesterol*a,b
*c
Dietary Fiber

0.14

1.40

580mg

62mg

28g

50g

♦References
a 20
b 22
c 24
d 25
t

percent of total calories except where noted

t

percent of total carbohydrates
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Table II-3
Two Representative Daily Menus of the Control and Experimental Diets
*

Control Diet

I

(g)

Breakfast:

Poached Egg
Whole Milk
English Muffin
Butter
Orange Juice
Grapefruit

60
240
72
10
100
184

Snack:

Graham Crackers
Butter
Sliced Apple

15
10
80

Lunch:

Roast Beef Sandwich
Lean Roast Beef
White Bread
Whole Milk
Asparagus Tips
Mayonnaise
Blueberries

Snack:

Graham Crackers
Butter
Peach Nectar

Dinner:

Beef Burgundy
w/Noodles
Whole Milk
Cauliflower
Butter
White Bread
Unsw. Apricots

Snacks:

60
56
120
200
14
150

15
10
80
60
65
120
100
20
28
(end) 200

Dinner Roll
Butter
Unsw. Fruit Cocktail
(end)

30
10
100

II
Scrambled Egg
Whole Milk
White Toast
Butter
Orange Juice

60
240
56
25
100

80

Cottage Cheese
Unsw. Fruit Plate
Peaches (end)
Pears (end)
Dinner Roll
Butter
Apple Slices
Whole Milk

80
120

Fresh Orange
Vanilla Wafers

180
20

Lean Roast Beef
Mashed Potatoes
w/Fat Free Gravy
Whole Milk
White Bread
Butter
Mixed Vegetables
Unsw. Fruit Cocktail
(end)

75
100

Apple Juice
Vanilla Wafers

45% CHO, 40% Fat, 15% Protein, 580mg Cholesterol and 28g Fiber

50
50
30
15

120
28
15
100
200

80
20
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Table II-3

(cont)

Two Representative Daily Menus

(cont.)

Experimental Di et+
(g)

24
240
56
10
100
50

200
240
56
10
100

Breakfast:

Shredded Wheat
Skim Milk
Whole Wheat Toast
Corn Oil Margarine
Orange Juice
Banana

Snack:

Blueberry Muffin
Sliced Apple

Lunch:

Spaghetti
Tomato-Vege Sauce
Skim Milk
Whole Wheat Bread
Corn Oil Margarine
Broccoli
Grape Juice
Unsw. Peaches (end)

100
150
120
28
5
100
60
200

Ham Sandwich
Lean Ham
Whole Wheat Bread
Sliced Tomatoes
Mayonnaise
Skim Milk
Carrot Sticks
Broccoli
Unsw. Pears
(end)

Snack:

Graham Crackers
Strawberries

15
100

Sliced Apples
Vanilla Wafers

Dinner:

Roast Turkey
Steamed Potatoes
w/Fat Free Gravy
Skim Milk
Wheat Berry Roll
Corn Oil Margarine
L.C. Cranberry Juice
Green Beans
(end)
Carrot Sticks
Uswn. R.A. Cherries
(end)

75
100

Sweet & Sour Rice
White Rice
Vegetable Sauce
Whole Wheat Bread
Corn Oil Margarine
Skim Milk
Whole Corn (end)
Unsw. Peaches (end)
Lettuce Salad

130
195
28
10
120
100
100
35

Fresh Orange
Vanilla Wafers

180
20

Snacks:

t

Wheat Berry Roll
Corn Oil Margarine
Fresh Orange

Oatmeal
Skim Milk
Whole Wheat Toast
Corn Oil Margarine
Orange Juice

40
80

120
90
10
200
100
65
150
60
5
180

65% CHO, 20% Fat, 15% Protein, 62mg Cholesterol and 50g Fiber

75
56
65
14
120
85
100
100

80
20

Table II-4
Blood Levels of Thiamin, Riboflavin, Ascorbate, Vitamin E, Selenium and Zinc
in Six Women with IDDM Fed Control and High Carbohydrate, Low Fat Diets

Red Cell Transketolase
Hexose
Formed

Stimulation
CDl ED"

CD

ED

Red Cell
Glutathione
Reductase
CD

yg/ml/Hr

%

MEAN

5

8

1024

1085

± SD

3

3

118

111

ED
A.C.*

1 .059
0 .059

Plasma

Serum

Total
Ascorbate

Vitamin E

CD

ED

mg/100ml

CD

Whole Blood

ED

yg/ml

Serum
Zinc+

Selenium
CD

ED

CD

ED

yg/lOOml

yg/lOOml

1.034

1.18

1.26

14.2

15.7

22.0

22.0

89.4

86.6

0.031

0.10

0.17

3.0

3.1

3.0

3.0

14.9

11.1

Normal Values
Range
Reference

850-1000

0-15
28

0 .900-1.100
29

0.30-1.40

35

5-20

36

10-34

63-147

37

38

*
t

A.C., Activity Coefficient, reduction of absorbance with FAD/reduction of absorbance without FAD
n=5, subject 1 was deleted due to zinc contamination of sample

t

CD, control diet;

ED, experimental diet.
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Table II-5
Whole Blood and Plasma Vitamin B6 and Plasma Pyridoxal 5'-Phosphate
in Six Women with IDDM Fed Control and High Carbohydrate, Low Fat Diets
*

Subject

*

Whole Blood

PI asma

Vitamin Be

Vitamin B6

col

EDI

CD

Plasma1"
Pyridoxal 5' -Phosphate

ED

CD

ED

nmoles/100 ml

1

3.0

4.8

3.5

2.9

2.5

1.5

2

4.3

6.7

3.9

3.3

1.9

1.5

3

5.1

8.9

6.0

8.0

5.6

6.0

4

7.2

6.4

4.5

4.3

2.7

2.6

5

4.6

5.1

2.7

2.8

1.5

2.6

6

6.0

8.0

5.4

5.0

3.7

3.9

MEAN

5.1

6.7

4.3

4.4

3.0

3.0

± SD

1.5

1.6

1.2

2.0

1.5

1.7

*

Microbiol ogical analysis using Saccharomyces Uvarum, ATTCC 9080 (27)

t

Determined by tyrosine decarboxylase (30)

I

CD, control diet period; ED, experimental diet period
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Table II-6
Serum Calcium, and Urinary Calcium, Phosphorus and Cyclic AMP in Five
a.

Women with IDDM Fed Control and High Carbohydrate, Low Fat Diets
Serum

Urinary

Calcium
CD|

EDf

Calcium
CD

ED

Phosphorus
CD

Cyclic AMPt
CD
ED

ED

mg/lOOml

meq/24hr

mg/24hr.

MEAN

9.5

9.7

5.9

6.1

850

842

3.2

3.2

± SD

0.5

0.4

3.3

3.2

129

281

0.4

0.3

nmoles/mg Creatinine

*

n=5. Assessments not performed on subject 1

t
|

Normal laboratory range, 2-5 nmoles/ mg creatinine
CD, control diet; ED, experimental diet
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ABSTRACT
In the present study, six women with insulin dependent diabetes
mellitus (IDDM) were assigned to begin either a control diet (CD)
containing 45% of the calories as CHO, 40% fat, 15% protein and 580
mg of cholesterol (C) for four weeks, or a high carbohydrate, low fat
diet (HCLFD) with 65% CHO, 20% fat, 15% protein and 62 mg of C for
6 weeks.

All subjects completed both diet periods in a cross over

experimental design.

Individual menus were subject-selected from

calculated exchange lists consisting of conventional food items.
Fasting serum glucose (215 vs 213 mg/100 ml), pre-prandial
glucose (214 vs 200 mg/100 ml), urine glucose (36 vs 31 g/day) and
insulin dose (38 vs 38 lU/day) were not significantly different
between the CD and HCLFD, respectively.

Total plasma-C decreased

from 201 to 156 mg/100 ml (p<.05) on the HCLFD, while total triglycerides (TG) increased from 96 to 115 mg/100 ml (p<.01).

During the

HCLFD, VLDL-C increased from 17 to 21 mg/100 ml (p<.05), LDL and HDL
decreased from 126 to 90 mg/100 ml (p<.05) and 50 to 39 mg/100 ml
(p<.05), respectively.

LDL-C/HDL-C and total C/HDL-C ratios were

lower but not significantly different, VLDL-TG increased from 59
to 76 mg/100 ml (p<.001), and LDL-TG and HDL-TG were unchanged.
The present study demonstrated no adverse effect of HCLFD on glycemic
control or insulin dose in IDDM, and demonstrated a potentially
beneficial lowering of plasma and LDL-cholesterol which appeared
independent of glucose control.
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INTRODUCTION
Cardiovascular and peripheral vascular disease (CPVD) has
become the leading cause of death in the diabetic population (1).

In recent years, studies have shown that the incidence and prevalence
of CPVD are positively correlated with plasma and low density
lipoprotein (LDL) cholesterol, and negatively correlated with high
density lipoprotein (HDL) cholesterol (2-4).

In light of this, and

since studies now suggest that high carbohydrate diets lower plasma
and LDL cholesterol without adversely affecting glycemic control in
non-insiilin dependent diabetes (NIDDM), the American Diabetes
Association (ADA) has recommended the "liberalization" of carbohydrates
in the diets of all persons with diabetes.
The effect of high carbohydrate diets, although widely tested
in NIDDM (6-14), has not been adequately tested in insulin dependent
diabetes (IDDM).

There was no reason to assume a priori that these

very different forms of diabetes would respond similarly to increased
dietary carbohydrates.

Furthermore, data concerning plasma lipoprotein

concentrations in IDDM are only partially complete and generally not
in agreement.

They show increased LDL cholesterol with either

decreased HDL cholesterol (15,16), similar HDL cholesterol (17,18) or
increased HDL cholesterol (19,20) when compared to non-diabetic
controls.
The present study was designed to investigate the efficacy of
the "liberalization " of dietary carbohydrates in the treatment of
persons with IDDM, particularly with regards to blood glucose control
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and the distribution of cholesterol and triglycerides among lipoprotein fractions.

Data on the nutritional adequacy and composition

of these diets are presented elsewhere (Part I).
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MATERIALS AND METHODS
Materials and methods are fully described in Part I, and are
only breifly explained here.

Subjects.

Six women with IDDM were studied for ten weeks each in the

Clinical Research Center (CRC).

The diagnosis of IDDM was based on

recently developed criteria (21).

Mean (±SD) age was 26±4 years,

duration of diabetes was 15±8 years.

Aside from diabetes all subjects

were in good health, except subject 2, who had familial hypercholesterolemia.

Experimental Design.

The study was divided into four week control

and six week experimental periods.

A cross-over experimental design

was used in which subjects 1, 2 and 6 began with the control diet (CD),
and subjects 3, 4 and 5 began with the experimental diet (HCLFD).
All subjects completed both periods.

Diabetic Management.

Subjects were free living adults and assumed

major responsibility for their insulin management.

All subjects took

two or more insulin injections daily during the study.

Subject 2 was

switched to a two dose regimen on entry into the study, while the rest
continued with their usual regimens.

Optimization of glycemic control

was not aggressively pursued, but an effort was made to keep subjects
free of symptoms and without excess glucosuria.
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Diets.

Seven day rotating menus were prepared for each dietary

period.

Individual menus varied and were selected by the subjects

from calculated exchange lists.

The control diet provided 45% of

the energy from carbohydrates, 40% from fat, 15% from protein, and
approximately 580 mg of cholesterol and28 g of dietary fiber.

The

high carbohydrate low fat diet provided 65% of the calories from
carbohydrates, 20% from fat, 15% from protein, and approximately
62 mg of cholesterol and 50 g of dietary fiber.

Biochemical Analyses.

Fasting venous blood was collected every four

days in evacuated tubes containg disodium-EDTA.

The plasma was

immediately separated and a portion subjected to sequential density
gradient ultracentrifugation to separate very low density lipoproteins
(VLDL), LDL and HDL fractions (22).

The remaining plasma was stored

at 40C until ultracentrifugation was complete.

Cholesterol and

triglycerides were quantitated simultaneously from isopropranol
extracts in the presence of zeolite mixture using Lipid Clinics AAII
procedures (23).
Serum samples were obtained before breakfast (fasting), lunch and
dinner one day per week for glucose determination.
analyzed by a Beckman Glucose Analyzer (24).

Glucose was

Corresponding to these

samples, total glycosylated hemoglobin was determined on fasting
samples by a colormetric method (25).

Urinary glucose was determined

daily on complete 24 hr. collections using a Beckman Glucose Analyzer.
Clinitest® tablets (Ames Company, Elkhart, IN.) were used to
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quantitate urine glucose and ketones collected

after single void

four times per day throughout the study.

Statistics.

The results are expressed as mean ±SD.

Analysis of

variance (ANOVA) for cross-over design (26) was used to determine
significant differences in group totals between the two dietary periods,
ANOVA for applied linear regression models were also conducted to test
the associations between glycemic control and lipoprotein lipids.
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RESULTS
Diabetic Management.

Serum glucose, glycosylated hemoglobin, urinary

glucose and insulin dose values are presented in Table 1.

The mean

values represent samples obtained during the last two weeks of each
period.

Serum glucose expressed either as fasting or mean of pre-

prandial values showed great individual variability.

There were no

significant differences in group mean serum glucose, either fasting
or pre-prandial, between the two dietary periods.

Glycosylated hemo-

globin levels did not differ between the two periods, with group mean
values of 10.3 and 10.5% on the CD and HCLFD, respectively.

Likewise,

there were no significant differences in daily urine glucose excretion
between the two periods, despite the fact that dietary carbohydrates
increased from 242 g on the CD to 347 g on the HCLFD.

The proportion

of pre-prandial single void semi-quantitative urine tests read as
negative or greater than 2% were similar, with 45% vs 43% negative
and 25% vs 28% greater than 2%.

Insulin dose varied slightly or not

at all in four of the six subjects between the two dietary periods.
The group mean insulin dose was identical for the two periods.

Plasma Lipids.

Sequential changes in total plasma cholesterol and

triglycerides are presented in Figure 1.
points to consider.

There are several important

First, the HCLFD resulted in the immediate

reduction of plasma cholesterol.

The initial responses were similar

in all subjects, with the lowest values occurring between day 12 and
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day 20.

Second, individual response patterns differed after day 20,

but in general cholesterol rose slightly over the next four to eight
days and then remained stable for the duration of this period.

The

increase in plasma cholesterol which occurred after the fourth week
suggest that adaptation to the dietary changes were not complete until
this time.

Thus previous studies of shorter duration may have resulted

in the overestimation of the hypocholesterolemic effect of high
carbohydrate diets.

Third, the HCLFD produced a slight elevation of

plasma triglycerides which remained elevated during this period,
although they appeared to be returning toward control levels during
the last two weeks.

The two spikes seen at day 8 and 40 can be

explained in both cases by greatly elevated concentrations for
single individuals.

On day 8, subject 2 had a triglyceride value

of 348 mg/100 ml, and on day 40 , subject 6 had a triglyceride value
of 283 mg/100 ml.

In each case, an increase in VLDL triglyceride

was responsible for raising the mean triglyceride value.

Neither

of these two peak days were used in calculating means for the last
two weeks, since day 8 fell outside the two week period and day 40
represents an additional sampling day during the HCLFD period.
Total and individual plasma cholesterol values are presented in
Table 2 and Figure 2.
for comparison.

The last two weeks of each period were used

Individual values represent the mean of four samples

obtained during each of the two periods.

Mean plasma cholesterol

was significantly lower (p<.05) on the HCLFD.
varied considerably.

Individual responses

Subjects 3 and 4 who initially responded to
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dietary changes, returned to pre-study values by the last two weeks of
each period.

In contrast to the others, these individuals generally

maintained plasma cholesterol levels below 140 mg/lOOml throughout
the entire study.

In all other subjects, including subject 2 with

Type Ila hyperlipoproteinemia, plasma cholesterol was markedly reduced
during the HCLFD.
Four of the five normo-lipidemic subjects (1, 3, 4 and 5)
achieved stable total plasma cholesterol concentrations below 140
mg/lOOml by the fourth week

of the HCLFD (Figure 2).

The other normo-

lipidemic individual (subject 6) likewise had a relatively low mean
total plasma cholesterol during this period, and the hypercholesterolemic individual (subject 2) achieved a 25% reduction in total plasma
cholesterol from 316 to 235 mg/lOOml.

As a group, VLDL cholesterol

was significantly higher (p<.05), while mean plasma LDL and HDL
cholesterol concentrations were both significantly lower (p<.05).
LDL/HDL cholesterol and total plasma/HDL cholesterol ratios were both
lower on the HCLFD, but the difference was not significant.
Results of plasma triglycerides are presented in Table 3.
Total plasma triglycerides and VLDL triglycerides were significantly
higher on the HCLFD (p<.01 and p<.001, respectively).

As illustrated

in Figure 3, total plasma triglycerides were elevated in all individuals
except subject 1 during the HCLFD.

Differences from control period

concentrations ranged from 14 mg/lOOml in subject 5 to 38 mg/lOOml
in subject 4.

Mean total plasma triglyceride concentrations for all

individuals remained within currently accepted limits of normal.
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DISCUSSION
The treatment of diabetes with diets high in carbohydrates is
not a recent development (27,28), although the renewed emphasis is
sometimes viewed as novel.

Recent studies differ widely in the

composition of the high carbohydrates diets used.

Those studies

showing the greatest effects (7,11-14) have relied on diets somewhat
contrived in their complex carbohydrate and fiber content when
compared to diets typically consumed by the general population.
Recently, the palatability and acceptability of these diets have been
seriously questioned (29).

We have studied the effects of subject-

selected high carbohydrate, low fat diets in six women with IDDM.
The composition of these diets (Part I) differed substantially from
those previously used. The results of the present study clearly
demonstrate that fasting and pre-prandial serum glucose, glycosylated
hemoglobin, glucosuria and insulin dose were not significantly
affected by an increase in dietary carbohydrates.

At the same time,

total plasma, LDL and HDL cholesterol concentrations were significantly
lower.

These changes in cholesterol occurred despite unchanging

glycemic control and thus were independent of glycemic control.
Finally, the HCLFD used in this study produced a significant though
modest elevation of fasting plasma and VLDL triglycerides which had
not fully returned to baseline by the end of the six week HCLFD period.
Our observations that overall glycemic control was not significantly altered by increased dietary carbohydrates are similar to the
findings of previous studies in IDDM (8,30,31) and severe insulin
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treated NIDDM (8).

In contrast, Simpson et al. (11) showed improved

pre- and post-prandial glucose and mean daily glucose concentrations
and less glucosuria in nine individuals with IDDM treated with high
carbohydrate, leguminous fiber diets.

However, these individuals

did not differ significantly in fasting glucose, glycosylated hemoglobin or daily insulin dose, and in this respect their data are
consistent with ours.

In their study legumes accounted for 41% of

the total daily calories and 64% of the 97 g of dietary fiber, while
whole meal bread accounted for 37% of the calories and most of the
remaining fiber.
Recently, Jenkins et al. (32) have shown that both mean peak
rise in blood glucose and total area under the glucose curve were at
least 45% lower ^hen normal volunteers consumed legumes than when
they consumed grains, cereals or tuberous vegetables.

The addition of

leguminous fiber to the diets of persons with diabetes has also been
shown to reduce glucosuria (33).

Therefore, the difference in glycemic

control between Simpson et al. (11) and the present study, that is,
pre- and post-prandial glucose and glucosuria, may be explained by the
selection of legumes as the major source of carbohydrates.

The very

high fiber content of their diet as well, could have contributed to
these differences.

Miranda and Horwitz

(34) studied the effects of

increased fiber in eight individuals with IDDM while dietary carbohydrate content was held constant.

They showed that mean daily glucose

concentrations were significantly lower and fasting glucose unchanged
when fiber was increased.

The reason for lower ambient glucose
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concentrations on high fiber diets is not presently known.

Increasing

evidence (35,36), however, suggest that fiber may influence absorption
rates, and thus produce a flatter post-prandial glucose response
curve.

Although the

response of individual with IDDM to high carbo-

hydrate diets may not be comparible to that in NIDDM, a recent study
in NIDDM produced similar findings.

Anderson et al. (12) studied the

effects of high carbohydrate diets with high fiber and low fiber
content in thin insulin-treated individuals with NIDDM.

The diet

composition was similar in the two diets except for the fiber content.
Their results show a significant difference in fasting glucose between
the two diets, while no significant difference was noted between the
high carbohydrate, low fiber and a control diet.

Thus it appeared that

increased fiber rather than increased carbohydrates was responsible
for the improvements in diabetic control in these individuals with
NIDDM.
Our findings that insulin dose was not significantly changed
with increased carbohydrates is consistent with most other studies in
IDDM (8,11,31) and NIDDM (6-10), but differed from those of Simpson
et al. (30) in IDDM and Anderson and colleagues (12-14) in NIDDM.
Simpson et al. reported significant reductions in daily insulin
dose in 12 individuals with IDDM fed 60% carbohydrate high fiber
diets.

The slight reductions (51±8 vs 49±9 lU/day mean ±SEM) were

principally accounted for by the reduction of the evening injection,
with no significant improvements in overall glycemic control.
significance of this finding is presently unclear.

The

In a more recent
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study, these investigators demonstrated significant improvements in
overall glycemic control without reduction of insulin dose in nine
individuals with IDDM treated with 60% carbohydrate leguminous
fiber diets (11).
Anderson's group (12-14) was able to reduce or eliminate
insulin or oral agents in approximately 50% of their patients
treated with high carbohydrate, high fiber diets. In the treatment of
NIDDM, however, hypoglycemic therapy is often subjectively applied.
Thus objective interpretations are difficult.

The significance of

a reduction or elimination of hypoglycemic therapy in the context of
their experimental protocol is difficult to evaluate.

Their studies

were designed so that all subjects began with the control diet and
then proceeded to the high carbohydrate, high fiber diets.

The failure

to randomize experimental treatments does not allow them to account
for any ordered effect that may have occurred.

This is important since

changes in hypoglycemic therapy were introduced on the high carbohydrate
diets.

In addition, the average energy provided by their diets (1800-

1900 Kcal) is approximately 31% below that currently recommended by
the National Research Council (2700 Kcal) for males between 23 and
50 years (37).

The fact that significant weight loss was seen in

only one study (13) is a bit surprising, and may be partly due to the
short duration of the experimental periods (7 to 16 day average).
The beneficial effects of caloric restriction in the treatment of
diabetes is now well documented in NIDDM (38,39).
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While there is a controversy surrounding the response of
triglycerides to high carbohydrate diets, this is not true for plasma
cholesterol.

The reduction of plasma cholesterol demonstrated on the

present study agrees with previous studies in persons with diabetes
(7,11-14,30,31).

The decrease in total cholesterol was accompanied by

reductions in both LDL and HDL cholesterol.

These reductions most

likely resulted from decreased fat and cholesterol intake on the
high carbohydrate diet.

Lower total plasma and LDL cholesterol levels

can certianly be viewed as beneficial in terms of an anti-atherogenic
potential.

However, since HDL cholesterol has a negative association

with the incidence of vascular disease (2-4), the effects of a
concomitant reduction in HDL are less clear.

Presently, it is not well

understood whether HDL cholesterol alone, or the ratio of LDL to HDL
cholesterol, or total plasma to HDL cholesterol best defines this
relationship to the increased risk for vascular disease.

In the

present study, LDL/HDL cholesterol and total plasma/HDL cholesterol
ratios were unchanged.

In addition, the mean HDL cholesterol on the

HCLFD does not differ from studies (41-43) with non-diabetic
individuals who habitually consume diets higher in carbohydrates and
lower in fats and cholesterol.

It is possible that reduced HDL

cholesterol resulted from the interaction between HDL and VLDL
particles.

Very low density lipoprotein triglycerides were signif-

icantly higher during the high carbohydrate feeding.

The decline of

HDL cholesterol accompanying an increase of VLDL triglycerides has
been suggested to reflect the interchange of cholesteryl esters and
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triglycerides between HDL and VLDL particles, and does not necessarily
represent a reduction in the concentration of the HDL particle
per se (44,45).
One potential disadvantage in the treatment of diabetes with
high carbohydrate diets is the increase in fasting triglycerides.
All subjects studied here had normal fasting triglycerides, and the
increase on the HCLFD did not seem quantitatively impressive.

The

issue of whether elevated plasma triglycerides contributes to the
risk of cardiovascular morbidity and mortality of the general
population remains unsettled (46,47).

Studies in persons with

diabetes, however, have shown that hypertriglyceridemia appears more
frequently than hypercholesterolemia in diabetic populations with
CPVD (48,49).

In light of this we cannot easily dismiss the clinical

appearance of elevated triglycerides in persons with diabetes.
Most studies employing high carbohydrate diets with low or
moderate amounts of fiber (8,12,50), have shown significant increases
in fasting triglycerides.

Recently, high carbohydrate, low fiber diets

(12) were shown to lead to significantly higher fasting triglyceride
concentrations when compared to high carbohydrate, high fiber diets
of similar composition, or control diets.

Thus high fiber diets

appear to attenuate the hypertriglyceridemic effect of high carbohydrate diets.

The lower quantities of dietary fiber consumed on the

present study may have facilitated the elevation of triglycerides
on the HCLFD.
The elevation of fasting triglycerides in response to increased
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dietary carbohydrates has been shown to be temporary in nondiabetic individuals (51).

It has been suggested that this might

also apply in NIDDM (8), although no direct evidence in diabetes
exist.

In the present study mean fasting triglycerides appeared to

be returning towards control values after the fourth week on the
HCLFD.

However, they never became stable enough to draw any conclu-

sions about the transient nature of triglycerides in IDDM.

Studies

of longer duration might be necessary to settle this important
question.
The present study showed no adverse effects of HCLFD on glycemic
control in IDDM.

Furthermore, it demonstrated a potentially benefi-

cial lowering of total plasma and LDL cholesterol, independent of
glycemic control.

The improvements in glycemic control and main-

tanence of fasting triglycerides shown on high carbohydrate, high
fiber diets were not demonstrated here.

To achieve the improvements

in glycemic control and maintanence of normal fasting triglycerides
demonstrated by previous studies may require more drastic alterations
of the type and quantities of carbohydrate and fiber content than
these self-selected HCLFD provided.

We have suggested (Part I)

that the practical application of high carbohydrate diets to the
clinical management of diabetes may result in diets lower in complex
carbohydrates and fiber than those previously tested, and it would
not be expected to lead to significant improvements in glycemic
control in IDDM.

Nevertheless, the present study suggests that

the liberalization of carbohydrates recommended by the American
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Diabetes Association would be effective in the treatment of persons
with IDDM, as long as fasting triglycerides are monitored and remain
within acceptable limits.
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Table III-l
Subject

Characteristics
Duration of

Subject

Sex

Ideal Body
Weight

Age

Diabetes

yrs

yrs

1

24

23

108

2

28

14

88

3

22

16

112

4

29

10

96

5

31

23

102

6

21

3

113

Mean

26

15

103

± SD

4

8

10

%

Table III-2
Fasting and Pre-prandial Serum Glucose, Glycosylate Hemoglobin, Insulin Dose, and Urinary Glucose
Excretion in Six Women with IDDM Treated with Control and High Carbohydrate, Low Fat Diets
Serum
Subject

Fast:ing

CD*

ED*

Glucose

Glycosylated

Pre- prandial

Hemoglobin

CD

CD

ED

%Hb

mg/lOOml

*

ED

Insulin
Dose

CD

Fractionals QID

Urine

ED

lU/day

CD

ED

>■2%

Neg

Glucose

CD

ED

CD

ED

% Total

g/24hr.

1

337

258

271

240

8.7

8.1

49

52

23

41

46

20

37

46

2

67

215

137

203

10.5

9.9

19

19

11

9

44

55

6

9

3

102

115

89

161

10.7

12.3

50

52

17

23

74

74

13

9

4

252

336

281

292

11.0

11.6

28

30

37

27

46

34

38

43

5

301

202

298

160

11.4

11.2

38

37

84

49

4

13

39

41

6

230

153

210

142

10.6

10.0

41

35

45

39

57

63

14

20

MEAN

215

213

214

200

10.3

10.5

38

38

36

31

45

43

25

28

± SD

108

78

85

58

0.8

1.5

12

13

27

15

23

25

15

17

CD, control diet;

ED, experimental diet.
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Table III-3
Plasma Lipoprotein Cholesterol Concentrations in Six Women
with IDDM Fed Control and High Carbohydrate, Low Fat Diets
Control Diet
Subject

Total

VLDL

LDL

LDL
HDL

HDL

mg/lOOml

(

Experimental Diet

T-C
HDL

Total

LDL

mg/lOOml

(

)

VLDL

HDL

LDL
HDL

T-C
HDL

)

1

215

17

134

48

2.84

4.20

138

20

78

36

2.17

3.73

2

316

24

210

52

4.09

5.55

235

31

136

39

3.56

5.36

3

139

11

77

39

2.00

3.29

139

13

77

38

2.01

3.36

4

132

14

74

44

1.69

3.01

129

19

66

45

1.52

2.96

5

207

23

138

50

2.78

4.23

139

22

84

33

2.57

4.22

6

194

15

124

64

1.94

3.17

154

18

96

45

2.14

3.53

MEAN

201

17

126

50

2.56

3.91

156+

21+

90+

39+ 2.33

3.86

± SD

66

5

50

8

.89

.28
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6

25

5

*

Individual values represent the mean of four samples obtained during the last
two weeks of each period
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Mean total plasma cholesterol concentrations in six
women with IDDM during the last two weeks of a control
and high carbohydrate, low fat diet.

Table III-4
Plasma Lipoprotein Triglyceride Concentrations in Six Women
*

with IDDM Fed Control and High Carbohydrate, Low Fat Diets
Control Diet
Subject

Total

VLDL

LDL

Exp<arimental1 Diet

HDL

Total

mg/100 ml

VLDL

LDL

HDL

mg/100 ml

1

111

64

25

10

113

84

28

15

2

112

63

32

12

134

79

37

16

3

53

30

18

9

77

49

25

17

4

70

44

14

8

108

65

26

16

5

131..

89

29

9

145

97

24

9

6

98

65

14

14

116

80

20

5

Mean

96

59

22

10

115t

76$

27

13

± SD

29

20

8

2

23

17

6

5

*

Individual values represent the mean of four samples obtained during the last
two weeks of each period

t
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107
CHAPTER IV
Plasma Apoprotein and Lipoprotein Concentrations
in Insulin Dependent Diabetes

By
Clarie B Hollenbeck, William E Connor, James E Leklem
Matthew C Riddle and Petar Alaupovic

From the Department of Foods and Nutrition
Oregon State University
Corvallis, Oregon 97331
Department of Medicine
Oregon Health Sciences Center
Portland, Oregon 97201
and
Laboratory of Lipid and Lipoprotein Studies
Oklahoma Medical Research Foundation
Oklahoma City, Oklahoma 73104

Address correspondence and reprint request to:
Dr.. James E Leklem
Department of Foods and Nutrition
Oregon State University
Corvallis, Oregon 97331
Supported in part by funds from the General Clinical
Research Center Program (RR-334) of the Division of
Research Resources, National Institutes of Health,
NIH Biomedical Research Support Grant RR-0709 and
The Medical Research Foundation of Oregon
Prepared for submission to: Metabolism

108
ABSTRACT
Alterations in lipoprotein metabolism have been suggested to
explain the increased incidence of vascular disease in diabetes.
However, no comprehensive data on lipoprotein or apoprotein (Apb)
concentrations have been reported.

Therefore, six women with insulin

dependent diabetes mellitus (IDDM) were studied on control diets (CD)
for four weeks, and cholesterol lowering high carbohydrate, low fat
diets (HCLFD) for six weeks, in a crossover experimental design.
Fasting serum glucose (216 vs 225 mg/100 ml), insulin dose
(37 vs 37 ID/day) and glycosylated hemoglobin (10.3 vs 10.5% Hb)
were not significantly different between the CD and HCLFD, respectively.

Plasma cholesterol (200 vs 153 mg/100 ml; p<.05), LDL cholesterol

(125vs90 mg/100 ml; p<.05) and HDL cholesterol (49 vs 38 mg/100 ml;
p<.01) were all significantly lowered with the HCLFD.

Similarily,

Apo AI (126 vs 106 mg/100 ml; p<.001), Apo B (90 vs 67 mg/100 ml;
p<.01) and Apo CIII (10 vs 8.2 mg/100 ml; p<.05) were also significantly reduced during this period.
Regression analysis showed no association between serum glucose,
glycosylated hemoglobin or insulin dose and either lipoprotein or
apoprotein concentrations, on either diet period.

Significant

associations, however, were noted in total plasma cholesterol and
both LDL-cholesterol (R=0.995 and 0.957; p<.001) and Apo B (R=0.932;
p<.01 and 0.909; p<.05), and LDL-cholesterol and Apo B (R=0.954 and
0.946; p<.005) during the CD and HCLFD, respectively.
The present study provides needed data on apoprotein concentra-.
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tions in individuals with IDDM.

It further demonstrates that both

apoprotein and lipoprotein concentrations were subject to changes
by dietary intervention.

These levels are within normal limits

currently reported in non-diabetic populations under similar dietary
conditions.

no
INTRODUCTION
The prevalence of cardiovascular and peripheral vascular
disease (CPVD) among persons with diabetes has been estimated to
be two or three times higher than that seen in the general population (1,2).

Hypercholesterolemia is also increased in diabetes,

particularly among young persons with insulin dependent diabetes
mellitus (IDDM)(3,4).

Moreover, glucose intolerance and elevated

plasma cholesterol have been regarded as risk factors in the
development of CPVD (5).

The degree of dependence or independence

of these factors is still unclear.

However, it is generally believed

that diabetes potentiates the risk of hypercholesterolemia.
Currently renewed attention is being directed toward the treatment
of diabetes with high carbohydrate diets (7-10).

Although the

effects of these diets on glycemic control remains controversial,
most investigators agree that they reduce plasma and LDL cholesterol
and may thus reduce the risk for CPVD (6-9).
Abnormalities in lipoprotein metabolism have been suggested
as one possible explanation for the increased incidence of CPVD
in diabetes (10).

Furthermore, evidence has been presented that

suggests that plasma apoproteins may be equally or more sensitive
than plasma lipoproteins as indicators of risk for CPVD (11-12).
Adequate studies, however, of lipoprotein and apoprotein patterns
in diabetes under defined dietary conditions are largely lacking.
Since no comprehensive data on lipoprotein and apoprotein concentrations have been reported in diabetes, we have studied these
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parameters in six women with IDDM treated with both typical western
diet (CD) and a high carbohydrate, low fat diet (HCLFD) designed
to lower plasma cholesterol levels.

The purpose of this study was

to provide initial data on apoprotein concentrations in IDDM, and to
investigate the changes in lipoprotein and apoprotein patterns as
a result of high carbohydrate, low fat diets.
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MATERIALS AND METHODS
Subjects.

Six women with IDDM (five normal and one with hyper-

lipidemia) were studied in the Clinical Research Center (CRC) for
ten weeks.

The diagnosis of IDDM was based on recently developed

criteria (13).

Mean (±SD) age was 26±4 years and duration of

diabetes was 15±8 years.
103±10%.

The percentage of ideal body weight was

Subjects were free living adults and assumed major respon-

sibility for their insulin management.

All subjects took two or more

injections of combined short acting and intermediate acting insulin
daily during the study.

Aside from IDDM, the subjects were in good

health and free from any complicating illness, except subject 2
who had familial type I la hyperlipoproteinemia.

Experimental Design.

The study was divided into four week control

and six week experimental periods.

After informed consent was

obtained, subjects 1, 2 and 6 were assigned to begin the CD, and
subjects 3, 4 and 5 were assigned to begin the HCLFD.

All subjects

completed both dietary periods in a crossover experimental design
(14).

Body weights were obtained daily.

Fluctuation of weight

over the ten week periods ranged from 0.9 to -1.4 kg, with no
significant difference in mean value between the two dietary periods.
Fasting venous blood was obtained every four days in evacuated
tubes containing NAg-EDTA.

Plasma was immediately separated and

a portion subjected to sequential density gradient ultracentrifugation to isolate VLDL, LDL and HDL fractions (15).

The remaining
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plasma was stored at 40C until ultracentrifugation was complete.
Cholesterol and triglycerides were quantitated simultaneously from
isopropranol extracts in the presence of a zeolite mixture (16).
Two ml of fresh plasma was preserved with 20 yl of a 10% w/v
solution of Thimerisol (ethylmercurithiosalicylate, Sigma Chemical
Co, St. Louis, MO) and immediately frozen for apoprotein analysis.
Apoproteins AI, All, B, CIII and E were determined on total plasma
samples by electroimmunoassay (17).
On days corresponding to lipid bloods, fasting serum was
obtained for glucose and glycosylated hemoglobin determinations.
Glucose was analyzed by the glucose oxidase system in a Beckman
Glucose Analyzer (18).

Total glycosylated hemoglobin was determined

by a modification of the Fluckiger and Winterhalter method (19).
Two samples collected during the last two weeks of each period were
used for comparison.

Diets.

Mixed food diets were provided by the CRC.

Individual menus

varied and were selected by the subjects from calculated exchange
lists.

They consisted of conventional food items easily available

to and consumed by the general population.

Control diets provided

45% of the energy from carbohydrates, 40% from fat (P/S 0.14),
15% from proteins, and approximately 580 mg of cholesterol and 28
g of dietary fiber.

The HCLFD provided 65% of the energy from

carbohydrates, 20% from fats (P/S 1.40), 15% from proteins, and
approximately 62 mg cholesterol and 50 g of dietary fiber.

Dietary
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consumption records were kept and dietary consumption was estimated
to be between 92 and 103 percent.

Statistical Analysis.

Data are expressed as mean ±SD.

Analysis

of Variance (ANOVA) for crossover design (14) was used to determine
differences in group totals between the two periods.

ANOVA for

applied linear regression models was conducted using a HewlettPackard model 10 calculator (Hewlett-Packard, Loveland, CO).
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RESULTS
The results of serum glucose, insulin dose and glycosylated
hemoglobin are presented in Table 1.

Glycemic control during both

dietary periods was only moderate, but subjects were essentially
asymptomatic during the study.

There were no significant differences

in any of the parameters used to evaluate glycemic control.

Daily

insulin dose was identical during both periods.
Total and individual plasma cholesterol and triglyceride values
are presented in Table 2.

Mean plasma cholesterol was significantly

lower (p<.05) on the HCLFD.

The reduction of total cholesterol was

accompanied by significant reductions in LDL (p<.05) and HDL (p<.01)
cholesterol.

Those individuals with the highest pre-study total

cholesterol concentrations (not shown) experienced the greatest
decline in plasma cholesterol on the HCLFD.

Fasting total and VLDL

triglycerides were significantly higher during the last two week
period of the HCLFD (not shown).

However, the mean values of these

fractions were not significantly different on those days apoproteins
were assessed (Table 2).
Total plasma apoprotein concentrations are presented in
Table 3.

Apo AI was significantly lower (p<.001) while Apo All

was unchanged.

As a result, the Apo AI/AII ratio was also signifi-

cantly reduced (p<.01).

Further, significant reductions were seen

in Apo B (p<.01) and Apo CIII (p<.05), while Apo E concentrations
were not significantly different on the HCLFD.

The alterations in

lipoprotein concentrations matched corresponding changes in apoprotein
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concentrations.

There were no significant differences in the ratios

of plasma HDL-cholesterol/Apo AI or LDL-cholesterol/Apo B between
the two periods.
Linear regression analysis (Table 4) demonstrated significant
associations between total plasma cholesterol/LDL-cholesterol
(p<.001; p<.001), total plasma cholesterol/apoprotein B (p<.01;
p<.05) and LDL-cholesterol/apoprotein B (p<.01; p<.005) on the CD
and HCLFD, respectively.

The correlations between HDL-cholesterol/

apoprotein CIII and VLDL-triglycerides/Apo CIII were also strong,
although not significant.

There was no correlation between fasting

glucose, glycosylated hemoglobin or insulin dose, and lipoprotein
or apoprotein concentrations for either of the two dietary periods.
Table 5 summarizes pertinent data on lipoproteins and apoprotein
concentrations in the five normolipemic subjects (subjects 1, 3,
4, 5 and 6), and compares them with appropriate literature values
in two non-diabetic populations (20,21).

The patterns in the changes

between the two dietary periods in the present study do not appear
to differ from those presented in Tables 2 and 3.

The statistical

significance of these changes, however, was slightly different
reflecting the nature of the Type Ila phenotype, and the loss of one
degree of freedom.
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DISCUSSION
The question of whether individuals with diabetes have altered
metabolism of plasma lipoproteins is still unclear.

The present

study was carried out to provide comprehensive data on lipoprotein
and apoprotein concentrations in IDDM during the consumption of both
a typical "American diet" and a high carbyhydrate, low fat diet of the
type currently recommended by the American Diabetes Association (22).
We present evidence in a group of young women with IDDM that plasma
lipoprotein (23), as well as apoprotein (17,24) concentrations do
not differ from the general population while consuming a controlled
"American" diet.

The concentrations of both lipoproteins and apo-

proteins were subject to changes by diet intervention.

The resultant

concentrations appeared similar to non-diabetic populations consuming
similar high carbohydrate, low fat, low cholesterol diets (20,21).
Apoprotein concentrations on both the control and HCLFD are
within the normal ranges compiled and reported previously (17).

The

reduction of apoproteins on the HCLFD correlated well with the
reduction of their respective lipoprotein classes (Table 4).

The

lowering of HDL concentrations by high carbohydrate diets has been"
previously reported in non-diabetic populations (25,26).

HDL

catabolism has been shown to be increased on high carbohydrate diets,
and this has been proposed to play a major role in the regulation of
plasma HDL concentrations (25).

Alterations in HDL protein concentra-

tions are indicated by the significant differences in Apo AI/AII
ratios.

These ratios were significantly lower on the HCLFD.

The
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decrease was a direct result, in all cases, of lower Apo AI levels.
Lower Apo AI/AII ratios on high carbohydrate diets have also been
demonstrated in non-diabetic populations (25).

The only published

data thus far on Apo AI and All concentrations in IDDM (27) showed
increased Apo AI/AII levels in both men and women when compared to a
control population.

Although the Apo AI concentrations reported in

the women with IDDM in this study are similar to ours, the Apo All
concentrations are substantially lower.

As a result, their Apo AI/

All ratios are much higher (4.55 vs 2.1 respectively) than ours.
The differences in Apo All concentrations may be related to differences in methodology, or variability of antiserum, and unfortunately
make the two studies difficult to compare.
HDL-cholesterol/Apo AI ratios were not significantly different
between the two periods.

This suggests that the lower HDL-cholesterol

did not result from an altered affinity within the HDL particle.
Mean LDL-cholesterol/Apo B ratios were also similar between the two
periods.

Since Apo B is shared with both VLDL and LDL particles,

the significance of this finding is unclear.

Whether decreased

LDL-cholesterol on the HCLFD was a result of decreased LDL particles,
or altered affinity of the particle for cholesterol, cannot be
distinguished by the present study.

However, probably greater than

80% of Apo B is associated with LDL in these individuals.
Apoprotein CIII concentrations were also significantly lower
on the HCLFD.

In fasting plasma, C apoproteins are associated with

VLDL and HDL lipoprotein classes.

The association between Apo CIII

119
and HDL-cholesterol appears stronger than its association with VLDLtriglycerides during the CD period.

The switch to a HCLFD resulted

in a decrease in its association with HDL-cholesterol and an increase
in its association with VLDL-triglycerides.
Finally, plasma apoprotein E concentrations were slightly lower
but not significantly different on the HCLFD.

Similar findings

have also been reported in non-diabetic individuals (28).

Fasting

apoprotein E concentrations of 9.2 mg/100 ml reported on the control
diet compared well with the plasma concentrations reported in nondiabetic populations (17).
For the purposes of comparison with present literature values,
subject 2 with Type I la hyperlipoproteinemia was removed.

Subject 2

responded, in all instances, similarly to the five normolipidemic
subjects.

The only distinguishing difference in her values involved

the LDL components of the plasma.

This is not unpredicted, since the

genetic defect in Type I la phenotype seems to involve defective
removal of LDL from plasma.
The high normal HDL cholesterol concentrations in IDDM reported
elsewhere (29,30) were not demonstrated in the present study.

Mean

HDL-cholesterol concentrations on the control diet (49 mg/100 ml)
were similar to the mean 50th percentile ranking (53 mg/100 ml)
reported in white females in their age group (23).

The absence of

significant differences in HDL-cholesterol between IDDM and control
populations have also been reported by other investigators (27,31).
Recent studies (20,21) in non-diabetic vegetarian and control
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populations reported concentrations of total plasma, LDL and HDL
cholesterol, apoprotein AI, and B concentrations very similar to our
data.

The control and vegetarian diets reported in these studies

were similar to the control and HCLFD employed in the present study.
The present study demonstrated a significant reduction in
apoprotein AI, B and CIII concentrations in individuals with IDDM
when treated with a high carbohydrate, low fat diet.

The reduction

in apoprotein concentrations were accompanied by corresponding reductions in total plasma, LDL and HDL cholesterol.

The resulting

changes do not appear to differ substantially from those in nondiabetic populations consuming either a typically western or high
carbohydrate, low fat diet.

Therefore, the present study did not

define an abnormality in the concentration or distribution of either
apoproteins or lipoproteins in IDDM that would provide an adequate
explanation for the enhanced risk of CPVD.

This does not exclude

the possibility that subtle differences exist, but it would seem
unlikely that subtle: differences could account for the significant
differences in vascular disease experienced in this disorder.

We

acknowledge the fact that severe uncontrolled diabetes may present
with extremely altered liprotein composition.

In addition, lipopro-

tein metabolism may differ within the diabetic syndrome.

Thus,

the present findings cannot be extrapolated to NIDDM, where obesity
and elevated circulating insulin concentrations are common.
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Table IV-1

Age, Weight, Ideal Body Weight, Glycosylated Hemoglobin, Fasting
Plasma Glucose and Insulin Dose in Six Women with IDDM Fed
*

Control and High Carbohydrate, Low Fat Diets
Glycosylated
Subject

Age

Weight

IBW

Hemoglobin
CDf HCLFDt

Insulin

Fasti ng

Dose

Glucose

CD HCLFD

HCLFD

yrs

kg

%

1

24

58.8

108

8.7

8.1

48

50

370

228

2

28

46.5

88

10.5

9.9

19

19

86

106

3

22

64.1

112

10.7

12.3

50

50

73

70

4

29

51.8

96

11.0

11.6

28

30

300

349

5

31

66.1

102

10.4

11.2

38

37

193

233

6

21

61.7

113

10.6

10.0

40

36

271

364

Mean

26

58.0

103

10.3

10.5

37

37

216

225

± SD

4

7.3

10

0.8

1.5

11

12

120

121

*
t

%Hb

CD

lU/day

mg/100 ml

Values represent the mean of two values obtained during the last
two weeks of each dietary period.
CD, control diet; HCLFD, high carbohydrate, low fat diet

Table IV-2
Plasma Lipoprotein Cholesterol and Triglyceride Concentrations in Six
*

Women with IDDM Fed Control and High Carbohydrate, Low Fat Diets
Control Diet
Subject

Cholesterol
Total

VLDL

LDL

HDL

High Carbohydrate, Low Fat: Diet

Tr iglyceride
Total VLDL LDL HDL

1Cholesterol

Total

VLDL

LDL

mg/100 ml

HDL

Tri glyceride
Total VLDL LDL

HDL

mg/ 100 ml

1

214

18

128

50

118

71

22

11

136

20

78

36

120

84

27

15

2

312

25

208

50

117

68

33

11

231

29

136

40

108

58

32

13

3

136

11

76

39

56

34

20

7

137

12

74

37

72

47

17

21

4

132

13

71

42

67

39

17

6

120

17

65

37

89

50

29

13

5

211

26

139

51

132

88

31

10

132

21

79

33

140

88

26

12

6

193

10

125

63

80

44

15

16

161

15

105

46

110

69

24

1

Mean

200

17

125

49

95

57

23

10

153+

19

106

66

25

12

± SD

66

7

50

8

31

21

7

3

41

6

23

17

5

6

go1" 381
26

4

* Values represent the means of two samples obtained during the last two weeks of each period
t p<.05
t p<.01

compared to control values
compared to control values

-4

Table IV- 3
Plasma Apoprotein Concentrati ons ■in Six Women with IDDM Fed Control and 1High Carbohydratei. Low Fat Diets
High Carbohydrate , Low Fat; Diet

Control Diet
Subject

AI

All

AI
All

(mg/100 ml)

B
(

cm

HDL-C
Apo AI

E

mg/100 ml1

LDL-C
APO B

AI

All

AI
All
(

(mg/100 ml)

)

cm

B

HDL-C

E APO AI

mg/100 ml

LDL-C
APO B

)

1

113

41

2.7

78

11

7

0.44

1.65

96

46

2.1

48

10

6

0.38

1.61

2

113

49

2.3

145

12

8

0.44

1.43

97

52

1.8

108

9

8

0.41

1.26

3

103

53

1.9

72

5

6

0.38

1.05

97

55

1.7

47

5

5

0.38

1.56

4

130

64

2.0

51

7

10

0.32

1.39

108

64

1.6

47

6

8

0.34

1.38

5

137

69

2.0

107

10

13

0.37

1.30

109

58

1.9

72

9

7

0.30

1.10

6

162

78

2.0

87

12

12

0.39

1.44

127

77

1.6

78

11

13

0.36

1.34

Mean 126

59

2.1

90

10

9

0.39

1.38

105§

59

1.7*

67*

8+ 8

0.36

1.38

± SD

14

0.3

33

3

3

0.05

0.20

12

11

0.1

24

2

3

0.04

0.19

22

*

*
t

Values represent means of two samples obtained during the last two weeks of each dietary period
p<.05 compared to control diet values

t

p<.01 compared to control diet values

§

p<.001 compared to control diet values

ro
oo

129

Table IV-4.
Regression Analysis of Plasma Apoprotein and Lipoprotein Concentrations
Control Diet

High Carbohydrate Diet

R

F

R

F

Total-C/LDL-C

0.995

386.2

0.957

79.3

Total-C/APO B

0.932

26.8?

0.909

19.1+

LDL-C/APO B

0.954

40.8§

0.946

34.7§

HDL-C/APO AI

0.777

6.1

0.611

2.3

HDL-C/APO CIII

0.809

7.6

0.436

0.9

VLDL-TG/APO CIII

0.639

2.7

0.717

4.2

df {1

*

n=6

t

p<.05

|
§
I

P<.01
p<.005
p<.001

Table IV-5
Comparison of Apoprotein and Lipoprotein Concentrations in Five Normolipidemic Subjects
with.IDDM Fed Control and Highcarbohydrate, Low Fat Diets with Two Published Studies in
Normolipidemic Control and Vegetarian Populations
Present Study

Burslem et al.

CD

HCLFD

CD

Vegetarian

CD

Vegetarian

n=5

n=5

n=32

n=24

n=7

n=6

mg/100
Total Cholesterol
Total Triglycerides
LDL Cholesterol

Nestel et al

177±40

137±15

174±35

80±33

106126$

84±40

108±32

80±15

114±34

ml
190+22

140±18§

78±24

102±39

99±17

81±21

123±28

87±21$

84±20

57±14::

44±7

40±5

120±21

99+18

133+6

Apoprotein B

79±20

58±15l

81±30

54±14+

HDL Cholesterol

49±9

38±5

::

50±13

43+8

129±23

107±13§

114+26

Apoprotein Al

*

Burslem et al. (21); Nestel et al. (20)

t
T

Controls, n=20; Vegetarians, n=33
p<.05 compared to control diet values within each study

§

p<.01

I

p<.001 compared to control diet values within each study

compared to control diet values within each study

::

86±19+

o
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CHAPTER V
CONCLUSIONS
The effects of subject-selected high carbohydrate, low fat diets
on insulin dependent (Type I) diabetes mellitus were investigated in
the present study.

Unlike previous studies, subjects were allowed free

choice in the selection of their foods within specifically prescribed
exchange group diets.

The resulting selections produced high carbohydrate

diets with an approximately equal mixture of complex and simple carbohydrates and moderate quantities of dietary fiber (50 g).

These differ

substantially from the high complex carbohydrate (75%), high fiber (64 to
97 g) diets used by other investigators.

Comparison of the menus in the

present study with previous studies suggest that the qualitative differences in the types of carbohydrate-rich foods selected accounted for the
differences in carbohydrate composition and fiber content.
Increases in dietary fiber that were instituted along with the
increases in carbohydrates appeared to be responsible for the improved
glycemic control and maintanence of normal fasting triglyceride concentrations in previous studies.

The present study, with lower complex

carbohydrates and fiber showed no quantitative improvements in diabetic
control and significant increases in fasting plasma and VLDL triglycerides during the high carbohydrate diets.

Glycemic control and insulin

dose were unaltered between the two dietary periods.

The significant

increases in fasting triglyceride concentrations were quantitatively
small (2 to 19 mg/100 ml).

Thus subject-selected high carbohydrate.
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low fat diets did not produce any adverse effects in individuals with
IDDM.

Furthermore, they demonstrated a beneficial lowering of total

plasma and LDL cholesterol.

These effects on plasma cholesterol were

independent of glycemic control.

No associations were demonstrated

between plasma glucose, glucosuria or glycosylated hemoglobin and any
changes in plasma lipoprotein or apoprotein concentrations.
We present the first comprehensive data on plasma apoprotein
concentrations in IDDM under defined dietary conditions.

Total plasma

apoproteins AI, B and CIII were significantly reduced when subjects
consumed the HCLFD when compared to the CD.

The changes in apoprotein

concentrations matched corresponding changes in lipoprotein concentrations.

The present study does not define any abnormality in the

concentrations of either lipoproteins or apoproteins in IDDM.

Thus the

suggestion that increased vascular disease in diabetes precedes from
alterations in the metabolism of lipoproteins was not supported in
the present study.
The nutritional assessments conducted during this study
represent the first substantive data on the nutritional consequences
of high carbohydrate, low fat diets in the treatment of IDDM.

We

found no significant differences in thiamin, riboflavin, vitamin C,
vitamin Be, vitamin E, selenium or zinc concentrations between the
two dietary periods.

Indirect assessments of calcium metabolism

also appeared unaffected by the dietary alterations.

With the exception

of vitamin B6, concentrations of these nutrients in the blood were all
within the normal range of values.

The assessment of vitamin B6 status

133
in these individuals is in accord with previous studies, suggesting
impaired vitamin B6 status in individuals with IDDM.

The source of these

lower vitamin B6 concentrations is not evident from this study. However,
it appeared that in one individual taking 10 mg of pyridoxine-HCL plasma
and whole blood vitamin B6, and pridoxal 5'-phosphate levels were
normal.
The present study provides practical information on the use of
high carbohydrate, low fat diets in the treatment of IDDM.

The compo-

sition of the subject-selected high carbohydrate diets were compatible
with the present American dietary patterns, and were well tolerated
by all subjects.

It seems that diets similar to these would be more

applicable to long-term clinical use than many previouly defined high
carbohydrate diets.

Thus the application of the recent recommendations

of the ADA may result in the selection of diets lower in complex
carbohydrates and fiber than previously tested.

The present data suggest

that diets of this nature were not disadvantageous to glycemic control
in individuals with IDDM, and may actually lessen their risk for CPVD.
Further studies are necessary to investigate the effects of these diets
in individuals with NIDDM.
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APPENDIX I
The Classifications of Diabetes Mellitus and
Selected Measurements of Glycemic Control
Diabetes mellitus is genetically and clinically a heterogeneous
syndrome of disorders, with a single common thread - glucose intolerance.

An awaremess of this is paramount to understanding the diabetes

literature.

The distinct disorders that are grouped together under

the bailiwick of diabetes mellitus differ markedly in pathogenesis,
presentation, natural history and response to various therapy.

These

differences have important implications for research as well as the
application of this research to the clinical management of diabetes.
It would seem essential then to distinguish between the various forms
of diabetes and other stages of glucose intolerance.
always been the case.

This has not

In fact, in regards to dietary studies, it

has been the exception rather than the rule.

The lack of attention

paid the diabetic syndrome in this respect, has resulted in the
accumulation of data that is inconsistent, confusing and ultimately
difficult to compare.
Under recently proposed criteria (1), glucose intolerance has
been divided into three major classifications (Table I).

Diabetes

mellitus is defined by the presence of fasting plasma glucose
concentrations in excess of 140 mg/100 ml, and two hour post-prandial
glucose concentrations of 200 mg/100 ml or greater.

Impaired glucose

tolerance is present in those individuals with fasting plasma glucose
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concentrations below 140 mg/100 ml, and two hour post-prandial plasma
glucose concentrations of 200 mg/100 ml or greater.

Finally, gesta-

tional diabetes refers to the glucose intolerance, or overt diabetes
that presents during the stress of pregnancy.
Table AI-1
THE CLASSIFICATIONS OF GLUCOSE INTOLERANCE
I

DIABETES MELLITUS
TYPE I (IDDM)
TYPE II (NIDDM)
1. OBESE
2. NONOBESE
OTHER TYPES OF DIABETES MELLITUS
1. PANCREATIC DISEASE
2. HORMONAL
3. DRUG AND CHEMICAL INDUCED
4. GENETIC SYNDROMES

II
III

IMPAIRED GLUCOSE INTOLERANCE
GESTATIONAL DIABETES

The classification that is pertinent to the present study
is diabetes mellitus.

Under this classifications system, diabetes

mellitus has been divided into three types.

Insulin dependent

diabetes mellitus (Type I) is characterized by the abrupt onset of
symptoms, insulinopenia, proneness to ketosis, and the absolute
dependence on injected insulin to sustain life.

Classically this

type of diabetes occurs in juveniles, and has been refered to, at
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various times, as juvenile diabetes, growth onset diabetes, ketosisprone diabetes, or brittle diabetes.

Insulin dependent diabetes can

present symptomatically for the first time at any age.
diagnosis based on age of onset alone is inappropriate.

Therefore,
In addition,

the administration of injected insulin, although sometimes viewed as
necessary therapy, is not a sufficient criterion for placing an
individual into this classification.

In the past, this has been an

area of confusion in the classification of diabetes, and has resulted
in the heterogenous mixture of Type I and insulin-treated Type II
patients.
Non-insulin dependent diabetes (Type II) is characterized by a
more insidious onset of symptoms.

These individuals generally present

later in life and have been refered to in the past as adult onset,
maturity onset, obesity onset or non-ketoses prone diabetes.

As

previous names suggest, these individuals are not prone to ketosis
(except under unusual stress), and are not dependent on injected
insulin to sustain life.

However, many of them may be treated with

insulin for the correction of persistent symptoms if this cannot be
achieved with the use of oral agents or diet.

Individuals with NIDDM

may have normal levels of insulin or mild insulinopenia, but most often
they have greater than normal levels of insulin associated with
various degrees of peripheral tissue insulin resistance.

Herein lies

their greatest physiologic-metabolic difference from the Type I
patients.

It has been estimated that as much as 80% of diabetes

mellitus is obesity related Type II diabetes.
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Finally, "Other types of diabetes" refers to those secondary
forms of diabetes, of which only four are listed:

pancreatic

disease; hormonal imbalances; chemical and drug induced; and genetic
syndromes.

Measurements of Glycemic Control.

Several methods are currently used

to estimate glycemic control in individuals with diabetes.

The one

most frequently used is a single determination of plasma or serum
glucose, usually obtained fasting or two hours post-prandially.
The limitation of this method is that it represents only a single
observation.

A more useful method in estimating overall glycemic

control is to obtain several values during the day.

Samples obtained

before each of the major meals (pre-prandial), and those obtained
one-half to two hours after each major meal (post-prandial), provide
much more confidence in estimating glycemic control than does the
single observation.

Although these methods are direct, they measure

blood glucose concentrations over short intervals and are not adequate
estimates of long term glycemic control.
Recently, glycosylated derivitives of normal hemoglobin A
have been isolated in non-diabetic and diabetic populations (2,3).
Glycosylated hemoglobin is a glycoprotein derived from a simple
condensation reaction between glucose and free amino groups (usually
the N-terminal end of one or both of the two 3 chains) on the hemoglobin molecule (3,4).

This condensation reaction proceeds from an

aldimine (schiff base) to a stable ketoamine.

The rate of the reaction
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is dependent on blood glucose concentrations.

It is non-enzymatic,

slow, irreversible and continous for the life span of the erythrocyte.
Therefore, its importance in diabetes relates to the fact that it
represents as indirect measure of mean blood glucose concentrations
over the life span of the erythrocytes assayed, and"is not appreciably
affected by other abnormalities of diabetes (5).
Estimations of glycemic control based on urinalysis are limited
to determination of glucose excretion on total 24 hr. urine collections,
and fractions of the total daily collection.

The 24 hr. collection

gives a quantitative value of glucose excreted in the urine during the
past 24 hrs., while the fractionals, when taken four times during
the day, give a semi-quantitative estimation of the distribution of
glucose excreted over that 24 hr. period.

Fractional urine collections

are usually taken pre-prandially, and before bed. The percent (w/v)
of glucose in a single or double void collection is read as negative,
i, 1, 2, 3, or >5%.

Both methods are indirect measurements of blood

glucose and are dependent on the threshold of glucose clearance in
the kidneys.
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APPENDIX II

Comprehensive Data Tables

Table AII-1
The Composition of Individual Subjects Diets, Control Diet Period

Subject

Kcal

Carbohydrates

Fats

Protein

Total Simple Complex

Total Sat Mono Poly

9

9

g

P/S

Cholesterol

Fiber

mg

9

1

2400

100

261

138

123

106

53

36

8

0.15

640

34.6

2

1800

72

206

125

81

80

37

25

5

0.14

530

20.3

3

2200

86

247

146

101

97

52

35

7

0.13

575

23.2

4

2000

77

229

127

108

88

47

32

7

0.15

560

31.2

5

2300

87

260

132

128

103

55

37

7

0.13

600

30.1

6

2200

82

247

138

109

100

52

33

5

0.11

575

29.1

Mean

2150

84

242

134

108

96

49

33

7

0.14

580

28.0

± SD

194

10

21

8

17

.10

7

4

1

0.02

37

5.3

-fa

o

Table AII-2
The Composition of Individual Subjects Diets, Experimental Diet Period

Subject

Kcal

Carbohydrates

Fats

Protein

Total Simple Complex

Total Sat Mono Poly

9

9

g

P/S

Cholesterol

Fiber

mg

9

1

2400

92

391

207

184

55

13

19

17

1.31

75

52.0

2

1800

69

292

130

162

39

9

13

11

1.21

55

54.6

3

2200

83

357

197

160

49

12

17

16

1.33

55

53.5

4

2000

76

326

171

155

43

10

15

14

1.40

55

47.0

5

2300

88

372

182

190

50

12

17

16

1.33

55

50.3

6

2200

78

341

172

169

46

9

15

16

1.78

55

45.1

Mean

2150

81

347

177

170

47

11

16

15

1.40

62

50.4

± SD

194

8

35

24

14

6

2

2

2

0.02

10

3.7
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Table AII-3
Red Cell Transketolase and Glutathione Reductase Activities, Plasma
Vitamin C, Serum Vitamin E and Zinc, and Whole Blood Selenium Concentrations at the Begining, Middle, and End of the Control and High
Carbohydrate, Low Fat Diets
Transketolase
Subject

Date

Stimulation
%

1 CD
CC^ED

2 CD
CD+ED

ED+CD

4 ED
ED+CD

5 ED

CD

1
3
9
1
12

2-16
2-28
3-15
4-26

12
9
7
8
11

5-16
5-28
6-27
7-18
7-25

13
0
6
0
0

8-23
9-16
10-4
10-13
11-1

12
16
6
2
8

11-11
12-2
12-23

1216
1251
1080
1023

2-2

5
1
7
6
3
5

1-31
2-12
2-24
3-24
4-10

4
6
3
4
7

980
980
929

1-5
1-22

6 CD
CCM-ED

yg/hr

9-17
10-7
10-16
11-4
11-20

4-8
3 ED

Hexose
Formed

Vitamins
Glutathione>
Reductase
A.C.

C

E

mg/lOOml yg/ml

Selenium

Zinc

yg/lOOml

798
683

1137
1015
1098
1141
1244

0.831
0.973
1.037
1.037
1.000

1.43
1.63
1.24
1.28
1.37

16.5
16.9
17.2
17.2
16.3

18.0
20.3
20.8
21.2
17.8

708

1.048
1.048
1.007
1.011
1.013

0.81
0.72
1.09
1.26
1.52

21.3
19.5
16.8
19.5
18.9

23.8
21.9
22.1
21.7
22.4

1.079
1.104
1.031
1.111
1.164

1.03
1.08
1.29
1.23
1.31

15.2
13.3
19.2
18.4
12.0

23.6
23.6
22.4
20.0
18.6

1.050
1.049
1.081
1.077
1.086

0.44
1.32
1.09
1.04
1.21

12.3
11.6
11.3
13.7
11.3

21.2
27.9
16.8
18.2
14.2

74.4
84.4
84.4
90.8
90.8

0.966
1.018
1.059
1.043
1.053
1.035

1.45
1.15
1.12
1.20
1.18
1.17

10.2
12.3
13.6
12.8
11.5
11.3

16.5
23.0
18.3
18.3
21.2
22.4

63.2
96.4
96.4

0.980
0.999
1.023
1.107
1.019

0.86
1.02
1.03
1.11
1.15

15.7
16.2
16.8
15.6
14.7

20.8
20.3
22.1
20.6
22.3

1065

894
980
937
680
1251
1144
1094
1166

930
980
1115
1037
1123

972
993

1015

987

55.6

119
286
67.6
73.2
67.6
67.6
72.0

104
92.2
98.8

101
106

106
106
98.8

128
92.0
83.2
96.4
81.2

143
Table AII-4
Whole Blood and Plasma Vitamin Be and Plasma Pyridoxal 5'-Phosphate
Levels at the Begining, Middle, and End of the Control and High
Carbohydrate, Low Fat Diets
Vitamin Be
Subject

1

CD

4-26

3.2
3.3
3.9
3.1
3.3

1.07
0.93
1.85
2.95
1.49

5-16
5-28
6-27
7-18
7-25

7.3
6.6
8.9
6.6
5.1

10.1

6.9
8.0
6.4
6.0

6.43
5.01
6.04
4.00
5.58

8-23
9-16
10-4
10-13
11-1

5.1
5.0
6.4
6.0
7.2

3.5
4.3
4.3
4.3
4.5

2.34
2.55
2.59
3.69
2.66

ED

11-11
12-2
12-23

26.1
16.1

15.8
11.7

CD

1-5
2-2

5.1
4.7
4.7
4.6

2.8
2.8
2.7
2.6

13.5
10.7
2.64
2.69
1.42
1.45

1-31
2-12
2-24
3-24
4-10

7.4
6.9
6.6
6.5
8.0

5.3
5.6
5.4
5.7
5.0

4.18
4.24
3.70
3.65
3.93

ED

ED

ECH-CD

1-22
6

nmoles/100 ml
2.9
3.3
3.5
2.5
2.9

2.8
3.6
4.3
7.1
6.7

EEH-CD

5

Pyridoxal 5'-Phosphate

2-16
2-28
3-15

CD

4-8

4

Plasma

3.4
4.3
3.0
3.8
4.8

CD*ED

3

Whole Blood

9-17
10-7
10-16
11-4
11-20

CCH-ED

2

Date

Plasma

CD

CD+ED

2.12
2.31
2.45
1.92
1.46
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Table AII-5
Serum Calcium, and Urinary Calcium, Phosphorus, and Cyclic AMP
Concentrations at the Begining, Middle, and End of the Control
and High Carbohydrate, Low Fat Diets

Urinary

Serum
Subject

Date

Calcium
mg/100 ml

2

CD

CD+ED

2-16
2-28
3-15

4-8
4-26
3

ED

ED->CD

4

6

meq/24 hr

9.8
9.2
9.0
9.3
9.5

3.2
2.7
2.6
2.8
2.0

10.6
10.0
10.0

5.6
8.2
5.1
4.2
5.7

9.4
10.1

Phosphorus
mg/24 hr

Cyclic AMP
nmoles/mg creat.

350
631
217
672
411

2.1
4.3
3.0
2.7
3.3

699
426
201
697

2.7
2.6
4.4
2.4
3.1

858
605
749
975
856

2.8
3.9
4.5
4.8
3.5

843
875

1056

8-23
9-16
10-4
10-13
11-1

9.2
9.3
9.4
8.9
9.0

15.4

ED

11-11
12-2
12-23

9.4
9.8

CD

1-5
1-22

10.2
10.3
10.4

12.2
10.8
10.8
13.0
11.1

2-2

9.8

8.0

1021

3.3
3.2
3.6
4.1
3.3
3.6

1-31
2-12
2-24
3-24
4-10

9.6
9.5
9.6
9.5
9.7

12.1

629
577
689
690
452

3.4
2.7
2.7
2.7
2.7

ED

ED+CD

5

5-16
5-28
6-27 >
7-18
7-25

Calcium

CD

CD-^D

5.2
6.3
12.2
10.2

2.8
2.8
5.1
6.2

1124
1198

794
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Table AII-6
Fasting and Pre-prandial Serum

Glucose Concentrations in Six

Women Fed Control and High Carbohydrate, Low Fat Diets
SERUM GLUCOSE
Subject

Date

+

Morning

Midday

Evening

mg/100 ml

1

CD

10-3
10-10
11-6
11-16

182
492
259
256

57
370
153
226

143
384
267
276

CD

3-7

ED

3-11
4-15
4-23

56
78
266
164

77
84
223
104

237
291
279
178

7-18
7-22
6-17
6-25

86
118
93
137

140
81
74
280

60
48
167
217

10-24
10-28
9-24
10-2

265
238
274
398

186
245
256
261

384
365
236
326

1-22
1-29
12-9
12-17

342
261
190
214

408
244
250
119

245
288
84
100

CD

2-20
2-24

ED

4-1
4-8

269
190
251
54

188
242
196
64

119
254
166
120

ED
2

3

CD
ED

4

CD
ED

5

CD
ED

6

* Samples obtained one day per week during the last two weeks
t Fasting sample
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Table AII-7
Individual Daily Urinary Glucose Excretion for the Last Two
Weeks of the Control and High Carbohydrate, Low Fat Diets
SUBJECTS
2

1
CD

Days

ED

CD

3
ED

CD

ED

g/day
*

35.0

29.3

11.4

25.1

18.5

19.5

a)-12

24.2

20.0

5.2

20.0

7.4

13.4

01-11

28.2

73.3

11.2

3.7

34.6

1.2

01-10

21.2

43.8

20.5

5.2

0.0

23.0

oi-9

24.2

33.9

22.3

1.3

9.2

35.6

oi-8

(23.2)

54.3

2.5

6.3

46.6

10.6

oi-7

6.3

38.5

4.4

4.8

24.5

0.4

oi-6

63.7

65.7

5.1

1.7

12.2

4.0

oi-5

13.0

34.6

4.4

7.1

6.3

26.4

oi-4

(23.2)

(41.0)

18.2

16.1

0.0

22.3

oi-3

20.1

(41.0)

12.1

14.0

0.0

62.6

oi-2

12.5

25.5

21.2

7.7

1.0

49.5

01-1

23.3

26.0

15.0

2.7

21.2

28.1

6.2

46.9

0.0

11.9

51.9

20.6

Mean

23.2

41.0

11.0

9.1

16.7

22.6

± SD

14.2

15.2

7.5

7.3

17.3

17.7

u-13

01

*

oi, Last day of each period
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Table AII-7 (cont)
Individual Daily Urinary Glucose Excretion for the Last Two
Weeks of the Control and High Carbohydrate, Low Fat Diets
SUBJECTS

4
Days

CD

6

5
ED

CD

ED

CD

ED

g/day
a)-13

8.4

32.0

86.6

30.4

71.0

20.0

u-12

71.2

27.4

77.4

34.8

70.4

16.1

(0-11

44.1

41.0

(84.3)

39.2

68.6

39.5

u-lO

19.3

7.6

77.2

26.2

35.1

12.2

01-9

21.9

4.3

138.6

79.3

31.5

24.2

oi-8

48.6

10.0

170.5

80.5

49.6

55.9

oi-7

15.5

37.0

110.0

82.5

20.3.

(38.6)

oi-6

23.0

(27.2)

63.4

22.4

16.5

48.5

oi-5

72.5

1.6

48.2

41.0

13.8

125.2

oi-4

26.0

77.0

35.1

22.4

30.6

38.5

oi-3

22.4

6.6

63.1

64.8

98.0

20.5

oi-2

7.4

21.7

50.0

52.5

23.8

16.7

01-1

87.5

46.8

117.0

(49.1)

22.5

18.7

01

45.3

41.2

59.4

62.4

73.4

66.4

Mean

36.7

27.2

84.3

49.1

44.7

38.6

± SD

25.5

20.9

37.8

21.7

26.8

22.9
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Table AII-8
Individual Daily Insulin Dose for the Last Two Weeks
of the Control and High Carbohydrate, Low Fat Diets
SUBJECTS

1
CD

Days

3

2
ED

CD

ED

CD

ED

6

5

4
CD

ED

CD

ED

CD

ED

lU/day
a)-13*

50

50

19

19

52

50

28

32

38

35

45

31

OJ-IZ

50

50

19

19

52

50

28

32

38

37

37

37

0)-ll

50

50

19

19

52

50

28

32

40

37

38

37

0)-10

50

50

19

19

52

52

28

30

38

37

46

30

o)-9

50

50

19

19

50

52

28

30

38

37

46

31

o)-8

50

50

19

19

50

52

28

30

38

37

44

41

o)-7

50

50

19

19

50

52

28

30

38

37

39

34

a)-6

50

50

19

19

48

52

28

30

38

37

39

39

o)-5

48

50

19

19

50

52

28

30

38

37

39

35

OJ-4

48

54

19

19

50

52

28

30

38

37

40

36

o)-3

48

54

19

19

50

52

28

30

38

37

40

31

o)-2

48

54

19

19

50

52

28

30

38

37

40

30

0)-l

48

56

19

19

50

52

28

30

38

37

40

36

0)

48

56

19

19

50

52

28

30

38

37

40

39

Mean

49

52

19

19

50

52

28

30

38

37

41

35

± SD

1

3

0

0

4

1

0

1

1

1

3

4

*

w. Last day of each period
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Table AII-9
Fasting Glucose, Glycosylated Hemoglobin, Insulin Dose and Plasma
Apoprotein Concentrations Determined During the Last Two Weeks
of the Control and High Carbohydrate, Low Fat Diets

SubFasting Glycosylated Insulin
ject Date Glucose Hemoglobin
Dose

AI

All

Apoproteins
B
CIII

% Hb

lU/day

363
377
197
258

8.7
8.7
8.1
8.1

48
48
50
50

112.5
112.5
96.7
95.4

36.8
45.2
47.0
44.0

72.2
83.5
51 0
45.7

10.3
12.1
11.5

3-11
3-15
4-23
4-26

76
96
131
81

10.6
10.4

119.7
106.7
97.4
97.2

48.0
49.7
53.5
51.3

147.5
143.0
118.2
98.2

13.2
11.6

9.8
9.9

19
19
19
19

9.2
8.5

8.5
7.7
7.8
8.1

7-18
7-25
6-21
6-27

77
69
75
65

10.8
10.5
12.5
12.0

50
50
50
50

104.9
101.0
95.6
97.8

53.3
53.4
51.9
57.6

76.5
68.0
49.7
45.0

5.2
5.7
4.5
5.2

6.7
4.8
4.3
4.9

4 CD 10-28

229
370
335
363

10.7
11.3
11.8
11.3

28
28
30
30

128.3
137.3
106.1
109.4

62.0
66.0
65.0
63.0

52.2
50.0
48.0
46.0

6.6
6.5
6.9
5.0

9.5
9.5
7.1
9.2

133
253
198
268

10.6
10.2
11.4
11.0

38
38
37
37

141.6
133.2
107.0
111.7

70.6
66.8
56.0
59.0

111.0
102.5
70.5
72.5

11.7

12.8
12.9

256
285
385
343

10.1
10.8

40
49
39
39

154.2
170.4
128.4
126.0

67.9
87.1
78.9
75.0

92.0
81.2
74.0
82.2

10.4
13.0
10.5
11.5

mg/100ml

1 CD 10-10
10-16
ED 11-8
11-16

2 CD
ED
3 CD
ED

11-1
ED 9-29
10-4

5 CD

1-15
1-29
ED 12-17
12-23

6 CD
ED

2-20
2-28

4-5
4-11

9.9
10.1

mg/100ml

8.6

8.9
8.8
8.7

7.7
7.0
6.6
6.1

8.4
10.4
11.1
12.7
11.9
13.8
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Table AII-10
Mean (±SD) Values for the Sequential Changes
in Plasma Cholesterol and Iriglycerides
Day of Diet Period

■k

Cholesterol

Iriglycerides

Control Diet

0
4
8
12
16
20
24
28

178±53

88±23

197±67

91±42

208±66

104±40

207±54

84±21

202±58

105±42

209±77

94±33

195±65

91±34

195±66

94±33

199±73

88+36

170±59

113±34

160±61

144±104

147±38

105±11

147±44

116±29

141±45

111±53

154±42

123±36

160±45

127±32

155±36

123±42

159±47

111±31

160±46

140±82

153±43

96±31

Experimental Diet

0
4
8
12
16
20
24
28
32
36
40
42

* Mean ± SD for six women with IDDM
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Table AII-11
Plasma Lipoprotein Cholesterol and Triglyceride Concentrations
in Six Women with IDDM During the Last Two Weeks of the Control
and High Carbohydrate, Low Fat Diets

(Subjects 1, 2 and 6)*
Triglyceride

Cholesterol
Subject

Date

Total

VLDL

LDL

HDL

Total

VLDL

LDL

HDL

51
64
69
73

33

8

(25)

(10)

21
22

10
11

mg/100 ml
1 CD

10-3
10-7
10-10!
10-16+

211
222
208
219

17
18
17
18

11-8 t
11-12^
ll-16t
11-20

135
135
137
149

3-3

145
123
133

44
55

94
116
115
120

24
17
16
23

75
70
81
86

37
35
35
37

140
108
99
105

98
86
69
83

27
30
29
26

16
15
13
15

3-11?
3-15 +

+

298
344
309
314

20
25
26
23

191
233
211
205

46
60
52
48

98
118
117
116

52
64
76
60

31
33
33
32

13
13
13
9

ED

4-15
4-19.
4-23!
4-26+

227
252
235
227

34
31
35
22

137
144
128
144

33
44
40
39

187
130
127
89

123
78
74
42

43
42
25
39

24
12
15
11

6 CD

2-16,
2-20t
2-24
2-28+

207
204
185
181

28
10
10
10

116
129
128
121

57
63
74
63

175
84
58
75

118

17

13

(65)

(14)

(14)

33
44

11
15

14
16

3-28
4-1 .

144
149
165
156

27
14
15
15

81
94
113
97

44
44
49
43

162
84
92
127

128
55
53
84

13
19
20
27

11
2
0
1

ED

2 CD

3 7

-

ED

4-5 I+
4-ll

44

(134)§ (48)

*
t

Subjects began with control and then switched to experimental diet
Dates that apoprotein analysis was performed

§

Missing data points, value estimated with Block mean
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Table AII-11

(cont)

Plasma Lipoprotein Cholesterol and Triglyceride Concentrations
in Six Women with IDDM During the Last Two Weeks of the Control
and High Carbohydrate, Low Fat Diets

(Subjects 3, 4 and 5)*

Cholesterol
Subject

Date

Total

VLDL

LDL

Triglyceride

HDL
mg/100

Total

VLDL

LDL

HDL

ml

3 CD

7-13.
7-18t
7-22,.
7-25 +

145
140
140
131

12
11
12
10

77
76
78
76

36
41
40
37

51
50
50
62

23
27
28
40

16
20
15
19

8
9
15
5

ED

6-13
6-17
6-211
6-27t

155
127
136
138

14
16
12
11

92
69
77
70

42
37
37
37

81
81
65
79

49
52
44
50

32
35
18
15

13
13
23
19

4 CD

10-21
10-24+
10-28!
11-1 +

137
127
125
139

22
9
16
10

79
74
69
73

45
48
43
40

85
63
76
57

65
31
41
37

8
13
17
17

4
9
11
0

ED

9-20
9-24.
9-29!
10-4 +

129
146
126
113

18
26
22
11

67
67
75
55

46
49
37
37

111
143
121
56

65
94
75
24

29
19
37
20

13
24
17
8

5 CD

1-22.
1-25;
l-29t

215
219
203
190

23
30
21
18

147
144
133
138

59
53
48
41

128
132
132
133

93
92
84
88

25
35
27
29

11
12
7
7

149
144
131
133

24
20
26
16

91
88
77
80

33
33
33
32

159
142
153
127

114
101
109
64

28
15
16
35

11
3
7
16

2-3
ED

12-9
12-13.
12-17;
12-23+

*

Subjects began the experimental diet first then switched to the
control diet

t

Dates that apoprotein analysis was performed

APPENDIX III

Forms Used in the Present Study
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Table AIII-1

University of Oregon Health Sciences Center
Division of Metabolism, Department of Medicine
INFORMED CONSENT

A General Nutritional Assessment of Diabetic and Normal Populations
Living in the Corvallis and Portland Areas.
I

, agree to take part

in this study to determine the general nutritional status of diabetic
and normal persons living in the Corvallis and Portland areas.

The

aim of this study is to determine if the diabetic population in
general in these areas is at a greater nutritional risk, for several
key nutrients, as compared to normal controls matched for age and
sex.

Procedures:
Venipuncture:

A one time fasting blood sample will be collected.

The amount.of blood to be drawn will be about three or four (3-4)
teaspoons.
bruise.

The risk of drawing blood are infection, bleeding and a

The probability of this occuring is slight.

Urine Samples: Urine will be collected for a 24 hour period
and a portion of this sample will be retained for assessment.

I have discussed the rationale, procedures and safety of this
study with the interviewer.

All my immediate questions have been

answered, and I have been informed that Clarie Hollenbeck or Dr. Matthew
Riddle will be available to answer any future questions I may have.
I understand that no procedure will be performed unless I consent
to it even after I have signed this consent form.

I agree, at this

time, to have blood drawn and collect timed urine samples.
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Table AIII-1

(cont)

ATTORNEY GENERAL'S STATEMENT

injury. The University of Oregon neaitn aticui-ca v_enteL , as an
agency of the State, is covered by the State Liability Fund.
If
I suffer any injury from the research project, compensation would
be available to me only if I establish that the injury occurred
through the fault of the Center, its officers or employees.
If
I have further questions I will call Michael D. Baird, M.D., at
(503) 225-8014.
I understand I may refuse to participate or withdraw from this
study at any time without affecting my relationship with, or treatment at, the University of Oregon Health Sciences Center.

DATE

SIGNATURE OF SUBJECT

TIME

SIGNATURE OF PARENT OR LEGAL GUARDIAN

SIGNATURE OF PRINCIPAL
INVESTIGATOR

SIGNATURE OF WITNESS
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Table AIII-2

GUIDELINES FOR THE DIABETIC STUDY, CONTROL DIET PERIOD
1.

Prepare egg at CRC

2.

Use exchange for meat, breads, fruits and vegetables as are on
the diabetic selected menus.

3.

Other exchanges:

30 g cheese and meat,

cream (2 containers—
nnaise.

5 g butter, 74 g ice

37 g/container), 28 g bread, 14 g mayo-

starch bread exchanges are: potatoes, breads, cereals, rice,
pasta, and sal tines.
simple bread exchanges are: jello, angel cake, ice cream, sherbet
graham crackers and vanilla wafers.
4.

For control of composition, periodically check that:
butter = 5 g
ice cream = 37 g
meat is lean

5.

Do not use vegetable oils, peanut butter, salad dressing or
margarines.

6.
7.

Use a 7 day menu cycle.
Use refined starches, whole wheat breads are OK. since hospital
sources are quite refined.

8.

Do not use bran cereals or brown rice

Daily food pattern should be constant. This will be based on
patients usual eating habits and the insulin dosage, and times.

9.

240 g macaroni and cheese = 30 g lean meat, 56 g bread and 13 g

10.

butter
60 g hamburger = 60 g lean meat + 5 g butter

11.

120 g cottage cheese (2%) = 60 g lean meat + 5 g butter
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Table AIII-3

GUIDELINES FOR THE DIABETIC STUDY, EXPERIMENTAL DIET
1.

Use lean meat, 75 to 90 g without gravies, sauces; chicken or
fish, OK.

2

Fat Exchanges: (one half of daily fat exchanges from margarine,
the other half from peanut butter and salad dressing)
5 g fat exchange
8 g peanut butter
14 g mayonnaise per day only
Use corn oil margarine (stick)

3

Bread Exchanges:
Use

brown or white rice
bran cereal if possible
whole wheat breads
legumes, lentils, and pasta
graham crackers and vanilla wafers

Do Not Use

jello
sherbet
ice cream
angel cake

