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Separate influence of dietary carbohydrate and fibre

on the metabolic control in diabetes
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Summary. To clarify the separate influences of digestible car-
bohydrate and of dietary fibre on blood glucose control and
serum lipoproteins, 14 diabetic patients (six Type 1 and eight
Type 2) were submitted to three weight-maintaining diets for
10 days each: (1) low carbohydrate/low fibre diet with 42%
carbohydrate and 20 g fibre; (2) high carbohydrate/low fibre
diet (carbohydrate 53%, fibre 16 g); (3) high carbohydrate/
high fibre diet (carbohydrate 53%, fibre 54 g). In comparison
with the low carbohydrate/low fibre diet, the 2-h post-pran-
dial blood glucose and the daily blood glucose profile de-
creased significantly on the high carbohydrate/high fibre diet,
without significant changes during the high carbohydrate/low
fibre diet. The diet-induced modifications of blood glucose
control were similar in both types of diabetic patients (two-
way analysis of variance: F=5.86, p <0.02 for dietary treat-
ment and F=2.09, NS for type of diabetes). Total and low-
density lipoprotein cholesterol were also decreased after the
high carbohydrate/high fibre diet in comparison with the low

carbohydrate/low fibre diet (p <0.001 for both), while they
were not significantly modified after the high carbohydrate/
low fibre diet. Again the modifications of low density lipopro-
tein cholesterol induced by diet were similar in both types of
diabetic patients (F=10.02, p <0.005 for dietary treatment
and F=0.14 for type of diabetes, NS). High-density lipopro-
tein cholesterol was lower after the two test diets than after the
low carbohydrate/low fibre diet. However statistical signifi-
cance was found only for the high carbohydrate/high fibre
diet (p <0.005). In conclusion: (1) a simple increase of digesti-
ble carbohydrate without a parallel increase of dietary fibre
does not help in improving the metabolic control of diabetic
patients; (2) the hypoglycaemic and hypolipidaemic effects of
high carbohydrate/high-fibre diets are due principally to
dietary fibre.
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The American Diabetes Association Committee on
Food and Nutrition recommends that most diabetic
patients, especially those with Type1 (insulin-depen-
dent) diabetes, use a diet containing 50%-60% of the
caloric intake in the form of carbohydrate (CHO), limit-
ing the consumption of fats below 30% of the total ener-
gy intake [1]. Similar recommendations have been issu-
ed by other diabetic associations [2, 3]. This new strategy
was adopted with the aims of reducing the rate of
atherogenesis and improving blood glucose control in
patients with diabetes.

However, criticisms have been raised against these
dietary recommendations owing to the lack of sound
experimental data on which to establish the new strate-
gy [4]. The available information on the metabolic ef-
fects of high CHO diets is controversial [5-8].

Many confounding variables obscure the influence
of CHO on lipids and carbohydrate metabolism. In
many studies, high CHO diets were used which, at the
same time, were high in vegetable fibre. We have dem-
onstrated that a high fibre diet is able, per se, to improve

blood glucose control and to lower low-density lipopro-
tein cholesterol in diabetic patients [9, 10]. In other stud-
ies diets were not physiological, both in the use of non-
natural foods (liquid formula diet) and in the choice of
a very high CHO content (75%-85%) [5, 6}.

This study was therefore undertaken to evaluate the
effects of a simple increase of dietary CHO on blood
glucose metabolism and on serum lipoproteins, by com-
parison with a parallel increase of both dietary CHO
and fibre. All diets were composed of natural food-
stuffs and were tried in patients with both types of dia-
betes.

Subjects and methods

Subjects

Eight Type 2 (non-insulin-dependent) and six Type 1 (insulin-depen-
dent) diabetic patients participated in the study after giving informed
consent. The mean+ SD age was 47 £ 5 and 33 £ 13 years, respective-
ly. The average body mass index was 28 =5 and 22 +4kg/m? and the
duration of diabetes was 7+2 and 12 + 6 years.
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Table 1. Composition of the 2200 kcal diet

117

Low CHO/low fibre High CHO/low fibre High CHO/high fibre
(g/day) (%) (g/day) (%) (g/day) (%)
Protein 121 21 98 17 98 17
Fat
Total 93 37 76 30 74 30
Saturated 26 17 18
Mono-unsaturated 54 50 47
Poly-unsaturated 13 9 9
Cholesterol <0.250 <0.250 <0.250
Carbohydrate
Total 252 42 318 53 321 53
Simple 108 111 112
Complex 144 207 209
Plant fibre 20 16 54

@ Contribution to total (100%) available energy content of diet

Table 2. A daily scheme of the fibre-rich diet

Breakfast Snack
Skimmed milk (100 g) Apple (150 g)
Wholemeal bread (40g)
Cottage-cheese (30g) Dinner
Butter beans 80g)
Lunch Sole fish (100 g)
Spaghetti (70g) Mushrooms (300 g)
Beef (lean) (100 g) Wholemeal bread (100 g)
Artichokes (300 g) Strawberries (250 g)
Wholemeal bread 80g)
Orange (200 g) Snack
Apple (150 g)

50 g olive oil was consumed daily

Seven of the Type 2 diabetic patients were treated with glibencla-
mide (5-20mg), while the remaining patient was on diet alone. The
dosage of hypoglycaemic drugs was kept constant throughout the
experiment.

All the Type 1 diabetic patients were treated with two daily injec-
tions of insulin (isophane +soluble) before breakfast and dinner. The
insulin dosage was changed (% 4 units/day) if severe hypoglycaemic
attacks or marked glycosuria (> 5 g/day) occurred, but the time of in-
sulin therapy and the type of insulin used were always the same.

Diets

Patients were admitted to a metabolic ward and given three weight-
maintaining diets in a random order and for consecutive periods of
10 days. The diets were composed of natural food stuffs easily avail-
able at any food-shop. Their composition is outlined in Table 1: (1) a
low CHO (42%)/low fibre (20 g) diet which resembled a traditional
diet for diabetic patients used in many countries [11]; (2) a high CHO/
low fibre diet with an increased proportion of CHO (53%) and a low
amount of fibre as in the previous diet (16 g); (3) a high CHO/high fi-
bre diet with increased amounts of both CHO (53%) and fibre (54 g).

The three diets had similar amounts of soluble CHO and an iden-
tical polyunsatured/saturated fat ratio. They were distributed be-
tween the two main meals (lunch and dinner), a light breakfast and
three snacks. Each meal contained a fixed proportion of nutrients and
fibre and was consumed at the same time every day.

The vegetable fibre in the high CHO/high fibre diet was provided
mainly by leguminous sources (45%) and by different types of veg-
etables (37%), the remaining part being wholemeal bread (12%) and

fruit (6%). One of the various daily menus of the fibre-rich diet is giv-
en in Table2. Calories, nutrients and fibres were calculated from
tables of food composition [12] prepared using the Southgate method
for the analysis of dietary fibre [13].

Experimental procedure

During each experiment, patients were weighed daily. At the end of
each dietary period blood glucose levels were measured [14] on sam-
ples taken in the fasting state, before lunch, before dinner and 2 h af-
ter lunch and dinner. On the same day a fasting serum specimen was
taken for the analysis of cholesterol [15] and triglycerides [16] in total
serum and in the major lipoprotein classes, which were separated by
preparative ultracentrifugation [17].

Statistical analysis

The results of the low CHO/low fibre diet were compared with those
of each of the two remaining diets. Statistical significance was tested
by Student’s paired t-test [18].

A two-way analysis of variance [18] was utilized to test simultane-
ously the hypothesis that changing the type of diet from a low CHO/
low fibre diet to either a high CHO/high fibre or a high CHO/low fi-
bre diet has a similar influence on the various metabolic variables
considered in this study () and that this influence is similar for pat-
ients with both types of diabetes (F;). Moreover this type of analysis
evaluates the possibility that there is interaction between the diets and
the type of diabetes (F3).

Results

Blood glucose control

The influence of the three diets on blood glucose levels
is shown in Figure 1. Fasting blood glucose did not
show any significant modification during the three di-
etary periods, with average concentrations of 6.9+
2.5mmol/1 at the end of the low CHO/low fibre diet,
6.8 2.0 mmol/1 after the high CHO/low fibre diet and
6.4+2.2mmol/1 after the high CHO/high fibre diet.
The 2-h post-prandial blood glucose was significantly
lower after the high CHO/high fibre diet (6.8+
2.7 mmol/1) than after either the high CHO/low fibre
diet (9.0 £2.9 mmol/1, p <0.02) or the low CHO/low fi-
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Fig.1. Blood glucose control at the end of each dietary period. The bar indicates the average concentration + standard deviation for the whole

group of patients

Table3. Variations in blood ghicose levels on changing from the low
CHO/low fibre diet to either the high CHO/low fibre or to the high
CHO/high fibre diet, evaluated for Type 1 and Type 2 diabetic pat-
ients

Blood glucose (mmol/1) Variations seen when changing diets

Low CHO to Low CHO to high
high CHO with CHO +low fibre
low fibre to high fibre
Fasting Typel  -038+4.97 ~2.09+1.83
Type2 1.19+2.57 -0.17+1.18
F;=2.55 F,=198 F;=0.03
2-h Post-prandial ~ Typel -0.15£1.36 -2.83+£2.32
Type 2 1.13+£4.10 ~1.01+1.21
F;=2.09 F,=5.86" F3=0.07
Average daily Type1 -0.05+1.67 -1.29+1.75
Type2 0.68 +2.40 -1.05+£0.87
Fi=052 F;=486* F,=013

Results expressed as mean +SD. Two way analysis of variance:
F;=type of diabctes; F;=type of diet; Fs—interaction. *p <0.05;
bp <0.02

bre diet (8.7 +3.9 mmol/1, p <0.01). No significant dif-
ference was found between the high CHO/low fibre
and the low CHO/low fibre diet.

A similar pattern was seen in the average daily
blood glucose which decreased after the high CHO/
high fibre diet (6.4=+2.2 mmol/l) compared with both
the high CHO/low fibre diet (7.8£2.0mmol/l, p <
0.02) and the low CHO/low fibre diet (7.5 = 1.5 mmol/],
p <0.005). Once again no significant change was re-
corded between the two low fibre diets with low or high
CHO content.

Blood glucose level variations, observed when
changing from the low CHO/low fibre diet to either the
high CHO/low fibre diet or the high CHO/high fibre
diet, were then evaluated for each patient and a two-
way analysis of variance was performed (Table 3). This
type of analysis was chosen in order to test whether the
two high CHO diets, with different contents of veg-
etable fibre, had different influences on blood glucose
parameters. At the same time, by this type of analysis it
was possible to compare the effects of these diets in
Type 1 diabetic patients with those obtained in Type 2
patients.

Fasting blood glucose was not significantly influ-
enced by either the type of diabetes or the type of diet
(Table 3).

In the group with Type1 diabetes, the 2-h post-
prandial blood glucose concentration decreased by on-
ly 0.2+1.4mmol/1 after the high CHO/low fibre diet
and by as much as 2.8+2.3mmol/l after the high
CHO/high fibre diet, by comparison with the low
CHO/low fibre diet. In Type 2 diabetic patients the 2-h
post-prandial blood glucose concentration increased by
1.1+4.1mmol/1 after the high CHO/low fibre diet.
Conversely it fell by 1.0+1.2mmol/1 after the high
CHO/high fibre diet. The type of dietary treatment
(F,=5.86, p<0.02) but not the type of diabetes
(F;=2.09) had a significant influence on this parameter.
No interaction between diets and type of disease
(F3~=0.07) was statistically significant (Table 3).

The average daily blood glucose concentration
showed a similar pattern. In Type 1 patients it showed a
slight decrease after the high CHO/low fibre diet
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Fig.2. Composition of the major lipoprotein classes at the end of each dietary period. The bar indicates the average concentration + standard de-

viation for the whole group of patients

(-0.1+1.7 mmol/l) and a more pronounced reduction
after the high CHO/high fibre diet compared with the
low CHO/low fibre diet (-1.3 +1.7 mmol/1). In Type 2
patients the average daily blood glucose increased by
0.7 £2.4 mmol/1 after the high CHO/low fibre diet. It
decreased, instead, by 1.14:0.9 mmol/1 after the high
CHO/high fibre diet. Once again only the type of diet
(F»=4.86, p<0.05) was related to this parameter
(Table 3).

Serum lipoproteins

In Figure 2 the concentrations of the major serum lipo-
proteins are shown after each dietary period (available
for six Type 2 and five Type 1 patients).

The LDL cholesterol concentration was significant-
ly lower after the high CHO/high fibre diet 2.8+
0.7 mmol/1l) than after the low CHO/low fibre diet
(3.6 £ 0.8 mmol/1, p < 0.001) or the high CHO/low fibre
diet (3.8 + 1.3 mmol/l, p <0.01). No significant differ-
ence was found between the two low fibre diets with
different amounts of CHO. Total serum cholesterol lev-
els behaved in a similar way. The concentration fell to
4.7+0.7 mmol/1 after the high CHO/high fibre diet,
from 5.6 0.9 mmol/1 after the low CHO/low fibre diet
(p <0.001) or 5.9 %+ 1.3 mmol/1 after the high CHO/low
fibre diet (p <0.01). The difference between the two low
fibre diets was not significant.

The high-density lipoprotein (HDL) cholesterol was
also reduced after the high CHO/high fibre diet com-
pared with the low CHO/low fibre diet (1.3 = 0.3 versus
1.5+ 0.4mmol/l, p <0.005). After the high CHO/low
fibre diet the HDL cholesterol concentration of 1.4+
0.4 mmol/] was not significantly different from the
other two diets.

No significant differences between the three diets
were found in the concentrations of total serum trigly-
cerides. The triglyceride composition of the very-low-
density lipoprotein class (VLDL) was instead signifi-
cantly reduced after the high CHO/high fibre diet
compared with the high CHO/low fibre diet (0.9 +0.5
versus 1.1 £ 0.6 mmol/1, p <0.05). The VLDL triglycer-
ide concentration after the low CHO/low fibre diet
(0.8 £0.3 mmol/1) was not significantly different from
that found after the other two diets.

The ratio VLDL + LDL/HDL cholesterol was lower
after the high CHO/high fibre diet (2.6 £1.2) than after
the high CHO/low fibre diet (3.5 1.5, p <0.02) or the
low CHO/low fibre diet (2.9 £ 1.2). In the latter case the
difference did not reach statistical significance. The
comparison between the high CHO/low fibre and the
low CHO/low fibre diet showed a difference which was
significant at the 5% level.

The influence of the two high CHO diets and of
both types of diabetes on the composition of the major
serum lipoproteins was then checked by two-way analy-
sis of variance performed on the variations between the
concentration of serum lipoproteins after each of the
two high CHO diets and that found at the end of the
low CHO diet (Table 4).

A significant influence of the type of dietary treat-
ment (F,=10.02, p <0.005) was found only for LDL
cholesterol and not for HDL cholesterol or VLDL tri-
glycerides. Conversely a significant influence of the
type of diabetes was found for VLDL triglycerides
(F1=6.55, p <0.02).

Body weight

Despite the fact that the three diets were designed to
keep body weight constant, a slight but significant in-
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Tabled. Variations in serum lipoprotein composition changing from
the low CHO/low fibre diet to either the high CHO/low fibre or to
the high CHO/high fibre diet, evaluated for Type 1 and Type 2 diabet-
ic patients

Lipoproteins (mmol/1) Variations seen when changing diet

Low CHO to Low CHO to high
high CHO with CHO +low fibre
low fibre to high fibre
LDL Cholesterol Type 1 0.35£0.65 ~0.68 +0.66
Type2  0.17+0.99 -0.73+£0.38
F=014 F=10.02" F;=0.04
HDL Cholesterol  Typel -0.16+£0.29 -0.23£0.18
Type2 -0.09+0.29 -0.22+0.15
F=021 F=098 F=011
VLDL Triglycerides Typel -0.02+0.29 -0.28 £0.45
Type2  0.90+1.10 0.42+0.74
Fi=655% F,=137 F=012

Results expressed as mean+SD. Two way analysis of variance:
F;=type of diabetes; F,=type of diet; Fy=interaction. *p <0.02;
p < 0.005

crease in body weight was observed at the end of the
high CHO/high fibre diet (64.4+11.6kg) compared
with the low CHO/low fibre diet (64.0+11.5kg, p<
0.02). No significant difference was found after the high
CHO/low fibre diet (64.2 +11.6 kg).

Treatment

Although Type 2 diabetic patients did not have to modi-
fy their drug treatment during the study, four out of six
Type 1 patients had to reduce their insulin dosage by an
average of 4 units/day during the high CHO/high fibre
diet in order to avoid severe hypoglycaemic attacks.

Discussion

The results of this study clearly demonstrate that a sim-
ple increase of digestible CHO (up to 53% of the daily
caloric intake) gives no benefit at all in terms of blood
glucose control, compared with the traditional low fibre
(20 g)/low CHO (42%) diet (still used in many coun-
tries). Instead, parallel increases of dietary CHO (53%)
and fibre (54 g) produced a significant improvement in
blood glucose control, whether evaluated as post-
prandial blood glucose or as daily blood glucose profile
(Fig.1). Furthermore the high CHO/high fibre diet is
equally effective in both Type1 and Type2 patients
(Table 3).

Other groups have compared a high CHO/high fi-
bre diet with a traditional low CHO/low fibre diet, ob-
taining a substantial improvement in blood glucose
control with the former diet [19, 20]. This positive effect
on blood glucose control was ascribed both to the high
level of dietary CHO and to vegetable fibre. Our find-
ings clearly demonstrate that increasing the amount of
CHO in the diet from 240 to 320 g/day has very little in-
fluence on fasting blood glucose concentrations and, if
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anything, contributes to the deterioration of blood glu-
cose control in the post-prandial phase.

An increase in the amount of fibre in the diet is more
important for diabetic patients. We have shown in this
study (Fig.1), confirming our previous findings, that
dietary fibre, per se, can reduce blood glucose concen-
trations in diabetic patients [9]. Therefore any positive
effect of a high CHO/high fibre diet on blood glucose
control in diabetes has to be ascribed mainly to the high
level of dietary fibre.

A diet for the treatment of diabetic patients has to be
judged not only for its effects on blood glucose control
but also for its influence on atherogenesis and on the
major risk factors for atherosclerosis, such as lipids and
lipoproteins. Unfortunately, because of the experimen-
tal design of this study, only short-term lipoprotein re-
sults are available. Therefore further studies with longer
follow-up periods are needed before drawing more de-
finitive conclusions on the influence of dietary fibre on
serum lipoprotein composition.

A simple increase of dietary CHO without changes
in vegetable fibre did not modify LDL cholesterol con-
centrations in all the patients (Fig.2) to any significant
extent. This finding was not unexpected even if CHO
replaced the lipids in the high CHO/low fibre diet. Any
variation in dietary lipids was obtained keeping con-
stant the ratio between poliunsaturated and saturated
fats. It is well known that changes in the amount of
dietary fats have little effect on serum lipoprotein com-
position, if this ratio is kept constant [21].

Dietary fibre had a more pronounced effect than
CHO on the LDL lipoprotein fraction. A significant re-
duction of LDL cholesterol was, in fact, recorded after
the high CHO/high fibre diet (Fig.2). This was of the
same order of magnitude in both types of diabetes
(Table 4). A similar finding was found with a high fibre
diet in patients with Type Il hyperlipoproteinaemia
without diabetes [22].

HDL cholesterol was higher after the low CHO diet
than after either of the two high CHO diets, the differ-
ence being significant only for the high CHO/high fibre
diet (Fig.2). The two-way analysis of variance, however,
did not show any significant difference between the ef-
fects of the two high CHO diets on HDL (Table 4), thus
suggesting that a low dietary CHO level rather than a
low amount of dietary fibre might be able to increase
the HDL cholesterol concentration in diabetes. This is
confirmed by a recent study by Simpson et al. in which
HDL levels were higher after a simple reduction of di-
etary CHO without any modification of dietary fibre
[23]. These changes in HDL cholesterol reflect, in part,
parallel modifications in LDL cholesterol concentra-
tions [24] and are probably transient [25, 26]. The
VLDL+ LDL/HDL cholesterol ratio, a feature of the
lipoprotein pattern commonly considered an index of
potential atherogenicity, was significantly reduced after
the high CHO/high fibre diet compared with the high
CHO/1ow fibre diet.
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In Type 2 patients VLDL triglyceride concentrations
increased after changing from the low CHO diet to ei-
ther of the two high CHO diets, as shown by analysis of
variance (Table 4). This suggests that the mechanism of
the CHO-induced hyper-VLDL triglyceridaemia is
working only in Type 2 patients in whom dietary CHO
can produce endogenous hyperinsulinism [27, 28]
which, in turn, is responsible for accelerating VLDL
synthesis [29, 30}. However, dietary fibre can influence
VLDL metabolism, reducing VLDL triglyceride con-
centration (Fig.2).

In conclusion, increasing the CHO consumption in
the diabetic diet gives no benefit in terms of blood glu-
cose control or serum lipoprotein composition. Con-
versely, increasing at the same time both dietary CHO
and fibre improves blood glucose control and reduces
LDL cholesterol together with HDL cholesterol. There-
fore, according to the present evidence, an increase of
available CHO is justified for the dietary treatment of
patients with diabetes only when dietary fibres are in-
creased in a parallel fashion. The type of diet we have
used (high in fibre and with a moderate amount of
CHO) seems to have the therapeutical properties to jus-
tify a trial on a larger scale. Moreover, it is composed
only of natural food stuffs and is designed to resemble
closely the type of diet used in Mediterranean countries
a few decades ago.
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