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Summary. Xylitol has been suggested as a potentially
useful sweetener in the diabetic diet. In 14 insulin-
dependent diabetics a standard diabetic diet regimen
was compared with diets in which starch was isocalor-
ically exchanged in the breakfast meal by either 30 g
xylitol or 30 g sucrose. Insulin requirement and blood
glucose were measured using a glucose-controlled
insulin infusion system. The results following break-
fast with xylitol were similar to those after starch
breakfasts. Sucrose, in contrast, induced a greater
post-prandial rise in blood glucose levels despite
counter-regulation by the glucose-controlled insulin
infusion system. Insulin requirement after sucrose
significantly exceeded (p < 0.01) that after xylitol or
starch during the first 60 min and 2 h respectively. No
short-term side effects of xylitol were found.
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The non-glucose carbohydrates, fructose and sor-
bitol, have been widely used for many years as dia-
betic sweeteners [24]. Xylitol has also been suggested
in this role [3, 4, 11, 27]. Its metabolism is largely
independent of insulin [12, 18, 20] and makes no
major contribution to the glucose pool [13, 15, 23].
Compared with glucose or sucrose, xylitol leads to
smaller increments in blood glucose level and in insu-
lin requirement, in both healthy and diabetic indi-
viduals [1, 2, 8, 10, 25, 26]. It has, however, been
suspected that this advantage of xylitol administered
alone may disappear when the sweetener is incorpo-
rated into a meal as part of a normal diabetic diet

[30]. The aim of the present study was to find out if
there were differences in the blood glucose-induced
insulin requirement when either xylitol or sucrose
was substituted isocalorically for starch in one meal
of a six-meal diabetic diet regimen.

Materials and Methods

Patients

Fourteen insulin-dependent diabetics were studied, with mean age
29 + 11 SD years and mean percentage ideal body weight 102.4 +
7.5 SD. C-peptide concentrations were below 1 ng/ml, both fasting
and during the 6h following test meals. None of the patients
showed complications such as neuropathy, angiopathy or
retinopathy. Apart from diabetes there were no endocrine or
metabolic disturbances, and insulin was the only drug used.
Patients with diseases of the liver, kidney or intestine or with pre-
vious gastrointestinal surgery were excluded. The aim of the study
was explained to each patient and all gave their informed consent.

Diet

During the three days of investigation the patients received a
diabetic diet providing the estimated calorie requirement at rest
(117 kJ/kg body weight = 28 kcal/kg body weight). Calorically
the diet consisted of 40% carbohydrates, 40% fat and 20% pro-
tein. The diet was distributed over six meals: breakfast at 0800 h,
which was kept quantitatively constant in all patients; snack at
1000 h; lunch at 1300 h; snack at 1500 h; dinner at 1800 h; snack
at 2100 h. Intra-individually the meals were begun at exactly the
same time. Calorie-free drinks were allowed ad libitum.

Test Meals

Breakfast was used to study the effects of an isocaloric exchange of
starch by either xylitol or sucrose. It consisted of unsweetened tea
or coffee ad libitum, 15 g evaporated milk (unsweetened), 20 g
margarine (Becel), 50 g corned beef, 100 g cottage cheese and 36 g
carbohydrate. The total calorie content was kept constant at
1880 kI (= 1450 kcal) in all individuals. The only variation in the
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Fig. 1. Blood glucose levels (mmol/l, means = SD) at 10 min inter-
vals following sucrose (n = 14 cases), xylitol (n = 14 cases) and
starch (n = 10 cases) test meals. B = breakfast, S = snack, L =
lunch. No significant differences (see text).
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Fig. 2. Insulin requirement (U/10 min; means * SD) following
sucrose (7 = 14), xylitol (# = 14) and starch (n# = 10) test meals.
First column = mean fasting insulin requirement in U/10 min *
SD.

* p < 0.05 compared with starch

#% p < 0.001 compared with starch. B = breakfast, S = snack, L
= lunch

breakfast was with respect to the carbohydrate composition. In
one test meal the total amount of 36 g carbohydrates consisted
entirely of starch in the form of 75 g ryebread (hereafter referred
to as “starch test meal™). In the other two test meals the carbohy-
drates consisted of 6 g starch in the form of 12.5 g ryebread, and
30 g sucrose (“sucrose test meal”) or 30 g xylitol (“xylitol test
meal”’). Sucrose or xylitol were mixed with the cottage cheese. The
other meals were identical on all three days and standardised for
each patient. The sequence of the different test meals was ran-
domized (3 X 3 latin square). The breakfast test meals were com-
menced at time 0 and were eaten within 10-15 min. Patients were
supervised to ensure total ingestion of all meals.
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Blood Glucose Levels and Insulin Requirement

Blood glucose level and insulin requirement were measured and
recorded at 1 min intervals by means of a Miles Biostator (glucose-
controlled insulin infusion system, GCIIS) as previously described
[28]. The blood glucose was set to 4.4 to 6.7 mmol/l (80 to
120 mg/dl). All patients were treated by the GCIIS overnight,
starting between 1400 h and 1800 h on the day before the first test
meal. The last SC insulin injection of short-acting or intermediate-
acting insulin was given at least 24 h before the first test meal.
Once the protocol was begun, most of the patients were main-
tained on GCIIS treatment continuously for at least 74 h. The first
three patients, however, followed a test protocol for only 52h,
comparing xylitol and sucrose test meals. In one of these the pro-
tocol was interrupted after 62 h because of technical problems.
The other two patients were unwilling to continue beyond 62 and
64 h respectively; this was not related to meal palatability. A
further patient ingested pure glucose on the starch test meal day
and this day was excluded from evaluation. Unfortunately all these
interruptions affected starch test days, despite random order of
meals, but they did not appear to be related to palatability of the
test meals.

Xylitol and C-Peptide in Blood

Venous blood was drawn before, 30 and 60 min after beginning
the test meal and subsequently at each hour for 6 h for determina-
tion of xylitol and C-peptide. For xylitol determination the blood
samples were immediately mixed with ice cold 1 mol/l perchloric
acid (1:3). Determinations were carried out enzymatically with
1-iditol-dehydrogenase [5]. Serum C-peptide was measured
radioimmunologically as described by Kaneko et al. [17] using
reagents provided by BYK-Mallinckrodt. The fasting normal
range was from 1.1 to 3.6 ng/ml [19].

Polyols in Urine

Urine was collected for 12h before and two consecutive 6 h
periods after each test meal for polyol determination (1-iditol-
dehydrogenase) [5].

Side-Effects, Taste

The patients were questioned about sweetness and after-taste of
the different test meals and about subsequent flatulence or diar-
rhoea.

Evaluation of the Data

Blood glucose levels and insulin requirements throughout the 6 h
were analysed. Statistically the data were compared intra-individu-
ally by the paired, two-tailed Student’s t-test. Results are given as
mean * SD. Only the 10 patients completing the 74 h protocol are
included in the analysis, but the random meal order was not dis-
turbed as three of the four patients excluded were in the pilot
study, which was not included in the full randomization process.

Results

Blood Glucose Levels

Figure 1 shows that blood glucose reached higher
levels after sucrose (maximum 9.1 *+ 2.5 mmol/l at



W. Hassinger et al.: Xylitol, Sucrose, Starch and Insulin Requirements

40 min, NS) than after xylitol (7.8 = 0.9 mmol/l at
40 min, NS) compared with starch test meal (7.8 +
1.0 mmol/1 at 50 min). Following the peak caused by
sucrose, blood glucose fell more quickly compared
with xylitol or starch. Intra-individually there was no
significant difference between the areas under the
blood glucose curves following starch test meals
(2026 + 2151) and those following either sucrose
(3504 £ 2311, NS) or xylitol (1867 = 1981, NS).

Insulin Requirement

As shown in Figure 2 the sucrose test meals induced a
rapid and substantial increase in insulin requirement
during the first 2 h (cumulative insulin requirement
at 60 min 12.5 + 5.4 U, at 120 min 18.8 £ 6.0 U). In
contrast following either xylitol or starch test meals
insulin requirement rose more slowly (following
xylitol cumulative insulin requirement at 60 min 7.6
+ 2.1 U, at 120min 12.4 + 2.9 U; and following
starch at 60 min 7.3 * 2.2 U, at 120 min 13.2 + 3.4
U). Food-induced insulin consumption over the first
hour was significantly higher after sucrose test meals
than after starch meals (0-30min p < 0.01,
30-60 min p < 0.05). In contrast food-induced insu-
lin requirement was significantly lower between 60
and 90 min (p < 0.001) after xylitol test meals than
after starch. Fasting insulin requirements before the
different test meals showed no significant differences.
After lunch at 6 h after the test meals insulin require-
ment was still highest after sucrose test meal (36.9 +
9.4 U) and lowest after xylitol (32.2 = 7.9 U). After
starch test meals it was 35.8 = 7.9 U). Between hours
6 and 12 no difference in insulin requirements was
found.

Xylitol in Blood, Polyols in Urine

The xylitol concentration in the blood after xylitol
test meals was very low and at no time exceeded
0.6 mmol/l. Three hours after the test meals xylitol
was no longer detectable. Total urinary polyol excre-
tion after xylitol test meals was 74 % 19 mmol/h
amounting to a maximum of 0.8% of ingested xylitol.
This showed no difference from polyol excretion
after starch test meals (80 + 22 mmol/l).

Side-Effects, Taste

None of the patients experienced flatulence or diar-

rhoea after ingestion of xylitol-containing meals. Ele-

ven patients reported no difference in taste between
xylitol and sucrose test meals, but three patients felt
that the xylitol test meal was too sweet.
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Discussion

There is ample evidence that good control of the
blood glucose level benefits diabetic patients, espe-
cially with regard to the late complications of dia-
betes [6, 7, 16, 21, 22, 26]. Rapidly absorbed glu-
cose-type carbohydrates, such as glucose or sucrose,
should be avoided in the diabetic diet [8]. There is
some controversy, however, as to whether replace-
ment of sucrose by other nutritive sweeteners incor-
porated in regular meals facilitates metabolic control
{1, 2, 30]. Our results clearly show that sucrose incor-
porated in a test meal induces a striking rise in blood
glucose despite increased exogenous insulin
administration by GCIIS. On the other hand, xylitol,
which is more slowly absorbed in the gut [8] and
gradually converted to glucose [8, 14] in the liver,
behaves like starch as far as the effects on the blood
glucose and insulin requirement are concerned. No
short term side effects such as flatulence or diarrhoea
could be observed after 30 g xylitol incorporated in
one meal, but might be expected with amounts grea-
ter than 40 g [8]. Although intravenous infusion of
xylitol may lead to overload, this does not occur with
oral administration because intestinal absorption is
limited. Long term investigations have failed to show
any metabolic disturbances using oral xylitol in a
dose of 50 g reasonably distributed over the day [29].
However, particularly in view of the cost of this sub-
stance further long term studies to determine patient
acceptance are needed before considering xylitol for
general use as a sweetener in the diabetic diet.
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