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Moderate intake of sucrose does not impair metabolic control 
in pump-treated diabetic out-patients 
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Summary. The effects of dietary intake of sucrose versus the 
use of sodium cyclamate were studied in 10 Type 1 (insulin- 
dependent) diabetic patients on continuous subcutaneous in- 
sulin infusion therapy. After a 4-week run-in period, the pat- 
ients were randomly assigned to a cross-over protocol with 
two 4-week periods during which they used sucrose or so- 
dium-cyclamate as sweetener. During the experimental peri- 
ods, 24_ 13 g/day sucrose and 348 + 270 mg/day of sodium 
cyclamate were consumed, respectively. Metabolic control 
was monitored by the patients performing blood glucose self- 
monitoring several times daily. Bi-weekly, all patients were 
followed-up in our outpatient clinic. Mean daily blood glu- 

cose concentrations as well as the average daily insulin dose 
did not differ between the three experimental periods. HbAIo- 
levels, serum lipids and body weight remained unchanged 
and within the normal ranges throughout the study. Thus, 
moderate dietary intake of sucrose did not affect metabolic 
control in these normal weight, near-normoglycaemic, normo- 
lipidaemic, pump-treated Type I diabetic patients during a 
1-month period. Whether similar conclusions apply to less 
well controlled diabetic patients remains to be seen. 

Key words: Type 1 diabetes, sucrose, diet, metabolic control. 

Recently, Bantle et al. [1] and Slama et al. [2] have shown 
that sucrose taken during a mixed meal has no addi- 
tional hyperglycaemic effect over an isocaloric amount 
of starch in patients with diabetes mellitus. Their studies 
were conducted under experimental conditions, using 
defined testmeals and an artificial pancreas for intrave- 
nous insulin delivery [2]. However, the potential effects 
of a long-term use of sucrose in Type 1 diabetes are un- 
known. Therefore, we have studied the metabolic ef- 
fects of sucrose included in the diet of Type 1 diabetic 
outpatients treated with continuous subcutaneous insu- 
lin infusion. 

Subjects and methods 

Patients 

Ten Type I diabetic subjects, eight women and two men, 
aged 25-43 years with a diabetes duration of 6-18 years, 
volunteered to participate in the study which was car- 
ried out in accordance with the Helsinki Declaration [3]. 
All were C-peptide negative (postabsorptive C-peptide 
levels < 0.2 ng/ml) and of normal body weight (body 

mass index < 25 kg/m'). The patients had been on con- 
tinuous subcutaneous insulin infusion therapy [4, 5] and 
a "liberalized diet" [6] for more than I year. Their daily 
insulin dose was 0.56_0AOU/kg body weight 
(mean + SD). At the beginning of the study, they were 
well controlled, as indicated by near-normal HbAic-lev- 
els and normal serum lipids (Table 1). 

Study protocol 

After a 4-week run-in period, patients were assigned to 
use either sucrose or sodium-cyclamate as sweetener in 
random order for 4 weeks each. They were then asked 
to change over to sodium-cyclamate or sucrose, respec- 
tively, for another 4-week period. During the sucrose- 
period, sucrose and sucrose-sweetened foods were al- 
lowed ad libitum. The patients were provided with a 
brochure listing the carbohydrate and sugar content of 
sucrose-containing foods. The intake of sucrose-sweet- 
ened soft drinks, however, was discouraged. 

During the cyclamate period, sodium cyclamate was 
allowed ad libitum within the limitations set up by the 
World Health Organisation [7], i.e. not more than 
11 mg/kg body weight per day. 
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Table 1. Metabolic control in 10 patients on continuous subcutaneous insulin infusion during the three study periods 
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Initial Run-in period at Cyclamate period at Sucrose period at 

2 weeks 4 weeks 2 weeks 4 weeks 2 weeks 4 weeks 

Body weight (kg) 66.7 +7.6 66.4 +7.8 67.0 +7.6 67.8 _+8.1 67.6 ___8.0 67.1 -+7.1 66.8 +7.2 
HbAic (%) 7.55+0.42 7.77-+0.78 7.57-+0.69 7.37+0.59 7.46• 7.54+0.51 7.48_+0.44 
Total cholesterol 

(mmol/l) 5.02-+1.37 5.20_+1.09 5.17_+0.96 5.17_+1.16 5.09___0.80 5.22_+0.75 5.43_+1.09 
HDL-cholesterol 

(mmol/1) 1.83 + 0.34 1.94 • 0.49 1.89 _+ 0.52 1.74 +__ 0.42 1.81 • 0.57 1.86 -+ 0.52 1.86 -+ 0.36 
Triglycerides 

(mmol/1) 1.02 _+ 0.68 0.82 -+ 0.23 0.90 _+ 0.20 0.86 _+ 0.21 0.93 • 0,20 0.84 + 0.28 0.95 _+ 0.30 
Random plasma 

glucose (mmol/1) 7.48• 6.32_+4.02 6.66_+4.79 7.98• 6.60+2.97 5.28• 5.94+2.86 

Table 2. Evaluation of metabolic self-control (daily blood glucose 
readings) and food intake (recorded in detail on 3 consecutive days 
during each study period) as recorded by the 10 patients studied 

Run-in Cyclamate Sucrose 
period period period 

No. of blood glucose 
readings/4 weeks (total) 1273 1292 1420" 

No. of blood glucose 
readings/patient, day 4.2 + 0.3 4.3 _+ 0.3 4.7 _+ 0.4* 

% of blood glucose 
readings < 2.5 mmol/l  3 4 4 

Daily intake of 
carbohydrates (g) 236 + 75 191 • 79 216 + 79 
fat (g) 103 _+ 42 84 • 41 109 • 49 
protein (g) 79 _+ 42 77 --2- 38 90 + 44 

(*=p<0.05 versus run-in, or cyclamate period; unpaired compari- 
son) 

Self-monitoring of metabolic control and of food intake 

The patients performed regular blood glucose self-mon- 
itoring using battery powered reflectance meters or re- 
agent strips only. The quality of blood glucose self-mon- 
itoring was repeatedly checked against laboratory 
techniques. The glucose readings, the daily insulin 
doses (basal and prandial insulin supply) and the intake 
of carbohydrates were recorded every day in a diary. 
For study purposes, patients were asked to note the fre- 
quency and the amount of sucrose intake as assessed in 
common measures, such as "one teaspoon of sugar", 
"one sugar cube", "one Mars bar", "one piece of Black 
Forest cake" etc. During the cyclamate period, the pat- 
ients were given packages of cyclamate tablets and liq- 
uids. The consumption of sodium cyclamate was as- 
sessed at the end of the study period by counting the 
tablets and measuring the liquids that were left. 

To obtain a more detailed assessment of nutrient in- 
take, a 3-day dietary monitoring period was carried out 
within each of the three observation periods. Standard- 
ized check-lists were used, containing commonly eaten 
foodsstuffs described in commonly used measures, 
such as "one half slice of white bread", "one cup of 
nuts", etc. These foodcharts were to be filled in by the 
patients during their meals (modified "notes at the 
table" [8]). 

Assessment of metabolic control 

Bi-weekly, all patients were followed up in our outpa- 
tient clinic for determination of body weight, random 
postprandial plasma glucose, HbA~c-levels, and non- 
fasting serum concentrations of total cholesterol, HDL- 
cholesterol and triglycerides. Plasma glucose was mea- 
sured using a Beckman glucose analyzer (Beckman 
Instruments, Fullerton, California, USA). HbAIo levels 
were determined according to FRickinger and Winter- 
halter [9]; the normal range for HbAI~ was 4.1-7.8%. Se- 
rum lipids were measured using standard laboratory 
techniques [10]. 

Statb~tieal evaluation 

Student's t-test was used for paired and unpaired com- 
parison. The criterion of statistical significance was 
(p <0.05. In the text and tables, data are given as 
mean + SD, in the figures as mean + SEM. 

Results 

During the 4-week periods, the patients consumed 
717 _+ 377 g (range 310-1497 g) of sucrose, i.e. 24_+ 13 g 
of sucrose per day and 10.46_+ 8.09 g (range 2.4-30 g) 
sodium cyclamate, i.e. 348 + 270 mg sodium cyclamate 
per day (approximately 5 mg/kg body weight per day), 
respectively. The evaluation of the 3-day dietary moni- 
toring revealed that nutrient intake was comparable be- 
tween the three observation periods, with regard to the 
consumption of carbohydrates, protein and fat 
(Table 2). 

The frequency of blood glucose self-monitoring was 
significantly higher during the sucrose period (Table 2). 
The frequency of blood glucose readings of < 
2.5 mmol/l  indicating biochemical hypoglycaemia, was 
comparable during all three study periods (Table 2). 
Mean daily blood glucose concentrations ranged be- 
tween 5.5 and 9.5 mmol/l, except for patient 9 (Fig. 1). 
The differences between the three observation periods 
were statistically insignificant. Patient9 had frequent 
technical problems with her insulin pump and the 
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catheter materials. In relation to such difficulties, she 
recorded episodes of hyperglycaemia; hence, her 
HbAiclevels were somewhat higher (HbAic 8.12-8.82%) 
than those of the other patients. Patients did not change 
their insulin-meal-timing and the mean daily insulin 
supply did not differ significantly between the study pe- 
riods: neither the basal insulin infusion rate nor the 
prandial insulin requirements changed significantly be- 
tween study periods (Fig. 2). Body weight and metabolic 
control measured during the bi-weekly visits of the pat- 
ients to our outpatient clinic are summarized in Table 1. 
There were no significant differences between the three 
observation periods with regard to body weight, HbAxc- 
levels and serum lipids, all of which remained un- 
changed within the normal range (except for the HbAtc 
levels of patient 9). 

Discussion 

Traditionally, sucrose has been banned from the diet of 
diabetic patients, although this dogma appears to lack 
adaequate sicientific support [11]. In fact, sucrose has 
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Fig.l.  Mean daily glycaemia based upon 
blood glucose self-monitoring as performed 
and recorded by the 10 patients of the study 
during the three experimental periods of 
4 weeks' duration each. [ ]  run-in period; 
[ ]  sucrose period; [ ]  cyclamate period 
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Fig. 2. Mean daily insulin dose delivered 
subcutaneously by insulin pump as re- 
corded by the 110 patients studied during the 
three experimental periods of 4 weeks' du- 
ration each. Symbols as in Figure 1. The 
horizontal lines divide the insulin dose de- 
livered as the basal insulin infusion rate 
(lower part of the bars) from the sum of the 
pre-prandial insulin boluses given during 
24 h 

repeatedly been shown to have comparable glycaemic 
effects to many other carbohydrates when given during 
testmeal studies [1, 2, 12-15]. This study shows that 
Type I diabetic outpatients on continuous subcutane- 
ous insulin infusion therapy did not experience any 
metabolic disadvantages during a 1-month period when 
including moderate amounts of sucrose (approximately 
10% of their total carbohydrate intake) in their diet (al- 
beit the study period may have been too short to detect 
subtle changes in HbA~o levels). An average sucrose 
consumption of 24 g/day did not induce weight gain, 
hyperlipoproteinaemia, or increasing insulin require- 
ments in these subjects; indicating that the patients had 
exchanged the amount of carbohydrates derived from 
sucrose isocalorically against carbohydrates from other 
sources. This is in line with the instructions given to the 
patients at the initiation of pump treatment [6] accord- 
ing to which the amount of carbohydrate to be ingested 
is one of the main determinants of the prandial insulin 
requirement [16,17]. 

The diet notebooks revealed that the patients ate 
honey, Danish pastry, pudding, ice-cream, sweets, jam, 
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table sugar, or (in moderate quantities) drank soft 
drinks during the sucrose period. However, they used 
sucrose as a sweetener and did not abuse it as a nutrient 
- something which cannot be said of the general popu- 
lation of our Western industrialized societies [18,19]. 

This study indicates that a moderate consumption 
of sucrose within the limitations set up by the British 
National Advisory Committee on Nutrition Education 
[20] for the general population may have no adverse ef- 
fect in normal weight, normolipidaemic, near-normo- 
glycaemic Type 1 diabetic patients on insulin-pump 
therapy. 

Although sucrose is not an essential foodstuff, and 
artificial sweeteners are a reasonable alternative, it ap- 
pears no longer justified to totally withhold sucrose 
from the nutrition of well-controlled, non-obese, nor- 
molipidaemic Type 1 diabetic patients. However, large 
amounts of rapidly digested sucrose-containing foods 
or drinks should be discouraged as their glycaemic ef- 
fects might arise too intensively to be covered by the ac- 
tion of subcutaneously administered insulin. 

In accordance with Slama et al. [2] we hypothesize 
that liberalization of the diet and in particular of the 
sucrose intake within such limitations might have posi- 
tive effects on overall diabetes management in Type 1 
diabetes mellitus, as it may help these patients to com- 
ply with the more important aspects of diabetes care 
[21], such as metabolic self-monitoring and insulin dos- 
age adaptation. 
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