SHORT REPORTS

Sterile water alone induced no reaction. In a separate
test performed the next day, diphenhydramine was injected into the same site as the insulin and hydrocortisone mixture. This combination prevented both
immediate and delayed reactions. In conclusion, the
results clearly demonstrate that our patient displayed
both immediate and delayed hypersensitivity to human
insulin, which could be prevented by simultaneous
administration of local antihistamine and corticosteroid,
respectively.
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Effect of Sucrose-Containing Snacks
on Blood Glucose Control
To determine whether ingestion of sucrose-containing
snacks would affect blood glucose (BG) control, 16
subjects with insulin-dependent diabetes mellitus
participated in a 5-day double-blind study at a diabetes
camp. Eight subjects in the sucrose group ate sucrose-
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sweetened snacks twice a day, and 8 subjects in the
control group ingested snacks that were sweetened
with aspartame. The percentage of total daily calories
derived from added sucrose was 7% for the sucrose
group and 1 % for the control group. Metabolic control
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ased on these clinical observations, it was decided that optimally a mixture containing adjusted proportions of insulin, diphenhydramine,
and hydrocortisone could be injected together to
prevent local reactions. However, although this simple
set of skin tests both defines the types of allergic reactions and suggests a mode of treatment, management of
these reactions is beset by numerous complicating factors. It has been suggested that a solution of diphenhydramine and insulin is incompatible due to precipitation
of insulin probably related to lowering the pH (2,6).
Moreover, hydrocortisone is not stable for >3 days in
aqueous solution and is even less stable when mixed
with diphenhydramine (7). Thus, the patient was sent
home with instructions to apply a high-potency topical
corticosteroid preparation (0.05% fluocinonide) to her
injection site 30 min before injection and to take terfenadine (60 mg), an oral antihistamine lacking the side
effects of drowsiness characteristic of other antihistamines. Although providing considerable relief, this regimen was not completely effective, presumably because
of lower local concentrations of antihistamine and corticosteroid attained at the injection site and variability
in the application of the corticosteroid cream. We subsequently have been able to overcome some of these
problems by the administration of a stable mixture containing insulin and dexamethasone at a concentration
of 1 (xg dexamethasone/1 U insulin. This preparation
prevents the more disturbing delayed reaction, but systemic antihistamines are still required to minimize the
immediate hypersensitivity reaction. With this treatment
protocol, our patient has been able to achieve good

diabetic control on insulin, free of bothersome side effects. After 6 mo on this therapeutic program, her glycohemoglobin level was 6.6% (normal range 4-6.3%).
This suggests that the addition of dexamethasone to insulin does not affect the bioavailability and efficacy of
insulin.
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was assessed by daily capillary BG measurements
obtained before meals and the bedtime snack and by
determination of serum fructosamine (F) concentrations
on arrival at camp (day 0) and after 5 days on the study
protocol (day 5). No significant difference was seen
between the groups on day 0 (sucrose group [mean ±
SD]: BG 9.9 ± 3.6 mM, F 3.54 ± 0.38 mM; control group:
BG 9.1 ± 2.8 mM, F 3.74 ± 0.71 mM) or day 5 (sucrose
group: BG 8.8 ± 2.6 mM, F 2.94 ± 0.32 mM; control
group: BG 7.4 ± 2.8 mM, F 2.92 ± 0.59 mM). We
conclude that ingestion of sucrose, added to snacks in
an amount up to 7% of total energy intake, does not
adversely affect short-term BG control. Diabetes Care
12:423-26, 1989

MATERIALS AND METHODS

Sixteen staff members (3 dietitians, 12 counselors, and
1 camp director) with IDDM at Camp GranADA, a summer camp for children with diabetes mellitus sponsored
by the American Diabetes Association Downstate Illinois Affiliate, were randomly assigned to the control or
sucrose group. The membership of each group was unknown to the subjects, camp dietitians, and camp physicians. Baseline characteristics of the two groups are
shown in Table 1. All subjects were within 10% of ideal
body weight. This project was reviewed and approved
by the Institutional Review Board, University of Illinois
College of Medicine, and written informed consent was
obtained from all subjects.
Subjects in both groups ate the standard camp diet
except for the midmorning and midaftemoon snacks,
which were sweetened with sucrose for the sucrose group
and with aspartame for the control group (Table 2). The
snacks were prepared and divided into portions equivalent to one bread exchange and color-coded before the
study by one of the investigators (P.A.W.) who did not
attend the camp. Camp meal plans were standardized
according to calorie level, and the number of snack
portions ingested at a given time depended on the subject's calorie level. Similar types of snacks were ingested
by the two groups on different days so that portion size
and texture could not be compared. Food intake was
recorded on a flow sheet, and actual nutritional composition for both groups was calculated after the camp
session (Table 3; 10). Because the subjects were more
physically active at camp than at home, their baseline
calorie intake was increased by 5-10%, and their baseline insulin doses were decreased by 5-10% on arrival

TABLE 1
Baseline characteristics of study subjects
Groups
Sucrose

Control
n (M/F)
Age (yr)
Duration of IDDM (yr)
Clycosylated hemoglobin, normal <7.5 (%)
Insulin (U/day)
Diet (cal/day)

24
16
11.5
59
2200

±
±
±
±
±

4/4
8 (16-39)
7(4-25)
3.1 (7.9-18.4)
42 (20-156)
800(1400-3500)

20 dt
10 dt
12.2 dt
73 dt
2500 ±

5/3
5 (16-31)
2(5-12)
1.9(8.3-13.7)
21 (48-112)
600(1800-3200)

Values are means ± SD; ranges are in parentheses.
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ucrose has been traditionally excluded from the
diet of patients with insulin-dependent diabetes
mellitus (IDDM), based on the belief that sucrose
is more rapidly absorbed from the gastrointestinal
tract and causes a greater rise in blood glucose concentrations than that seen after ingestion of more complex
carbohydrates. Several recent clinical investigations have
not supported this hypothesis (1-8). In a well-controlled
study by Bantle et al. (1), patients with IDDM were able
to consume 23% of their total calories as sucrose for 8
days without adversely affecting blood glucose control
or serum lipids. In a study by Peterson et al. (8), 12 subjects with IDDM ingested 45 g of sucrose with each
meal for a period of 6 wk. Again, blood glucose and
serum lipid concentrations were unaffected.
Despite these studies, there is still a reluctance on the
part of physicians, dietitians, and patients to accept sucrose as a normal component of the diabetic diet. One
reason may be that previous studies may not be completely applicable to the typical patient with IDDM. The
subjects studied by Bantle et al. (1) were all in good
metabolic control, and the study was performed in a
clinical research unit. Other investigations have examined the response to eating just one meal or snack or
have been performed during modes of therapy that are
not used by most patients with IDDM, such as the artificial pancreas or subcutaneous insulin pumps (2-7).
Finally, the study of Peterson et al. (8) has been criti-

cized because it was performed in an outpatient setting
where dietary intake was not controlled (9).
In an effort to evaluate this question further, we examined the effect of ingesting sucrose-containing snacks
on blood glucose concentrations in a group of conventionally treated subjects who were in varying degrees of
metabolic control for 5 days in a closely monitored outpatient setting.
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TABLE 2
Composition of control- and sucrose-group snacks
Croups
Control

Sucrose

Carbohydrate (g)
Other
sugars*

0
0
3.5
0
0
0
3.7

0.6
0
0.2
8.4
2.8
7.5
0.6

Starch Lactose

10.2
7.2
4.8
5.6
9.8
9.5
10.3

Protein
(g)

Fat
(g)

3.6
6.4
5.4
3.7
2.8
2.2
2.5

9.5
3.6
7.8
7.3
4.9
11.7
11.8

0.4
9.2
5.8
0
1.1
0
0

Calories

Added
sucrose

Other
sugars*

9.8
8.0
8.7
7.4
10.5
9.6
11.7

0.3
0
0.1
4.0
1.0
0.3
0.7

145
124
149
137
110
182

175

Starch Lactose

5.0
2.8
3.4
2.7
5.1
5.2

5.8

0.2
4.6
1.9
0
0
0
0

Protein
(8)

1.8
3.6
2.1
1.8
1.1
1.2

0.8

Fat
(g) Calories

4.8
2.3
4.2
3.5
2.6
5.9
0.1

112
97
103
95
94
118

77

*Clucose, maltose, fructose, and sucrose contained in fruits and prepared foods (10).

at camp. Total daily calorie intake was then altered by
camp dietitians depending on the subject's appetite.
Capillary blood glucose was measured four times per
day (before meals and the bedtime snack) with AccuChek blood glucose monitors (Boehringer Mannheim,
Indianapolis, IN). Blood glucose results were reviewed
daily by camp physicians, and insulin doses were adjusted to maintain optimal blood glucose control. Metabolic control was evaluated by daily capillary blood
glucose measurements and by serum fructosamine determinations that were drawn on arrival at camp (day 0)
and after 5 days on the study protocol (day 5). Serum
fructosamine was determined colorimetrically (ClycoPROBE GSP, Isolab, Akron, OH) (11). Samples were
stored at - 70°C, and both samples from each subject
were analyzed in the same assay.
The Mann-Whitney U test for two independent samples was used to compare blood glucose (daily mean
and specific preprandial and bedtime measurements) and
serum fructosamine concentrations between the control
and sucrose groups. Differences within the groups on

Groups

Energy intake (cal/day)
Carbohydrates (%)
Sucrose
Other sugars
Starch
Lactose
Protein (%)
Fat (%)

2312
43
1
12
23
7
21
36

±
±
±
±
±
±
±
±

882
2
1
1
3
2
3
3

Values are means ± SD.
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RESULTS
No significant difference was seen between the control
or sucrose group for daily capillary blood glucose levels
or fructosamine concentrations on days 0 and 5. Both
groups had an improvement in metabolic control, as
indicated by a decrease in mean daily blood glucose
and fructosamine concentrations, by day 5 (Table 4).
Changes in insulin dose and daily energy requirements
from baseline were similar in both groups: control group
decreased 9 ± 11 U/day (15%), increased 112 ± 125
cal/day (5%); sucrose group decreased 10 ± 13 U/day
(14%), increased 150 ± 278 cal/day (6%). The number
of hypoglycemic episodes per subject, defined as typical
symptoms of neuroglycopenia and/or a capillary blood

TABLE 4
Blood glucose and fructosamine concentrations at
baseline (day 0) and after 5 days on study protocol
(day 5)

TABLE 3
Nutrient composition of study diets

Control

days 0 and 5 were determined by Wilcoxon's 7 test
for two dependent samples. Results are expressed as
means ± SD.

Groups

Sucrose

2650 ± 692
47 ± 2
7
12
21
7
20
33

±
±
±
±
±
±

2
2
3
1
1
2

Blood glucose (mM)
Day 0
Day 5
Fructosamine (mM)
Day 0
Day 5

Control

Sucrose

9.1 ± 2.8
7.4 ± 2.8

9.9 ± 3.6
8.8 ± 2.6

3.74 ± 0.71
2.92 ± 0.59*

3.54 ± 0.38
2.94 ± 0.32*

Values are means ± SD.
*P < .01 vs. day 0.
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Oatmeal fudge
cookie
Fudgesicle
Fudge cookie
Granola bar
Banana bar
Coconut bar
Cereal bar

Added
sucrose

Carbohydrate (g)

SHORT REPORTS

glucose concentration of <3.9 mM, did not vary between the two groups (control group 2.6 ± 2.1 and
sucrose group 2.6 ± 1.8). No significant change in
weight occurred in any of the subjects.

Glucose

1 mM = 18 mg/dl

Fructosamine

1 mM = 24.93 mg/dl
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These results pertain only to short-term metabolic
control, because the length of the camp session prevented observation over a longer period. Further studies
during longer camp sessions would be needed before
the results of this study could be generalized to chronic
situations. A longer study period would also allow subjects to adapt to the increased exercise at camp. However, it is unlikely that the additional physical activity
compensated for the hyperglycemic effect of the sucrose, because both groups engaged in the same activities and had comparable numbers of hypoglycemic reactions and changes in insulin and calorie requirements.
The average American is reported to consume —18%
of his total daily calories as sucrose (12). Although subjects in the sucrose group ate less than that amount, the
average amount of sucrose ingested at one time was 24
g, which is equivalent to the amount contained in 2
fudge brownies, 1V2 iced cupcakes, or a slice of apple
pie (13). Inclusion of these foods in the diet would help
to lessen the feeling of deprivation experienced by many
patients with IDDM. The results of this study suggest
that up to 7% of total calories can be ingested as sucrose
and added to snacks for as long as 5 days without adversely affecting metabolic control in patients with
IDDM.
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everal aspects of our study are unique. All subjects received conventional therapy with two injections of insulin per day. Metabolic control at
the beginning of the study ranged from excellent
to very poor. The camp was an excellent outpatient setting in which the subjects could exercise and where
their food intake was closely monitored and controlled.
Under these conditions, no deterioration in glucose
control was seen when subjects in the sucrose group ate
sucrose-sweetened snacks twice a day for 5 days. Serum
fructosamine, a measurement of glycosylated serum proteins that reflects mean glycemia over the preceding 1 3 wk, fell in all subjects (11). The improvement in glycemic control was probably due to increased frequency
of blood testing, careful adjustment of insulin doses, and
increased exercise. More important, no significant difference in glucose control was seen between the group
that ate the standard camp diet and the group that ingested sucrose-sweetened snacks.

