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Summary

The effect of ingestion of uncooked cornstarch (2 g/kg body
weight) in water, uncooked starch (1 g/kg) added to a meal, and
glucose (2 g/kg) in water, was studied in eight patients with type
I* glycogen storage disease (GSD) and one patient with type I®
GSD. Blood glucose concentrations were determined at 30-min
intervals during each tolerance test; blood lactate, blood insulin,
and expiratory hydrogen were determined at 60-min intervals.
The glucose levels remained in the normal range (=1.8 mM)
during approximately 6.5-9.0 h, 3.5-6.5 h, and 2.25-4.0 h during
the three tolerance tests, respectively. The lactate levels differed
markedly for the different tests per patient, and for the same
type of test between the patients. Blood insulin concentrations
after starch administration did not exceed values of 50 mU/liter
above fasting levels and were markedly lower than those after
glucose administration (maximum levels of 280 mU/liter). The
expiratory hydrogen excretion did not increase or only slightly
increased after cornstarch administration (<20 ppm).

Abbreviations

GSD, glycogen storage disease
GDF, gastric drip feeding

Patients with deficiency of glucose-6-phosphatase (GSD 1#)
and glucose-6-phosphate translocase (GSD IP) cannot produce
glucose from glycogen stores or by gluconeogenesis because of
their functional absence of glucose-6-phosphatase activity (14).
Plasma glucose concentrations therefore completely depend on
exogenous sources. The primary aim of treatment is prevention
of hypoglycemia. Since the introduction of continuous gastric
drip feeding (1), many pediatricians have treated their type I
patients with overnight GDF and frequent daytime feeding,
resulting in catch-up growth, decrease of hepatomegaly, and
improvement of biochemical abnormalities (7, 8, 11, 12). Despite
these good results, some major problems remain during long-
term treatment. Nocturnal GDF, especially with a glucose
amount over 8 mg/kg/min, renders these patients very carbo-
hydrate-dependent and severe symptoms of hypoglycemia may
occur at blood glucose concentrations which have previously
been well tolerated (18). Such carbohydrate dependency may
occur also at lower glucose quantities administered as kg/min,
though less severely. For some patients and their parents, noc-
turnal GDF may be too complicated. The positioning of the
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gastric tube through the nose may ultimately cause irritation of
the mucous membrane, nose bleeding, and nose and ear infec-
tions. The present studies were therefore undertaken to explore
whether the use of slow release carbohydrate would decrease the
carbohydrate dependency of the patient and whether its substi-
tution for GDF would be feasible.

PATIENTS AND METHODS

Eight patients with biopsy-documented glucose-6-phosphatase
deficiency (GSD 1#) and one patient with glucose-6-phosphate
translocase deficiency (GSD IB) were studied. The nine patients,
ages 5-13 years, included five male and four female children. All
patients were on a low fructose, low galactose diet. Five of the
nine patients were on a 12-h nocturnal GDF regimen (carbohy-
drate intake, 4.5-5.5 mg glucose/kg/min). All tests, carried out
in the metabolic ward, started within 1 h after the night drip had
been discontinued, and in the remaining four patients within 3
h after the last feeding. The following tolerance tests were per-
formed.

1) Starch test. Uncooked cornstarch, 2 g/kg body weight,
mixed in 100~150 ml water, was administered through the gastric
tube, which was kept in situ in those patients who were on GDF.
It was ingested as such by the other patients. The starch-water
mixture had to be stirred repeatedly in order to prevent sedimen-
tation of the starch.

2) Starch-meal test. Uncooked cornstarch, 1 g/kg body weight,
was mixed in curd, the latter amounting to 0.5 g protein/kg body
weight. Corn oil, 1 g/kg body weight, was added, no other
nutrients or flavors being used. The energy content of the meal
amounted to 15 kcal/kg body weight. The “meal” taken with a
spoon was usually finished within 10 min.

3) Glucose test. Glucose, 2 g/kg body weight in a 20% solution,
was administered orally. After the oral carbohydrate loading,
blood glucose concentrations were determined at 30-min inter-
vals; blood lactate, blood insulin levels, and expiratory hydrogen
concentration were determined at 60-min intervals. Blood glu-
cose concentrations were determined immediately by the glu-
cose-oxidase method using a Beckman glucose analyzer. Blood
lactate concentrations were determined by the Boehringer
method using lactate dehydrogenase. Blood insulin levels were
measured according to the double antibody procedure as de-
scribed by Hales and Randle (13) with slight modifications. The
breath samples were collected with a small pediatric size device
according to Douwes et al. (6), and H, concentrations were
determined gas chromatographically.

Tests were stopped at the first clinical signs of hypoglycemia
or blood glucose concentrations below 1.8 mM. Informed con-
sent was obtained from the parents.
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RESULTS

Table 1 shows the periods of normal blood glucose levels after
oral loading with uncooked cornstarch in water (a), uncooked
cornstarch in curd (b) and glucose in water (c). Normoglycemia
(blood glucose =1.8 mM) lasted 6.5-9.0, 3.5-6.5, and 2.25-4.25
h, respectively. Prolongation of normoglycemia after cornstarch
therefore was 3.0-6.75 h; after cornstarch in curd, it was 0.5-
4.25 h, as compared with glucose in water. The increments of
blood glucose concentrations during the three tests are presented
in Table 2. The glucose increments were lower during the corn-
starch tests than during the glucose tests (except in L. S.). This
difference applied also to the starch-meal test (except in T. D.).

Lactate concentrations after starch in water varied: in three
patients (L. S., T. D., and M. R.), it decreased; in three patients
(H. M., R. P, and M. v. D.), no change occurred; and in the
other three patients (R. S., E. S., and D. D.), it increased,
especially during the last part of the test (Fig. 1). Blood insulin
concentrations in all patients were low during the cornstarch
tests, and never exceeded values of 50 mU/liter above fasting
levels, whereas peak insulin concentrations after oral glucose
loading reached maximum levels of 280 mU/liter above fasting
levels. Insulin levels during cornstarch in curd tests varied be-
tween the former and the latter values. Intestinal symptoms, due
to starch indigestion, did not occur. Expiratory hydrogen con-
centrations were in the normal range (less than 20 ppm) or only
slightly increased.

DISCUSSION

The use of cooked or partially hydrolized starch in the diets of
GSD patients has rendered only moderate results until now (10),
as it prolonged postprandial normoglycemia only slightly in
comparison to that after glucose. In patients with diabetes mel-
litus, favorable results have been recently obtained with un-
cooked starch (3, 4). Postprandial blood glucose and insulin peak
levels were much lower after its ingestion as compared to glucose.
The effects of various starches differed according to their physical
state (size of granules, presence of fiber, gelatinizing due to

Table 1. Normoglycemic period in hours after dietary treatment

Cornstarch Cornstarch Glucose
Patient in water in curd in water
L.S. 6.5 3.5
H. M. 8.0 3.5 4.25
R.S. 8.5 4.5 2.5
T.D. 7.0 4.0 3.5
E.S. 8.5 6.0 2.5
R.P. 8.0 6.5 4.0
D.D. 7.0 5.0 3.5
M. v.D. 9.0 6.5 2.25
M. R. 6.5 4.5 3.0

Table 2. ABlood glucose afier dietary treatment*

Cornstarch Cornstarch Glucose
Patient in water in curd in water
L.S. 4.8 4.5
H. M. 0.3 1.9 9.6
R.S. 32 1.9 8.6
T.D. 32 8.1 7.1
E.S. 1.7 0.6 6.8
R.P. 1.2 4.2 5.5
D. D. 3.7 38 5.8
M. v. D. 1.0 1.2 5.9
M. R. 1.1 4.7 3.2

* Ablood glucose, difference between initial and peak blood glucose
concentration (mM).
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Fig. 1. Different responses of blood lactate concentrations after un-
cooked cornstarch (2 g/kg) in water in three patients.

cooking) (5, 15-17). The best results were obtained with un-
cooked starches and of these cornstarch had the most pro-
nounced effect.

In keeping with these observations, Sidbury tried uncooked
cornstarch in water in GSD [ patients who wanted to discontinue
their GDF (personal communication). In the present study, we
confirmed and enlarged the results of Chen et al. (2), by com-
paring the effects of uncooked cornstarch in water, uncooked
cornstarch added to a meal, and glucose in water on glucose and
lactate blood levels. After starch in water, all nine patients showed
a marked prolongation of normoglycemia without the precipi-
tous changes observed after the administration of glucose in
water. The effects of uncooked cornstarch added to curd were
intermediate between those after cornstarch in water and after
glucose in water (Tables 1 and 2). Contrary to the similarity of
the glucose curves after starch in water, the lactate curves showed
marked variation among patients. For these differences, we have
no explanation yet. A moderate hyperlactacidemia should be
maintained as lactate appears to be a fuel for the brain as is
glucose (9). The only means to achieve this would be to “titrate”
the amount and type of starch added to the meals against blood
lactate and glucose levels. The optimal dose of starch to be added
to the meals varies between | and 2 g/kg body weight twice a
day. The first dose should be administered either through the
gastric tube just before its withdrawal after the night in patients
with GDF, or added to curd or yoghurt at breakfast in patients
without GDF. The composition of the latter mixture may serve
for the second starch dose at luncheon, too. Simultaneous addi-
tion of mono- and disaccharides interferes with the steady state
of blood glucose induced by starch due to the insulinogenic effect
of the former carbohydrates (results not shown). These rapidly
absorbed carbohydrates should therefore be limited or avoided.
The two starch servings would not only make the patient less
dependent on a strict timetable for his meals, but would also
decrease the number of meals at daytime to the normal three to
four.

There is no reason for apprehension on long-term effects of
starch administration on somatic development of and biochem-
ical abnormalities in the patient, but we prefer to postpone the
substitution of starch for GDF till the puberal growth spurt of
the child has been completed.
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Summary

This study was designed to investigate the greatly reduced
activities of hepatic lipase and lipoprotein lipase in postheparin
plasma of patients with glycogen storage disease (GSD). Evi-
dence for the presence of a circulating inhibitor in the plasma of
GSD patients prior to the establishment of metabolic control was
provided by the following observations.

The hepatic lipase activity from patients with GSD gave a
nonlinear relationship with time, maximum activity being ob-
tained after 5 min whereas normal postheparin plasma showed a
linear relationship for at least 20 min. The addition of GSD
plasma to a normal postheparin plasma resulted in inhibition of
the normal postheparin lipolytic activity. The inhibition showed
a dose response, with 10 and 30 nl of the GSD plasma giving 22
and 65% inhibition after 20 min, respectively. Serial dilution of
GSD postheparin plasma gave increasing activity of hepatic
lipase when expressed per ml of plasma. Thus, a 1:100 dilution
gave a normal activity of 15 umol/ml/h whereas a 1:10 dilution
gave less than 10% of this activity. After affinity chromatography
of the GSD postheparin plasma on heparin/Sepharose, the inhi-
bition was removed and a normal lipolytic activity was obtained.
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Abbreviations

GSD, glycogen storage disease
FH, familial hypercholesterolemia
HLip, type I hyperlipoproteinemia

Type 1 glycogen storage disease (glucose-6-phosphatase defi-
ciency) is characterized by hepatomegaly, growth retardation,
fasting hypoglycemia, metabolic acidosis, and hyperlipidemia.
The hyperlipidemia which is predominantly a hypertriglyceri-
demia appears to result from both an increase in synthesis (16)
and a decrease in clearance (9) of circulating triglyceride.

Triglycerides are transported in the circulation by triglyceride-
rich lipoproteins (chylomicrons and very low density lipopro-
tein). They are cleared from the circulation by the action of
lipoprotein lipase which is located on the capillary endothelium
of extrahepatic tissues but can be released into the circulation by
low doses of intravenous heparin. Postheparin plasma, however,
also contains a lipase of hepatic origin which has properties
different from lipoprotein lipase. We (12, 13) and others (8) have
reported that activities of both the lipoprotein lipase and hepatic
lipase are reduced in postheparin plasma from patients with type
1 GSD. Treatment of this disorder by frequent feeds or nocturnal
gastric drip results in marked improvement of the hyperlipidemia
(15) and an increase in the activity of lipoprotein and hepatic
lipase has been reported (8). These changes suggested to us that
treatment might have resulted in the removal of a circulating
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