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Abstract: Background: Impaired glycogen release with fasting results in hypoglycemia in the glycogen storage diseases. 
A waxy-maize extended release cornstarch was introduced in the United States in 2012 to maintain glucose 
concentrations during the overnight period, but no studies have assessed the long-term safety and efficacy of this 
product in the ketotic forms of GSD. 

Objective: To assess long-term safety and efficacy of modified cornstarch in patients with ketotic forms of GSD.  

Design: An open label overnight trial of extended release cornstarch was performed. Subjects who had a successful trial 
(defined as optimal metabolic control lasting 2 or more hours more than with traditional cornstarch) were given the option 
of continuing into the long-term observational phase. Participants were assessed biochemically at baseline and after 12 
months. 

Results: A total of 16 subjects participated in the open label trial. Efficacy was demonstrated in 100% of the subjects with 
GSD 0, III, VI, and IX. Of the patients who entered the longitudinal phase, long-term data are available for all subjects. 
The mean duration of overnight fasting on traditional cornstarch prior to the study for the cohort was 4.9 hours and 9.6 
hours on the extended release cornstarch (P < 0.001). All laboratory markers of metabolic control have remained stable 
in the chronically treated patients. 

Conclusion: Extended release cornstarch dramatically prolongs the overnight fast duration, maximizes safety from 
hypoglycemic events, reduces the possibility of sleep deprivation, and improves the quality of life of patients by 
eliminating the need to awaken without fail for middle of the night therapy without sacrificing metabolic control.  
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INTRODUCTION 

The ketotic forms of hepatic glycogen storage 

diseases are rare, inherited, metabolic disorders 

characterized by the abnormal storage (GSD 0) or 

release (GSD III, VI, and IX) of glycogen [1]. 

Hypoglycemia results from the inability of glycogen to 

breakdown while fasting. Since gluconeogenesis is 

intact, however, the extent of hypoglycemia is milder 

than is seen in type I GSD. Moreover, the patient can 

be asymptomatic due to the ketone body formation, 

which the brain can use as a source of energy, but 

chronic ketosis can result in long-term complications 

including poor growth, osteoporosis, and hepatic 

transaminase elevation [2, 3]. 

Maintaining normal blood glucose concentration is 

the main goal of treatment for all hepatic forms of GSD. 

In 1982, uncooked cornstarch therapy was introduced  
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as an alternative to continuous feeds to prevent 

hypoglycemia in GSD [4], and it has remained the 

standard therapy in North America. While some 

patients with the ketotic forms of GSD can tolerate an 

overnight fast with cornstarch therapy, many patients 

require therapy during the hours of sleep to prevent 

hypoglycemia and ketosis.  

We previously described the efficacy of an extended 

release cornstarch therapy for maintaining glucose 

concentrations during the overnight period in GSD Ia 

and Ib [5]. In 2009, the extended release waxy-maize 

cornstarch Glycosade
®
 (Vitaflo International Ltd, 

Liverpool, United Kingdom) was approved in Europe for 

treatment of GSD, and it was released as a medical 

food in the United States in 2012. This waxy-maize 

product has been available to patients for several 

years, but the only publication on the long-term safety 

and efficacy of the therapy was limited to GSD I [6]. 

This paper describes our long-term, overnight 

experience with the extended release cornstarch in a 

cohort of patients with GSD types 0, III, VI and IX. 
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SUBJECTS AND METHODS 

Subjects 

Patients followed by the University of Florida 

Glycogen Storage Disease Program with genetically 

proven GSD 0, III, VI and IX were eligible to participate. 

Inclusion was limited to patients 5 years of age and 

older who required overnight cornstarch therapy. A 

total of 16 eligible subjects ranging from 5 to 60 years 

of age chose to participate. This cohort consisted of 2 

participants with GSD 0 (2 males), 8 with GSD III (3 

males/5 females), 1 with GSD VI (1 male), and 5 with 

GSD IX (4 males/1 female). Long-term data have been 

collected from 16 of the patients as part of the 

longitudinal safety and efficacy trial. These studies 

were approved by the Institutional Review Board of the 

University of Florida. Prior to enrollment in this study, 

informed consent was required from a parent of every 

participant less than 18 years old and assent was 

obtained from the participant, if 7 to 18 years of age. All 

procedures followed were in accordance with the 

ethical standards of the responsible committee on 

human experimentation (institutional and national) and 

with the Helsinki Declaration of 1975, as revised in 

2000 [5]. Informed consent was obtained from all 

patients for being included in the study. 

Study Design 

Since there are no established dosing standards for 

the extended release cornstarch, the dose of the 

product for the overnight challenge was calculated by 

replacing the carbohydrate load provided by traditional 

cornstarch with a comparable amount of the new 

formulation over the same period of time. For the 

overnight challenge, an indwelling intravenous catheter 

was placed, and hourly monitoring of glucose and 

lactate was performed using a YSI 2300 STAT Plus™ 

Glucose & Lactate Analyzer (YSI Incorporated, Yellow 

Springs, Ohio) until glucose concentrations fell to 70 

mg/dL or patients fasted for 12 hours. Ketone 

monitoring was performed hourly with a Precision Xtra 

portable ketone meter (Abbot Laboratories, 

Indianapolis, IN). Lactate concentrations over 5 mmol/L 

or beta-OH-butyrate concentrations over 0.5 mmol/L 

were established as stop criteria, but they were never 

reached.  

Following completion of the overnight trial, patients 

were given the option of staying on the product 

chronically during the overnight period. All participants 

remained on their baseline cornstarch and protein 

therapies throughout the day. Doses of both the 

daytime and overnight cornstarch preparations were 

titrated over the course of the year based upon home 

glucose and ketone monitoring as per standard GSD 

care to maintain glucose concentrations over 75 mg/dL 

(4.2 mmol/L) and ketones under 0.3 mmol/L. For 

inclusion in the follow-up safety and efficacy studies, 

the extended release cornstarch needed to be 

consumed at least 3 nights per week. Aspartate 

aminotransferase (AST), alanine aminotransferase 

(ALT), cholesterol, triglycerides, uric acid, total protein, 

creatine kinase (CK), albumin, and prealbumin values 

were collected at 12 months and compared to the 

subjects’ baseline values. 

Statistical Analysis 

For the overnight trial, success was defined as 

maintaining glucose concentrations above 70 mg/dL at 

least 2 hours longer than with traditional uncooked 

cornstarch with comparable markers of metabolic 

control. Statistical analysis was performed using paired 

two-tailed t-tests to determine whether there were 

differences between the metabolic markers before 

treatment and after 12 months. P-values < 0.05 were 

considered statistically significant. 

RESULTS 

Overnight Challenge 

A total of 16 subjects (10 males/ 6 females) 

participated in the overnight challenge. Efficacy of 

extending fasting for 2 hours beyond baseline with the 

waxy-maize cornstarch in GSD 0, III, VI, and IX was 

demonstrated in 100% of participants. 

Long-term Safety and Efficacy Follow-up 

A total of 16 patients chose to participate and have 

long-term safety and efficacy data as part of the 

longitudinal study (Figure 1). 

The mean duration of overnight fasting on traditional 

cornstarch prior to the study for the cohort was 4.9 

hours. Overnight fasting reached a mean of 9.6 hours 

on the extended release cornstarch (P < 0.001 for all 

types). For type III, the average increase of fasting 

duration on extended release waxy-maize cornstarch 

was 4.69 hours, while for types 0, VI, and IX, the 

average increase was 4.75 hours (Figures 2-3). 

All laboratory markers of metabolic control have 

remained stable in the chronically treated patients 

(Tables 1-2).  
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Figure 1: Participants status post-challenge. 

 

 

Figure 2: Duration of fasting increase on extended release waxy-maize cornstarch compared to uncooked cornstarch (UCCS) 
for Type III.  

 

 

Figure 3: Duration of fasting increase on extended release waxy-maize cornstarch compared to uncooked cornstarch (UCCS) 
for Types 0, VI, IX. 
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Table 1: Glycogen Storage Disease Type III Metabolic Markers before and after Extended Release Cornstarch Therapy 

 

Pre-therapy 

mean + SD 

(n = 8)  

Pre-therapy 
range 

Post-therapy (12 mo) 

mean + SD 

(n = 8) 

Post-therapy 
range 

P-value 

AST (U/L) 147.6 + 111.9 27-383 125.1 + 64.9 28-236 0.33 

ALT (U/L) 154.0 + 128.6 15-432 136.3 + 91.1 17-299 0.46 

Cholesterol (mg/dL) 157.4 + 41.9 11-223 164.9 + 43.2 120-239 0.38 

Triglycerides (mg/dL) 148.8 + 98.9 54-368 160.1 + 50.8 66-210 0.7 

Uric Acid (mg/dL) 3.5 + 1.0 2-5.1 3.4 + 1.0 2-4.5 0.94 

Protein (g/dL) 6.9 + 0.3 6.3-7.2 7.0 + 0.4 6.5-7.6 0.20 

Albumin (g/dL) 4.1 + 0.3 3.5-4.5 4.1 + 0.5 3.2-4.7 1.00 

CK (IU/L) 1544.9 + 1192.0 138-2941  1143.6 + 660.5 124-1896  0.32 

Prealbumin (mg/dL) 15.3 + 3.8 11.1-21.0 14.9 + 3.1 11.1-18.4 0.89 

 

Table 2: Glycogen Storage Disease Ketotic Forms (0, VI, IX) Metabolic Markers before and after Extended Release 
Cornstarch Therapy 

 Pre-therapy 

mean + SD 

(n =8) 

Pre-therapy 
range 

Post-therapy (12 mo) 

mean + SD 

(n = 8) 

Post-therapy 
range 

P-value 

AST (U/L) 40.3 + 15.4 24-68 28.9 + 5.9 21-37 0.05 

ALT (U/L) 47.3 + 18.0 29-74 35 + 15.9 20-70 0.10 

Cholesterol (mg/dL) 159.4 + 34.7 102-206 171.3 + 54.6 94-260 0.40 

Triglycerides (mg/dL) 120.9 + 28.9 77-162 139.6 + 81.8 40-300 0.55 

Uric Acid (mg/dL) 4.0 + 1.3 2.6-6.6 4.2 + 1.7 2.8-8.0 0.53 

Protein (g/dL) 7.3 + 0.6 6.4-8.1 7.2 + 0.5 6.7-8.2 0.56 

Albumin (g/dL) 4.5 + 0.3 4-4.9 4.5 + 0.3 4.0-5.0 0.80 

CK (IU/L) 155.7 + 158.2 59-509 157.9 + 179.5 49-596 0.29 

Prealbumin (mg/dL) 19.0 + 6.9 13.5-30.1 23.3 + 9.4 16.6-40 0.62 

 

DISCUSSION 

Continuous glucose therapy was the first medical 

treatment described for glycogenoses [7]. Cornstarch 

therapy replaced continuous feeds in the 1980s, 

improving metabolic control and thus long-term 

prognosis for all of the hepatic forms of GSD [4]. 

Extended release waxy-maize cornstarch was 

introduced in 2009 as the first new treatment for the 

hepatic GSDs since uncooked cornstarch therapy had 

been described. The product was approved as a 

medical food based mostly on short-term studies in 

GSD types Ia and Ib [5,8], and no studies on the long-

term efficacy and safety of this therapy in the ketotic 

forms of GSD have been published.  

While GSD types 0, III, VI, and IX are milder than 

GSD I, some patients still require overnight therapy. 

Overnight treatment is often required in childhood in 

GSD III, and there is a subset of patients with GSD IX 

with mutations in PHKG2 and PHKA2 that have a 

severe phenotype similar to that seen in GSD I [9]. 

Inadequate therapy in all of the ketotic forms of GSD 

results in overnight hypoglycemia and ketosis, and this 

has been associated with short stature, osteopenia, 

and even neurologic complications. Cirrhosis can occur 

in GSD III and IX, and there is increasing evidence that 

many of the complications in GSD 0, III, VI, and IX can 

be prevented by optimal metabolic control [9]. In this 

study, biochemical markers of metabolic remained 

stable in the chronically treated cohort while quality of 

life and safety were maximized by avoidance of the 

overnight therapy. It is too early, however, to determine 

if avoidance of the overnight therapy will result in fewer 

long-term complications.  
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It is important to emphasize that not all patients with 

GSD 0, III, VI, and IX require a middle of the night feed. 

Patients with these types of GSD should have morning 

glucose and ketone determinations, and the new 

therapy should be limited to only those with morning 

hypoglycemia or ketosis. Cost of this extended release 

cornstarch is 15 times higher than regular cornstarch 

(approximately $4.00 per night vs $0.28 per night), and 

the extra expense can be justified for those needing 

overnight support where a missed dose of cornstarch 

puts the child at risk for severe hypoglycemia.  

While the new cornstarch therapy may help improve 

safety and quality of life for people and families living 

with GSD, it must be emphasized that protein 

supplementation is also important in these conditions. 

Protein serves as a precursor for gluconeogenesis, and 

protein helps to prevent muscle damage in GSD III 

[10]. If fewer feeds are administered as a result of 

treatment with waxy-maize extended release 

cornstarch, monitoring of prealbumin concentrations 

should occur to ensure that adequate protein 

supplementation is occurring.  

Daytime use of extended release cornstarch has 

also not been formally studied in any of the glycogen 

storage diseases. While there have been case reports 

at conferences
 

discussing successful use of the 

product during the day, no daytime studies have been 

published, and formal investigation of daytime use is 

warranted before use can be recommended. Higher 

energy demands during the day may not be adequately 

being covered with the slower release therapy. 

In conclusion, patients with ketotic types of GSD 

were able to benefit from the extended release 

cornstarch by avoiding the overnight dose without 

diminishing metabolic control. For the first time, the 

therapy was demonstrated to be an effective long-term 

treatment for the ketotic forms of GSD. This is a 

reassuring study, but patients should be followed 

closely to monitor the need for dose changes, and 

metabolic control. 
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