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1.0 – OVERVIEW AND BACKGROUND 
 

1.1 BACKGROUND 
 

Type 1 diabetes (T1D) is a disease characterized by progressive β-cell loss with eventual dependence on exogenous 
insulin. The incidence of T1D is rising at a rate of nearly 3% per year, and the disease contributes over $14.4 
billion annually to U.S. healthcare expenditures [1, 2]. While immunomodulatory therapy administered near the 
time of clinical diagnosis has shown some efficacy in attenuating T1D progression, the long-term effectiveness of 
these drugs has been negligible [3-7]. Given these failures, there is a critical need for a simple, tolerable, cost- 
effective method to mitigate the disease process and burden associated with daily diabetes management. 

 
Compared to healthy individuals, people with both type 1 and type 2 diabetes demonstrate gut dysbiosis (microbial 
imbalance) with a higher gram-negative to gram-positive gut bacterial ratio (creating a pro-inflammatory milieu) 
and fewer bifidobacteria, an important microbial population associated with many health benefits [8-13]. Further, 
the gut microbiome composition of T1D children shows increased virulence factors, phage, prophage, motility 
genes and higher response to stress [14-18], in addition to a lower count of bacteria producing butyrate, a short 
chain fatty acid (SCFA) with anti-inflammatory actions [19]. 

 
The effect of gut microbiome modulation on glycemia has been assessed using both prebiotics (supplements 
containing substrates for the microbiota) and probiotics (supplements containing microbiota). Animal studies 
have shown that pre and probiotic use can change the gut microbiome profile, modulate the immune system, and 
improve glucose tolerance [20-22]. In persons with type 2 diabetes (T2D), prebiotics improve hemoglobin A1c 
(HbA1c) and postprandial glycemic excursion as well as reduce insulin resistance [23-26]. Thus, it appears that 
altering the gut microbiome may improve glycemia and improve insulin sensitivity. 

 
A novel approach to mitigating T1D is perturbation of the gut microbiome using high-amylose maize starch 
(HAMS), a well-tolerated source of dietary fiber with selective fermentation properties. HAMS consumption shifts 
the gut microbiome profile towards SCFA fermenters. Further, HAMS that is acetylated and butyrylated (HAMS- 
AB) releases large amounts of beneficial SCFAs after colonic bacterial fermentation. Indeed, recent T1D mouse 
studies [22] have shown that HAMS-AB feeding shifted the gut microbiome profile towards fermenters, resulting 
in higher blood and fecal concentrations of the microbial metabolites acetate and butyrate (both beneficial SCFAs). 
These changes were associated with lower rates of progression to T1D, lower circulating inflammatory marker 
concentrations, and less islet autoimmunity. Data to date using HAMS in humans are more limited. When given to 
non-diabetic adults, HAMS lowers post-prandial glucose production and improves insulin sensitivity [27, 28]. 

 
1.2 Overview 

Given these promising findings in animal models of T1D as well as adult non-diabetic studies, we hypothesize 
that HAMS-AB will alter the gut microbiome profile in humans with T1D and increase SCFA production and 
that these changes will be associated with improved β-cell function, overall glycemia, and β-cell health (as measured 
by markers of β-cell stress and death). We plan to perform a pilot, randomized, controlled cross-over trial of 
HAMS-AB in 12 individuals with recently diagnosed T1D to determine HAMS-AB effects on the gut microbiome 
profile, SCFA production, glycemia, markers of β-cell function, stress, and death. 

 
This pilot study is a single center trial. Twelve newly diagnosed T1D youths with a BMI<85% and within 4-36 
months of diagnosis who have measurable endogenous insulin production, assessed using serum C-peptide, and 
are, therefore, in the honeymoon period, will be recruited. We have chosen this cohort since the microbiome 
profile differs by age [29] and BMI [30], and the progression of T1D differs between children and adults [31]. 
Additionally, there is ample published experience studying healthy adolescents and their microbiome changes with 
corn fiber supplementation [32, 33], and therefore, we have chosen to pilot this intervention in a similar age group 
with known published data. In addition, to assess changes more accurately in β-cell function, we will include those 
in the honeymoon period as there is sufficient measurable C- peptide secretion during this time. The honeymoon 
period is the time shortly after T1D diagnosis when the β-cells undergo partial and temporary recovery and 
produce enough insulin to reduce insulin needs and aid with glycemic control [34, 35]. 



 
 
IRB# 1907172784  Version 12.0 - April 2023 
 
 

5  

The objectives of this study are to assess the HAMS-AB effects on the gut microbiome profile, SCFA production, 
glycemia and β-cell health and function in humans with T1D. We hypothesize that HAMS-AB will (i) improve 
the gut microbiome profile in humans with T1D, (ii) increase SCFA production, and (iii) improve β-cell function, 
β-cell health and overall glycemia. We propose the following Specific Aims: 

 
AIM 1: Determine the effect of HAMS-AB on the gut microbiome profile and SCFA production in 
children with recently diagnosed T1D. We hypothesize that HAMS-AB consumption will shift the gut 
microbiome to microbial populations that are capable of HAMS-AB fermentation and increase SCFA production. 
Twelve youths (11-17 years old) will consume HAMS-AB or follow the standard of care recommended diabetic 
diet daily for [49,50] 4 weeks and then cross over after a 4-week washout period. DNA will be extracted from 
fecal samples obtained followed by 16S RNA sequencing for gut microbial community analysis at baseline and at 
each visit during the study period [32, 33]. SCFAs will be analyzed using standard methods [36, 37].  
AIM 2: Determine the effect of HAMS-AB on glycemia and β-cell function and health. We hypothesize that 
the prebiotic HAMS-AB will improve overall glycemia including reducing glycemic variability in recently 
diagnosed persons with T1D. We will compare glycemic/ β-cell measures pre/post intervention with HAMS-AB 
and between the intervention and control groups. We will measure glycemia using HbA1c, average glucose and 
glucose variability using continuous glucose monitoring (CGM) [38-40]. We expect to see an improvement in 
glycemia in response to HAMS-AB intake. We will assess β-cell function using mixed meal tolerance (MMTT)- 
derived C-peptide measures. We expect that measures of β-cell stress/death will show improvement following the 
use of HAMS-AB. We will determine β-cell stress using proinsulin/C-peptide (PI:C) ratios [41]. We will assess β-
cell death by differential methylation of preproinsulin (INS) DNA [42]. 

 
Upon successful completion of this pilot study, we expect to assess the effect of prebiotic administration on the 
gut microbiome profile, SCFA production, glycemia and β-cell function in humans with T1D. The knowledge 
generated by the proposed research will provide critical experimental information needed to substantiate a fully 
powered study. 

 
1.3 PRECLINICAL AND CLINICAL EXPERIENCE 

 
HAMS is a prebiotic that is a well-tolerated source of dietary fiber with selective fermentation properties. In T1D 
mouse studies [21], feeding HAMS that has been acetylated and butyrylated (HAMSA and HAMSB) shifts the gut 
microbiome profile towards fermenters, resulting in increased acetate and butyrate production and lower rates of 
progression to T1D, Figure 1. 

 
In a human study assessing the effects of 2 levels of intake of HAMS [15 or 30 g/d (double-blind)] compared to 
control starch intake (0 HAMS) for 4-wk periods separated by 3-wk washouts on insulin sensitivity (SI) in 
participants with increased waist circumference, it appeared that the consumption of 15–30 g/d of HAMS 
improved insulin sensitivity significantly in men, Figure 2 [27]. 

 
In another human randomized, double-blind, controlled study [28] in healthy adults who consumed either a high 
fiber scone containing a novel chemically modified high amylose maize starch or a low fiber control scone without 
the maize starch, the consumption of the high fiber scone significantly reduced postprandial glucose and insulin 
incremental areas under the curves (43–45% reduction, 35–40% reduction, respectively) and postprandial glucose 
and insulin maximum concentrations (8–10% and 22% reduction, respectively), Figure 3. Of note, ingestion of 
the high fiber scone consumption was not associated with increased gastrointestinal side effects compared with 
the control scone. 
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Figure1: Incidence of T1D in female 
NOD mice fed the NP diet (n = 25 
mice), HAMS diet (n = 17 mice), 
HAMSA diet (n = 11 mice), HAMSB 
diet (n = 12 mice) or combined 
(HAMSA plus HAMSB) diet (n = 11 
mice) for 10 weeks (HAMSA plus 
HAMSB; orange arrows) or 5 weeks (all 
other diets; blue arrows), starting at 5 
weeks of age. NS (NP vs HAMS, 
HAMSB vs HAMS, HAMSP vs 
HAMS, and HAMSP vs NP); *P = 
0.0482 (HAMSB vs NP), #P = 0.0490 
(HAMSA vs HAMS), **P = 0.0069 
(HAMSA vs NP), ##P = 0.0025 
(HAMSA+HAMSB   vs   HAMS) and 
***P = 0.0008 (HAMSA+HAMSB vs 
NP) (Mantel-Cox log-rank test) [22]. 

 
Conventional, non-purified (NP), 
High-amylose maize starch (HAMS) 
that has been acetylated (HAMSA) or 
butyrylated (HAMSB), non-significant 
(NS). 

 
 
 

Figure 2: Insulin sensitivity (SI) following 4-wk feeding periods for control (0 g/d HAMS), 15 g/d HAMS, and 30 
g/d HAMS in men (n = 11) and women (n = 22). Bars represent least squares geometric means and error bars 
extend to the value of the loge least squares mean + 1 SEM, back transformed to the original units. Labeled means 
without a common letter differ, P < 0.05. Least squares mean and SEM values for loge SI were generated from 
repeated-measures ANOVA models containing terms for participant as a random variable, treatment condition, 
treatment sequence, and measures of insulin sensitivity [27]. 
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Figure 3: Mean post-prandial glucose and insulin 
concentrations over 180 min after ingestion of a scone 
containing a chemically modified maize resistant starch: 
a. venous glucose, b. capillary glucose, c. venous insulin. 
Error bars represent the standard error of the mean [28]. 

 

1.4 SCIENTIFIC RATIONALE 
 

To date, there have been no studies assessing the effect of 
using a prebiotic, such as HAMS-AB, on the gut 
microbiome profile, glycemia and β-cell function in humans 
with T1D. In addition, there are no data linking changes in 
the gut microbiome and their metabolites in response to 
administration of HAMS-AB to metabolic changes in 
youths with T1D. This study will examine repurposing an 
existing, safe supplemental product for the treatment of 
T1D. 

 
2.0 – OBJECTIVES 

 
2.1 Primary Objective 

 
Assess the effect of administering HAMS-AB on 
the gut microbiome profile in people with 
recently diagnosed T1D. 

 
2.2 Secondary Objectives 

 
Assess the effect of administering HAMS-AB on 
SCFA production in people with recently- 
diagnosed T1D. 
Determine the effect of HAMS-AB on glycemia 
and β-cell function and health. 

 
3.0 – STUDY DESIGN 

 
3.1 STUDY DESCRIPTION 

 
This study will be a single center, controlled, randomized trial in young individuals newly diagnosed with type 
1 diabetes. We are enrolling youth with new onset T1D with documented continued residual C-peptide 
production. Within 30 days of screening during which eligibility will be determined, subjects will have a 4-week 
treatment period with HAMS-AB or will be provided with guidelines on the generally recommended diabetic 
diet for youths with T1D [49, 50]. After a 4-week wash-out period the durability of effect will be assessed in 
those who received the prebiotic and during this washout period, both the study and control arm will be 
permitted to consume a regular diet. This design has been used in other studies of prebiotic administration with 
a 3–4-week intervention period and a 3–4-week washout phase [21, 32, 33]. Subjects will then cross over to either 
HAMS-AB or diet control for another 4 weeks. 

 
A full dosing description can be found in section 6.2. 
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3.2 STUDY DURATION 
 
This study will screen up to 24 subjects at a single center (see Enrollment below). 12 subjects will be enrolled 
after meeting all eligibility criteria. If at any time during the study, a participant does not meet eligibility, 
participation in the study will be on hold until subject meets all eligibility criteria again. Participants may re-
enter or re-enroll in the study if in the future, meet all eligibility requirements. Participants who re-enter or re-
enroll will need to be reassessed for their starting point. Subjects who miss 20% of prebiotic doses (11 of 56 
doses) will be replaced. The study will include the following periods: 

 
• (1) Screening visit and eligibility determination (up to 30 days). 
• (2) 4-week intervention period or diet guideline 
• (3) 4-week washout period 
• (4) 4-week intervention period or diet guideline. 

 
3.3 ENROLLMENT 

 
Up to 24 subjects will be screened to find 12 adequate subjects eligible for enrollment. 

 
The plan is to recruit 24 patients with the goal of having 50% eligible and enrolled. Once 12 participants have 
completed the 12 week visit, we will stop recruitment. At Indiana University, as per our current recruitment 
strategies for other new-onset studies, patients with newly diagnosed T1D will be approached whenever possible 
when inpatient at diagnosis and then re-contacted after discharged home. Visits will be conducted at the Indiana 
Clinical Research Center (ICRC) and coordinated with diabetes clinic follow-up visits when possible. 

 
3.4 STUDY ENDPOINTS 

 
The primary outcome assessment will be to assess changes in the gut microbiome profile in response to HAMS- 
AB. Secondary outcome measures will be changes in SCFA production, changes in glycemia, pro-insulin to C- 
peptide ratios as a marker of β cell ER stress. Other β cell stress markers including unmethlyated insulin DNA will 
also be measured. We will also examine glycemic outcomes and β cell function as assessed by responses to MMTT, 
although given the variability in these measures in other reported studies of new-onset T1D [43] we do not expect 
to be adequately powered in this small trial to see significant differences in these outcomes. 

 
3.5 STUDY RISKS 

 
Risks include those risks related to taking HAMS-AB, having blood draws, mixed meal tolerance tests (MMTT), risk 
of CGM use, and the possible loss of confidentiality. 

 
Risks of Taking HAMS-AB: 
Given that most youths in the United States are consuming less than the recommended dietary intake of fiber, we 
anticipate the following risks: 

• Likely (reported in >20% of patients): initial abdominal discomfort, increase in frequency of bowel 
movements, although not to the extent of causing diarrhea. These mild intestinal symptoms will likely last 
for only the first few days and are self-limited without intervention. 

 
Risk of Blood Draws: 
The insertion of a needle can cause some local pain and can result in bruising. Blood draws can in rare instances 
cause lightheadedness or fainting. There is also a risk of infection. To mitigate these risks, blood draws will be 
performed by trained technicians or nurses using standard aseptic techniques. 

 
Risk of MMTT: 
There are no known risks to an MMTT, but the taste of the Boost may not be well tolerated. Some persons may 
experience nausea after drinking Boost. Subjects with milk or soy allergies will be excluded to avoid any allergic 
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reactions to Boost. If the blood glucose is high at the end of the test, subjects will be instructed to give an insulin 
correction dose. 

 
Risks related to CGM use: 
The CGM/sensor may produce pain when it is inserted into the skin. There is a low risk for developing a local skin 
infection at the site of the sensor needle placement. Itchiness, redness, bleeding, and bruising at the insertion site may 
occur as well as local tape allergies. 

 
Loss of Confidentiality: 
There is the unlikely chance that health information is viewed by someone outside of the research team who is 
not authorized to see health information. All files will be kept in locked cabinets within a locked room. Any 
electronic data will be protected by password systems. 

 
3.6 STUDY BENEFITS 

 
While receiving HAMS-AB, there are potential benefits in reduction of β-cell stress for these patients. Since the 
gut dysbiosis may be important in the pathogenesis of T1D, accentuate β-cell stress, and have a role in the 
complications of the disease, these studies are of scientific importance. The benefits to be derived by mankind 
are expected to be substantial and may lead to advances in the prediction, prevention, and treatment of type 1 
diabetes. If this study indicates that treatment can safely preserve beta cell health, then it will be a major advance 
in the care of diabetes. 

 
3.7 INCLUSION OF CHILDREN 

 
Type 1 diabetes is a disease that typically has its onset in children, adolescents, and young adults. Because we 
are interested in examining the role of the HAMS-AB and the gut microbiome in adolescents with T1D (and 
potentially eventually those at risk for developing T1D), adolescents will be studied to have data in a relevant 
population. As part of the consent process, in addition to consent from the parent, assent for studies and 
samples from all participants will be obtained. 

 
4.0 – STUDY SUPPLEMENT 

 

4.1 STRUCTURE AND NOMENCLATURE 
CAS Registry No.: none 
Chemical Name: high amylose maize starch 
Chemical Family: Starch 
Molecular Weight: >1000 
Synonyms: HYLON® VII 
 

4.2 PHYSICAL AND CHEMICAL PROPERTIES 
Pure Substance or 
Mixture: 

Pure 

Appearance (physical 
state): 

Powder. 

Color: White 
Odor: Starch 
Odor threshold: Not available 
Molecular Weight: > 10000 
pH: Not available 
pH in (1%) Solution: Approximately 5.5 
Melting 
Point/Freezing Point 
(°C): 

Not available 

Relative Density: Not available 
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 Specific Gravity 1.5 
Solubility(ies) in Water: Insoluble 
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4.3 STABILITY AND REACTIVITY 
 

Reactivity: Not expected to be reactive 

Chemical stability: Material is stable under normal temperatures and 
pressures. 

Possibility of hazardous reactions: Hazardous polymerization will not occur. 

Conditions to avoid (e.g., static discharge, 
shock, or vibration): 

None known 

Incompatible materials: None known 

Hazardous decomposition products: This product does not undergo spontaneous 
decomposition. Typical combustion products are 
carbon monoxide, carbon dioxide, nitrogen, and water. 

 
4.4 CLINICAL STUDIES – MECHANISM OF ACTION 

 
HAMS appears to work by altering the gut microbiome profile and improving glycemia and insulin 
sensitivity [26, 27]. Additionally, the FDA has concluded that there was scientific evidence for a qualified 
health claim that HAMS reduced risk of type 2 diabetes development in adults. 

 
 

4.5 STUDY RELATED INFORMATION 
 

HAMS-AB will be in the form of acetylated and butyrylated HYLON® VII corn starch [a resistant corn 
starch type 2 (RS2) derived from high amylose maize starch and containing approximately 70% amylose 
that has been acetylated and butyrylated. It will be provided by Ingredion Incorporated, Bridgewater, NJ. A 
computer-based randomization plan will be prepared by the PI. Randomization lists will be kept by the PI. 

 
HAMS is a resistant corn starch type 2 dietary supplement which is high in certain foods such as potatoes 
and green unripe bananas. RS2 is not digested in the small intestine and acts as a dietary fiber. Many short 
chain fatty acids (SCFAs), including acetic, propionic, and butyric acid, are formed normally during bacterial 
fermentation in the gut after fiber intake. Therefore, there are no expected adverse effects in general. Similarly, 
we do not expect any adverse effects during pregnancy. However, to be safe, female subjects who are pregnant 
or anticipating pregnancy will not be enrolled and pregnancy tests will be done for females of reproductive 
potential at all visits. 

 
HAMS has a satisfactory safety profile based on exposure in adults and pediatrics given that it is a dietary 
supplement available over the counter. To date, there has been no indication of specific organ class toxicity. 
Additionally, there has been no indication of a particular pattern of event clustering or increased individual 
safety risk, and no increased vulnerabilities or major risks have been identified for the T1D and pediatric 
population. 

 
5.0 – ELIGIBILITY 

 

5.1 INCLUSION CRITERIA 
Patients must meet all the following criteria: 

• Be between 11-17 years of age 
• Willing to consume HAMS-AB and follow a diabetic diet 
• Diagnosed by ADA criteria [45] with T1D in the last 4-36 months 
• Random non-fasting C-peptide of 0.17nmol/L or greater 
• Willing to use an effective form of contraception if sexually active 



12 

 
 
IRB# 1907172784  Version 12.0 - April 2023 
 
 

 

• BMI< 85% for age and sex 

• Positive for any one of the following diabetes-related autoantibodies that are tested 
clinically [IAA (if tested within 14 days of diagnosis), GAD, IA-2, or ZnT8]. 

 
5.2 EXCLUSION CRITERIA 

Individuals who meet any of the exclusion criteria during the study will be replaced. However, participants 
may re-enroll if in the future, meet all elig ibility requirements. Participants who re-enroll will need to be 
reassessed for their starting point. Participants must NOT meet any of the following criteria during enrollment 
re-entry or re-enrollment: 

1. Presence of severe, active disease that interferes with dietary intake or requires the use of chronic 
medication, with the exception of well-controlled hypothyroidism and mild asthma not requiring 
oral steroids. 

2. Diabetes other than T1D (Known monogenic forms of diabetes, Type 2 diabetes) 
3. Chronic illness known to affect glucose metabolism (e.g., Cushing syndrome, polycystic ovarian 

disorder, cystic fibrosis) or taking medications that affect glucose metabolism (e.g., steroids, 
metformin) 

4. Psychiatric impairment or current use of anti-psychotic medication 
5. Any condition that, in the investigator’s opinion, may compromise study participation or 

may confound the interpretation of the study results. 
6. Female participants of child-bearing age with reproductive potential, must not be pregnant and 

agree to use an effective form of birth control or be abstinent during the study period (see below) 
7. History of recurrent infections 
8. History of on-going infections or antibiotic treatment within the past 4-6 weeks 
9. History of immune compromise 
10. Steroid intake (inhaled or oral) 
11. Other immunosuppressant use in past 6 months 
12. History of gastrointestinal disease 
13. Possible or confirmed celiac disease 
14. Pregnancy or possible pregnancy 
15. Allergy to corn (prebiotic) 
16. Allergy to milk or milk products or soy present in Boost 
17. Participation in other intervention research trials within the past 3 months 
18. Anticipate major changes in diabetes management during study (change from injection to 

pump, start of CGM usage if not already using one) 
19. Consuming high fiber or vegetarian diet (consuming three or more servings of high fiber foods 

on 4 or more days per week) by history. 
20. If taking fiber supplements or probiotics, unwilling to stop for the duration of the study. 

 
Although generally considered to be safe, this has not been specifically studied in pregnant women and therefore, 
females of childbearing age will be asked to use effective Forms of Birth Control – any one of the following 
(additionally, participants will be counseled on the use of a second method of contraception): 

a. Use of oral, injected, or implanted hormonal methods of contraception or other forms of 
hormonal contraception that have comparable efficacy (failure rate <1%), for example, hormone 
vaginal ring or transdermal hormone contraception 

b. Placement of an intrauterine device (IUD) or intrauterine system (IUS) 
c. Barrier methods of contraception: Condom or Occlusive cap (diaphragm or cervical/vault 

caps) with spermicidal foam/gel/film/cream/vaginal suppository 

5.3 EARLY TERMINATION OF A STUDY PARTICIPANT 
 

Treatment will stop and the subject will return for an exit visit if any of the following conditions occur: 
• withdrawal of consent 
• pregnancy (female participants) 
• any medically important event such as a concurrent illness or complications 



13 

 
 
IRB# 1907172784  Version 12.0 - April 2023 
 
 

 

• any investigator judgment 
6.0 – STUDY PROCEDURES 

6.1 STUDY DESIGN 
 

 
6.2 RANDOM ASSIGNMENT 

 
Subjects will be randomly assigned (6 in each arm) to either HAMS-AB plus a recommended diabetic diet or 
control diabetic diet alone [49, 50] for the first 4 week of treatment period. After a suitable washout period 
during which participants do not need to follow the recommended diet or use the supplement, subjects will 
continue for 4 weeks after a cross-over. All participants will be expected to follow the guidelines for a healthy 
diabetic diet during the study period, except for during the 4-week washout period. 

 
A computer-based randomization plan will be prepared by the principal investigator. The document will be 
kept by the study team for use. As a subject is screened and qualifies, he/she will be assigned in order of 
screening date on the computer-generated document. One master list will be maintained in a confidential central 
shared folder for use.  Subjects will be replaced on an ongoing list if they drop out. 

 
Participants will be instructed to consume HAMS-AB with food, such as apple sauce or oatmeal, in two divided 
doses at breakfast and dinner at a total daily dose to be calculated as has been previously described for children: 
10g plus 1g per year of age daily [44]. The prebiotic will be dispensed by the Investigational Drug Services (IDS) 
at Indiana University. 

 
HAMS-AB will be in the form of acetylated and butyrylated HYLON® VII corn starch. 
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6.3 SCHEDULE OF EVENTS 

 
 

Study Phase 
 

Screening Baseline- 
Intervention 

 
Washout 

 
Crossover- 

Intervention 

 
Follow-Up 

 
Early Termination 

Visit 
Visit Number 1 2 3 4 5  
 
Visit Window 

 < 30 days after 
Visit 1 

+/- 3 days 
28 days after 

Visit 2 

+/- 3 days 
28 days after 

Visit 3 

+/- 3 days 
28 days after 

Visit 4 

 

Informed consent/Assent X      
Inclusion/Exclusion criteria X      
Historical Data/Demographics* X      
Pancreatic Autoantibodies † X      
Random C-peptide concentration†† X      
Randomization  X     
Pregnancy test** X X X X X X 
Current Medical data***  X X X X X 
Pubertal Tanner staging with physical exam X      

Ht/Wt measurement and vitals X X X X X X 

Supervised CGM insertion (and training, if 
applicable on use) ††† 

 X  X   

C-peptide by 2-hr MMTT††††   X  X X 
HbA1c  X   X X 
Blood samples for biomarkers (PI:C and INS 
DNA) 

 X X X X X 

Provision of HAMS-AB  X  X   
CGM download   X  X X 
Stool samples****  X X X X X 
 Whole blood for additional T1D testing  X X X X X 
Serum and plasma for storage^  X X X X X 
Adverse event assessment*****  X X X X X 
Dietary Assessments*******  X X X X X 
Verbal Diet recall X      
Sampling of prebiotic  X      
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Data Collection: 
*Historical data: Date of birth, sex, Race/Ethnicity, date of diagnosis of T1D. 
**To be done in girls of reproductive potential. 
***Current Medical Data (All visits except screening): Medication use including types of insulin, means of insulin administration, and total daily insulin dose 
(u/kg body weight, averaged over the 3 days prior to each study visit), use of other medications. 
****Stool samples will be collected at home using a kit (Zymo feces catcher and RNA/DNA shield fecal collection tubes) within 3 days of presentation to each 
visit. 
*****Participants will be assessed for safety with questions regarding general well-being as well as specific questions to evaluate for adverse events. Participants will 
also be questioned about stool form and frequency, gastrointestinal symptoms, fevers, or infection. 
*******Dietary Assessments will be ideally obtained using the Automated Self-Administered 24-Hour (ASA24) dietary assessment tool [46-48], a web-based tool 
for administering automatically coded, self-administered recalls/food records. This will allow assessment of dietary fiber intake along with other dietary components. 
Participants will be asked to fill these in for the 24 hrs. diet recall prior to each stool collection in a time frame of +/- 3 days from the stool sample collection. This 
can also be completed during the study visit. Diet diaries will be accepted in lieu of the online questionnaire. Participants will be asked to record all meals and snacks, 
time of day, number of servings, major food components or description (for example chicken or protein), estimated portion sizes and whether they completed the 
meal or not, and any drinks including water. 
†Pancreatic autoantibodies to be tested only in those with no evidence of being tested for antibodies in their medical chart to confirm T1D. 
††Random, non-fasting c-peptide: C-peptide level will be analyzed at Indiana University Translation Core Lab using a two site immuno-enzymometeric assay using 
a Tosoh 2000 auto- analyzer (TOSOH, Biosciences, Inc., South San Francisco, CA). The C-peptide assay is calibrated against the WHO IS 84/510 standard and 
has a sensitivity level of 
0.05 ng/mL. 
†††At visit 2 (baseline/intervention) and 4 (crossover), a blinded CGM sensor will be inserted in those participants who are not currently using a CGM as part 
of their routine care. Training will be provided on calibration of the sensor, its use in blinded mode, and sensor insertion. Participants will be reminded to insert 
a sensor at home after approximately 14 days and continue using the blinded sensor for an additional 14 days. Participants will use their own home blood 
glucose meter or (if had been previously using one) CGM for regular blood glucose monitoring. The participant will return after 4 weeks to assess the CGM data. 
CGM must be used for at least 200 hours (equivalent to 8.3 days out of 14 days) 
††††C-peptide by 2-h MMTT: 2-hour MMTT will be performed using the standardized protocol utilized by the TrialNet Centers [51]. The early 
discontinuation MMTT will only be done if it has been at least 6 weeks since the last MMTT. 
^Serum and Plasma for storage – subject has option to consent or deny storage. Will be used for future type 1 diabetes research assays. 
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6.4 STUDY VISITS 
 

Visit 1 – Screening  
This visit will be at the hospital or research center. It will last approximately 1-2 hours and will include: 

• Obtain informed consent/assent documents and determine inclusion and exclusion criteria 
• Measurement of height and weight to determine BMI percentile eligibility and physical exam including 

pubertal staging 
• Obtaining Vital signs (heart rate, temperature, blood pressure, and respiratory rate) 
• Obtaining medical history 
• Dietary assessment by verbal recall 
• Obtaining blood sample (approximately 1.5 tablespoon) – Random non-fasting c-peptide, pancreatic 

autoantibodies if not previously done to confirm T1D diagnosis 
• For female adolescents: urine will be collected for a pregnancy test 
• Subject to sample prebiotic for palatability to ensure compliance  

Visit 2 – Baseline-Intervention 
This visit will be at the hospital or research center. It will last approximately 1-2 hours and will include: 

• Measurement of weight and bedside nurse assessment such as general appearance, respiratory and 
cardiac assessment. 

• Obtain vital signs (heart rate, temperature, blood pressure, and respiratory rate) 
• Collecting a diet history (diary or questionnaire) 
• Collecting Adverse Events (if applicable) 
• Obtaining medical history and insulin use 

Obtaining blood samples (approximately 2 tablespoons) – HbA1c, Serum biomarkers of beta cell stress 
and death (PI:C and INS DNA), other T1D testing, and serum and plasma for storage. 

o Some of the blood will be stored for future T1D research   use 
• CGM placement and training for participants not currently using one. 
• For female adolescents: urine will be collected for a pregnancy test 
• Collecting stool samples prior to or the morning of the visit (a stool collection kit will be shipped to the 

participants once eligibility is confirmed) 
• Study Randomization to either supplement or standard of care diabetes management and a diabetic diet. 

– Supplement (HAMS-AB) will be provided and will be taken by mouth twice daily with food such as apple 
sauce or oatmeal as described in Section 6.2. Instructions will be provided for recommendations on a 
healthy diabetic diet. 

• A new stool collection kit will be provided for the next visit 
 
Visit 3 - Washout 
This visit will be at the hospital or research center. It will last approximately 2-4 hours and will include: 

• Measurement of weight, assessment of CGM insertion sites, as well as bedside nurse assessment such as 
general appearance, respiratory and cardiac assessment. 

• Obtaining Vital signs (heart rate, temperature, blood pressure, and respiratory rate) 
• Collecting a diet history (diary or questionnaire) 
• Collecting Adverse Events (if applicable) 
• Obtaining medical history and insulin use 
• CGM download 
• For female adolescents: urine will be collected for a pregnancy test 
• Collecting stool samples prior to or the morning of the visit 
• Obtaining fasting blood sample (approximately 5 tablespoons) – Serum biomarkers of beta cell stress 

and death (PI:C and INS DNA), other T1D testing, and serum and plasma for storage and MMTT 
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samples (see below), and serum and plasma for storage 
o Some of the blood will be stored for future T1D research   use 

• Completion of a mixed meal tolerance test (MMTT).  See below. 

• After completion of this visit, participants will be instructed to follow a regular diet with no supplement 
intake for the following 4 weeks and to follow standard diabetes care as instructed by their diabetes 
provider. 

• A new stool collection kit will be provided for the next visit 

Preparing for an MMTT 
• Subjects will be asked to fast except for water for at least 10 hours prior to visit. 
• Subjects will be asked to limit strenuous activity for at least 10 hours prior to visit. 
• Subjects will be asked to consume at least 150 g of carbohydrates each day for 3 days. 
• If subject experiences hypoglycemia, morning of the visit, subjects will be instructed to treat low 

blood sugar and to reschedule MMTT procedure. 
 

MMTT Visit procedures 
Blood glucose will be tested and the MMTT started if blood glucose <200 by 10:00am. Long-acting 
insulin may be taken per routine, but short acting insulin must not have been given within 2 hours of 
MMTT. 
An IV catheter will be placed in the arm by trained nurses for blood drawing purposes. Blood will be drawn 10 
minutes prior to drinking Boost, just prior to drinking Boost, 15, 30-, 60-, 90-, and 120-minute post Boost 
consumption. High Protein Boost will be measured to a dose of 6ml/kg body weight (maximum dose 360ml). 
Total volume of blood will be approximately (5 tablespoons) not to exceed 5ml/kg/day. 

 
Visit 4 Crossover-Intervention 

This visit will be at the hospital or research center. It will last approximately 1-2 hours and will include: 
• Measurement of weight, assessment of CGM insertion sites, as well as bedside nurse assessment such as 

general appearance, respiratory and cardiac assessment. 
• Obtaining vital signs (heart rate, temperature, blood pressure, and respiratory rate) 
• Collecting a diet history (diary or questionnaire) 
• Collecting Adverse Events (if applicable) 
• Obtaining medical history and insulin use 
• Obtaining blood samples (approximately 2tablespoon) – Serum biomarkers of beta cell stress and 

death (PI:C and INS DNA), other T1D testing, and serum and plasma for storage 
o Some of the blood will be stored for future T1D research use 

• For female adolescents: urine will be collected for a pregnancy test 
• Supplement (HAMS-AB) will be provided and will be taken by mouth twice daily in the treatment arm 

as above in addition to insulin for diabetes management. Those in the control arm will follow standard 
diabetes management in addition to a recommended diabetic diet. 

• New CGM supplies given, if applicable. 
• Collecting stool samples 3 days prior to or the morning of the visit 
• A new stool collection kit will be provided for the next visit 

 
Visit 5 Follow-Up and/or Early Termination Visit 
This visit will be at the hospital or research center, will last approximately 2-4 hours and will include: 

• Measurement of height and weight and assessment of CGM insertion sites 
• Obtaining vital signs (heart rate, temperature, blood pressure, and respiratory rate) 
• Collecting a diet history (diary or questionnaire) 
• Collecting Adverse Events (if applicable) 
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• Obtaining medical history and insulin use 
• Obtaining blood samples (approximately 5 tablespoons) – HbA1c, Serum biomarkers of beta cell stress 

and death (PI:C and INS DNA), MMTT samples (see above), other T1D testing, and serum and 
plasma for storage 

o Some of the blood will be stored for future use 
• For female adolescents: urine will be collected for a pregnancy  test 
• Completion of a mixed meal tolerance test (MMTT) See Visit 3 for details. 

• CGM download 
• Collecting stool samples prior to or the morning of the visit 

An early discontinuation MMTT will only be done if it has been at least 6 weeks since the last MMTT. 
 

6.5 ONGOING DIABETES MANAGEMENT 
 

All study participants will have a treating endocrinologist who is primarily responsible for their diabetes care. In 
general, the expectation is that all participants will receive at least three injections of insulin daily, including 
short- and long-acting insulin preparations, or will utilize continuous subcutaneous insulin infusion (CSII, 
insulin pump). As part of diabetes monitoring during the subjects’ participation, we will encourage participants 
to check glucose levels at least four times daily if using blood glucose monitor and if not already using a CGM. 
At the time of visits the study team will suggest changes that they believe would improve the glucose control, 
if necessary. Letters summarizing the study visit will also be sent to the endocrinologist after parental agreement. 

 
In addition, insulin use, hypoglycemic events, and any episodes of ketoacidosis will be captured at each visit on 
the appropriate CRFs. 

 
Participants will be requested to record the amount of insulin they have used during the 3-day period 
immediately preceding each study visit. Insulin use logs will be provided to participants at each study visit and 
collected at the next visit. These logs will serve as the source documents. 

 
6.6 BANKED SPECIMENS 

 
Serum and plasma will also be banked and stored at Indiana University for other type 1 diabetes related assays 
and for potential future use by other investigators. Participants will have the option to not have samples stored 
on the informed consent documents. 

 
7.0     REPORTING OF ADVERSE EVENTS OR UNANTICIPATED     
PROBLEMS INVOLVING RISK TO PARTICIPANTS OR OTHERS 

7.1 UNANTICIPATED PROBLEMS 
 

In the unlikely event of an acute emergency with a subject, all procedures will be performed in a hospital setting 
by trained personnel. 

 
In the event of physical injury resulting from the participation in this research, necessary medical treatment will 
be provided and billed as part of their medical expenses. Costs not covered by health care insurer will be the 
subject’s responsibility. Also, it is the subject’s responsibility to determine the extent of health care coverage. 
There is no program in place for other monetary compensation for such injuries. However, the subject will not 
give up any legal rights or benefits to which he/she is otherwise entitled. If any severe adverse events occur 
while not at a medical facility, the subject will be responsible for seeking medical care and for the expenses 
associated with any care received. 
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7.2 DATA SAFETY MONITORING 
 
The data safety monitoring plan involves Dr. Zeina Nabhan, MD, a pediatric endocrinologist, to review 
this study for data for quality, rate of subject recruitment, adverse events, procedures for protecting patient 
privacy, and any protocol deviations every 6 months following the first subject enrolled. If the review 
concludes that there are significant safety concerns or quality of the data is unsatisfactory, no further 
enrollment will occur until these issues have been addressed and any changes to the study approved by the 
IUPUI IRB. 

7.3 ADVERSE EVENTS 
 

An adverse event is defined as any unintended or abnormal clinical observation that is not of benefit to the 
patient. Either the condition was not present prior to exposure to study supplement, or it has worsened in 
intensity or frequency following exposure to the study supplement. Adverse events will be graded according to 
the National Cancer Institute (NCI) Common Terminology Criteria v5.0. 
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_ 
5x7.pdf 
Any suspected or confirmed toxicity should be reported immediately (within 24 hours) to the principal 
investigator. 

 
Hypoglycemic and hyperglycemic events that are seen as part of daily diabetes management will not be 
considered adverse events unless they result in hospitalization 

 
Principal investigators (PI) will report to the IRB as soon as possible, but in all cases within 5 working days 
from notification any event that appears on the List of Events that Require Prompt Reporting to the IUPUI 
IRB. 

 
List of Events that Require Prompt Reporting to the IUPUI IRB: Any of the following: 

• Event (including adverse events, injuries, side effects during the research study), which in the 
opinion of the PI 

• caused harm to one or more subjects or others, or placed one or more subjects 
or others at increased risk of harm; AND 

• was unexpected; AND 
• was related to the research procedures 

 
Note: After the study is closed with the IRB, these events will only be reported if they are profound, or they 
demonstrate long-term risks that would necessitate notifying subjects. 

• Protocol deviation/violation (as defined under this policy) 
• Change to the protocol taken without prior IRB review to eliminate apparent immediate hazard to a 

research subject (e.g., purposeful and for subject safety) 
• Complaint of a subject that indicates unexpected risks, or complaint that cannot be resolved by the 

research team 
• Interim findings and safety monitoring reports that indicate an unexpected change to the risks or 

potential benefits of the research, in terms of severity or frequency 
• Publication in the literature that indicates an unexpected change to the risks or potential benefits of 

the research 
• Change in FDA labeling or withdrawal from marketing of the supplement used in this research 

study 
• Noncompliance (as defined in this policy) 

https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_5x7.pdf
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8.0    STATISTICAL CONSIDERATIONS 

A sample size of 12 with a cross over design (i.e., 12 per arm) is considered adequate to estimate effect sizes for 
efficacy to aid in designing future trials for responses that are normally distributed [52]. Simple comparisons will 
be performed using chi-square for categorical variables and t-tests for continuous variables. Random attritions 
and failed screens will be replaced. An intention to treat analysis will not be appropriate given the crossover design. 
Adverse events will be presented as the proportion of each event seen. This is considered a minimal risk study 
with low risk for minor adverse events such as mild gastrointestinal symptoms that could be related to increased 
dietary fiber intake. Our primary outcome is changes in the gut microbiome profile. To determine the diversity 
and richness of the microbiome, we will calculate a diversity index for both the pre- and post-intervention time 
points for each recipient. Microbial sequence analysis and statistics will be analyzed using the Quantitative Insights 
into Microbial Ecology (QIIME) 1.8.0 software as previously described [53]. 

 
8.0    PRIVACY/CONFIDENTIALITY ISSUES 

 
Data sources will include paper and electronic medical records and test results. Data will be recorded on paper, 
desktop computers, and laptop computers. The Principal Investigator, Research Coordinators, Co- 
Investigators, Biostatistics, and Governmental Agencies will have access to the individually identifiable data. 
This data will be safeguarded by locking storage cabinets and office doors, keeping information in areas with 
limited public access, password protecting computers and files, and regular back-ups of electronic data. Data 
will be retained indefinitely. When confidential data need to be discarded, paper records will be shredded, 
CD’s and diskettes will be destroyed, and data will be permanently deleted from computers. When possible, 
only de-identified data will be shared. If identifiable data will be shared, it will be done by fax in a secured 
area, on a shared drive with password protection, or by personal delivery by authorized research personnel. 

 
10.0   FOLLOW-UP AND RECORD RETENTION 

10.1 RECORD RETENTION 
The duration of this study is expected to be 2 years. All specimens and records will be held as required by 
law and until no further questions arise from the data. 
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