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CHAPTER 1: BACKGROUND INFORMATION AND STUDY 82 

SYNOPSIS 83 

 84 

1.1 Background and Rationale 85 
Racial differences in glucose control have been reported in people with type 1 diabetes (T1D).  86 

The SEARCH for Diabetes in Youth study reported that African American youth with T1D were 87 

more likely to have an HbA1c >9.5% than Caucasian youth (35.5% versus 12.3%) (1).  88 

Similarly, in the T1D Exchange clinic registry, mean HbA1c was reported to be higher in non-89 

Hispanic African Americans compared with non-Hispanic Whites (9.6% versus 8.4%).  90 

 91 

Although it has been presumed that the higher HbA1c levels in African Americans represents 92 

worse glycemic control, it also has been hypothesized that the higher HbA1c levels could be an 93 

artifact due to race-based genetic differences in the glycation of hemoglobin at the same glucose 94 

levels.  Biological differences to explain variability in the association of mean blood glucose 95 

with HbA1c has been referred to as a “glycation gap.”  Previous reports suggest that genetic 96 

differences may account for up to 62% [95% CI: 47-75%] of variability (2) in the association of 97 

mean glucose and HbA1c (3). 98 

 99 

Several studies have used continuous glucose monitoring (CGM) or home blood glucose meter 100 

data to assess the relationship between mean glucose and HbA1c (4-7).  A 3-month observational 101 

study of 10 clinical centers in the U.S., Europe, and Africa demonstrated strong support for a 102 

linear relationship between mean glucose and HbA1c levels, with some evidence that African 103 

Americans might have lower mean glucose per any given HbA1c level (4).  A 6-month 104 

observational study conducted in the U.S. noted fairly constant measures of glycability consistent 105 

with what one might expect to see from individual differences, however, these differences in 106 

glycability explained less than half of the differences in HbA1c levels (5).  In an analysis of 107 

CGM data from the JDRF CGM RCT, mean glucose ranged from 128 to 187 mg/dl for an 108 

HbA1c level of 7.0±1.0% (6).  Previous studies included too few African Americans to make a 109 

meaningful assessment as to whether racial differences exist in the glycation gap or whether 110 

HbA1c levels in African-Americans tend to overestimate mean glucose compared with Whites. 111 

Herman and Cohen have reviewed the literature on racial differences in the relationship between 112 

HbA1c and blood glucose and make a compelling case for the existence of true differences and 113 

the need for data to definitively address this issue (8). 114 

 115 

Several studies have evaluated the optimal sampling duration for using CGM data to estimate 116 

mean glucose (9) and other studies (5, 10).  Consistently, the studies have shown that at least 14 117 

days of CGM glucose data are needed to have a stable estimate of mean glucose.  Xing et al (9) 118 

assessed different sampling strategies over a three-month period and concluded that a 12-15 day 119 

period of monitoring every three months may be needed to optimally assess overall glucose 120 

control. 121 

 122 

An understanding of whether HbA1c reflects glycemic levels (as estimated by mean glucose) 123 

with similar accuracy in African Americans as in Whites is critical for patient management since 124 

HbA1c levels typically are used as the metric to determine the effectiveness of treatment.  Thus, 125 

this study was designed to assess whether differences exist in the HbA1c-mean glucose 126 

relationship between non-Hispanic African Americans and non-Hispanic Whites. 127 

 128 

 129 
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1.2 Study Objective 130 
The primary objective of the study is to determine whether a racial difference exists in the 131 

association of mean glucose with HbA1c between non-Hispanic African Americans and non-132 

Hispanic Whites with T1D, and in particular to determine whether HbA1c levels overestimate 133 

mean glucose in non-Hispanic African Americans compared with non-Hispanic Whites. 134 

 135 

 136 

1.3 Study Summary 137 
This multi-center observational study will include up to 225 individuals with T1D with 138 

approximately equal numbers of non-Hispanic African American and non-Hispanic White 139 

participants, stratified in two age groups of 8 to <18 years old and >18 years old.  At enrollment, 140 

blood will be drawn for measurement of HbA1c, fructosamine, glycated albumin, hemoglobin 141 

electrophoresis, total CBC with indices, reticulocyte counts, serum creatinine, and total bilirubin.  142 

Additional samples may be collected for storage in the T1D Exchange Sample Repository.  A 143 

blinded CGM device will be worn as continuously as possible for 12 weeks, with a clinic visit 144 

every 14 days to change the sensor.  The sensor to be used in the study is a modified, 145 

investigational version of Abbott Diabetes Care’s Flash Glucose Monitoring system that has a 146 

14-day memory sensor (see section 2.5).  A log will be completed by the participant for at least 7 147 

days on three occasions, recording meal times, insulin dosing, and exercise.  During the periods 148 

where a daily log will be kept, participants may be asked to wear an accelerometer to record 149 

activity.  Blood will be drawn for measurement of HbA1c level, blood glucose, fructosamine, 150 

and glycated albumin at two of the follow-up visits and at the final visit. 151 

  152 
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CHAPTER 2: STUDY PROTOCOL 153 

 154 

2.1 Recruitment and Informed Consent 155 

Up to 225 participants are expected to be enrolled, with approximately 100 participants in each 156 

of the two age strata (8 to <18 years old; ≥18 years old) and within each age strata, 157 

approximately 50 non-Hispanic African American and 50 non-Hispanic White participants.  158 

Participants with abnormal lab results (i.e., hemoglobinopathy or anemia) will remain in study 159 

follow up, but may be replaced as may participants with insufficient CGM data. 160 

 161 

For eligible participants, the study will be discussed with the potential participant and, for those 162 

<18 years old, with the parent/legal guardian (referred to subsequently as ‘parent’).  Informed 163 

consent will be obtained from the potential participant (and parent for minors) according to IRB 164 

requirements prior to performing any study-specific procedures that are not part of the potential 165 

participant’s routine care.  Assent will be obtained from minors according to IRB requirements. 166 

 167 

2.1 Eligibility Criteria 168 
2.1.1 Inclusion Criteria 169 

Potential study participants must meet all of the following inclusion criteria: 170 

1. T1D Exchange clinic registry participant (meeting eligibility criteria for presumed 171 

autoimmune T1D) 172 

 If an individual is not currently participating in the T1D Exchange, he/she must 173 

join the T1D Exchange clinic registry in order to participate in this study (see 174 

section 3.6). 175 

2. Age ≥8 years old 176 

3. Duration of T1D ≥ 2.0 years 177 

4. Self-identified race as non-Hispanic African American or non-Hispanic White; 178 

those selecting multiple race designations on the race/ethnicity form (see Appendix 179 

A) would be excluded 180 

 If parental race/ethnicity is known, both parents must be non- Hispanic African 181 

American or both parents must be non-Hispanic White in order for the 182 

participant to meet eligibility criteria. 183 

5. Most recent HbA1c: 6.0% to 12.0% within 3 months prior (most recent may be 184 

from point of care measurement on day of visit) 185 

6. Insulin regimen has been stable for the last two months, with no plans to switch the 186 

modality of insulin administration during the next 3 months (e.g., injection user 187 

switching to a pump, pump user switching to injections, or the addition of Lantus 188 

(Glargine) insulin) 189 

7. Current CGM users are eligible as long as CGM has been used for at least 3 months 190 

and individual is willing to use blinded study CGM as well. 191 

8.  Ability to read, write and speak English 192 

 193 

2.1.2 Exclusion Criteria 194 

Study participants must NOT have any of the following exclusion criteria: 195 

1. Females: pregnant or intending to become pregnant within the next 3 months 196 

2. Known hemoglobinopathy 197 

3. Known to have anemia, particularly hemolytic anemia 198 

4. History of blood transfusion in the last 3 months or planned blood transfusion 199 

during the course of the study 200 
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5. Use of erythropoietin 201 

6. Renal disease defined as history of dialysis, renal transplant, or known GFR <60 202 

ml/min/1.73 m
2
 203 

7. History of islet cell transplant or pancreas transplant 204 

8. Known active liver disease 205 

9. Extensive skin changes or diseases that would inhibit wearing a sensor 206 

10. Allergy to adhesives or other products involved with CGM use 207 

11. Recent substantial improvement or worsening in glycemic control (i.e., a change in 208 

HbA1c exceeding 1% in the last 3 months) 209 

12. Unable or unwilling to complete study procedures 210 

13. Any current or previous medical condition or medication use that the investigator 211 

considers would interfere with the ability of the subject to complete study 212 

procedures 213 

14. Concurrent participation in another study that could affect glycemic control 214 

 215 

 216 

2.2 Enrollment Examination 217 
At the enrollment examination, history will be elicited from the participant/parent and extracted 218 

from available medical records.  Data may be collected with regard to the participant’s diabetes 219 

history and current diabetes management, family history including parental race and ethnicity, 220 

socioeconomic indicators, current medications, and current medical conditions. 221 

 222 

Physical examination will include body weight and height for all participants and Tanner Staging 223 

for participants <18 years old. 224 

 225 

A blinded CGM sensor will be inserted and worn for 14 days (±2 days). Care instructions will be 226 

provided.  A blood glucose meter and test strips for use with study blood glucose meter will be 227 

provided for use during CGM wear. 228 

 229 

Non-fasting blood samples will be obtained for: measurement of hemoglobin electrophoresis, 230 

HbA1c level, fructosamine, glycated albumin, total CBC with indices, serum creatinine, 231 

reticulocyte counts and total bilirubin.  A fingerstick blood glucose check and a laboratory 232 

measurement of blood glucose may be done at the time blood samples are obtained. 233 

 234 

Additional blood samples may be collected for storage in the T1D Exchange Sample Repository, 235 

including DNA, RNA, peripheral blood mononuclear cells (PBMC), serum and plasma. 236 

 237 

A pregnancy test may be performed for female participants. 238 

 239 

 240 

2.3 Follow-up Visits 241 
Follow-up visits will occur 14 days (±2 days) from the prior visit for placement of CGM sensors, 242 

for an expected total of 6 follow-up visits over a time period of 12 weeks to a maximum of 16 243 

weeks (if one or more visits are delayed). Participants may receive reminder phone calls prior to 244 

follow-up visits. Visit week designations are titled according to ideal follow-up schedule, but 245 

may not correspond exactly depending on actual follow-up schedule. 246 

 247 

The 4 and 8 week visits will include a blood draw for measurement of HbA1c level, blood 248 

glucose, fructosamine, and glycated albumin.  A fingerstick blood glucose check may be done at 249 

the time blood samples are obtained. 250 
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 251 

The final visit will include point of care HbA1c measurement and a blood draw for measurement 252 

of HbA1c level, blood glucose, fructosamine, and glycated albumin.  A fingerstick blood glucose 253 

check may be done at the time blood samples are obtained.  At the final planned visit, the CGM 254 

data will be reviewed to determine if there is at least one week of data in the two week use 255 

period.  If not, a new sensor will be placed and the final visit will be deferred.  A food 256 

questionnaire may be administered at one or more visits. 257 

 258 

A log will be completed by the participant for at least 7 days on three occasions, recording 259 

information such as, but not limited to, meal times, insulin dosing, sleep pattern, and exercise.  260 

Participants may be given an accelerometer to wear during the time the log is being kept. 261 

 262 

There is no management or support during the study other than what would normally be 263 

provided as part of usual care.  The downloaded CGM data and blood glucose monitoring data 264 

from the study will be reviewed with the participant at conclusion of the study or at a subsequent 265 

usual care office visit.  Feedback on the format in which the CGM data are provided for review 266 

at the end of the study might be requested from the participant. 267 

 268 

 269 

2.4 Blood Sample Collection 270 
At the time of enrollment, non-fasting blood samples will be obtained for: measurement of 271 

hemoglobin electrophoresis, HbA1c level, fructosamine, glycated albumin, total CBC with 272 

indices, reticulocyte counts, serum creatinine, and total bilirubin.  A fingerstick blood glucose 273 

check and a laboratory measurement of blood glucose may be done at the time blood samples are 274 

obtained.  Additional samples may be collected for storage in the T1D Exchange Sample 275 

Repository, including DNA, RNA, peripheral blood mononuclear cells (PBMC), serum and 276 

plasma. 277 

 278 

At 4 and 8 weeks, non-fasting blood samples will be drawn for measurement of HbA1c level, 279 

blood glucose, fructosamine, and glycated albumin.  A fingerstick blood glucose check may be 280 

done at the time blood samples are obtained. 281 

 282 

The 12-week visit will include a point of care HbA1c and a non-fasting blood draw for 283 

measurement of HbA1c level, blood glucose, fructosamine, and glycated albumin.  A fingerstick 284 

blood glucose check may be done at the time blood samples are obtained. 285 

 286 

 287 

2.5 Continuous Glucose Monitoring  288 
The CGM that will be used in the study is a modified, investigational version of Abbott Diabetes 289 

Care’s Flash Glucose Monitoring system that has a 14-day memory sensor.  The system uses a 290 

wired enzyme-based sensor to measure glucose levels. No calibration by the user is needed.  The 291 

sensor automatically measures and stores glucose levels every 15 minutes.  The sensor has a 292 

simple and low pain sensor application, with a small low-profile sensor patch on the skin.  293 

Although the device is investigational, an IDE from the Food and Drug Administration is not 294 

required.  An IDE is not required for device studies that are considered to have less than 295 

significant risk.  Since the sensor is blinded, meaning that the subject cannot see the glucose 296 

values, there is no risk of the subject making a real-time change in insulin delivery or any other 297 

aspect of diabetes management based on glucose values from the sensor. 298 

 299 
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A sensor will be worn as continuously as possible for 12 weeks throughout the course of the 300 

study.  The CGM will be placed by a member of the study team every 14 days (±2 days) and 301 

participant/parent will be instructed on the use and return of the device.   302 

 303 

Minimum CGM data requirements for analyses are detailed in Chapter 4.  If insufficient data are 304 

obtained in the final 2-week period (weeks 10-12), the participant may be asked to extend sensor 305 

wear for an additional 2 weeks and return for a final visit. 306 

 307 

A blood glucose meter and test strips will be provided for use during CGM wear.  If participants 308 

use a personal CGM or insulin pump these data may be downloaded at study visits. 309 

2.6 Accelerometer 310 

Participants may be asked to use an accelerometer during the time the log is being kept.  311 

Participants will receive instructions on how to wear the device. 312 
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Screening 

& Baseline 

visit 

0 weeks 

2 weeks* 4 weeks* 6 weeks* 8 weeks* 10 weeks* 12 weeks* 

Window 
 

(±2 days) (±2 days) (±2 days) (±2 days) (±2 days) (±2 days) 

Informed consent X       

Focused medical 

history and 

physical exam  

X       

Point of Care 

HbA1c 
 

X 
(only if HbA1c 
from prior 3 

mos not 

available) 

 
 

 
 

 X 

Fingerstick blood 

glucose reading 
X  X  X  X 

Blinded CGM 

training and 

placement (wear 

for 14 days) 

X X X X X X 

X 
(only if 

insufficient 

data from 10-
12 weeks 

period) 

Blood Glucose 

Meter (BGM) for 

use throughout 

study 

X X X X X X 

X 
(only if 

insufficient 

CGM data 

from 10-12 
weeks period) 

Daily Log Start 

(daily log kept for 

at least 7 days) 

 X  X  X  

Accelerometer Use 

Start 

(may be worn  

while log is 

completed) 

 X  X  X  

Food Questionnaire 

(may be included) 
 X X X X X X 

Labs (Central):  

HbA1c; 

fructosamine; 

glycated albumin; 

blood glucose at 

follow up (may 

also be included at 

baseline)  

X  X  X  X 

Labs (Central): 

Hemoglobin 

Electrophoresis; 

Serum Creatinine; 

Reticulocyte 

counts; Total 

bilirubin; 

(Local Lab) Total 

CBC with indices; 

X       

T1D Exchange 

Sample Repository 
X       

*This is an estimation of weeks. Next visit will actually occur 14 days (±2 days) following the prior visit. 313 
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 314 

2.7 Quality Assurance and Monitoring 315 

The primary outcome data for the study will be HbA1c from the laboratories performing these analyses.  316 

Monitoring with include duplicate samples for quality control assessment. 317 

 318 

2.8 General Considerations 319 
This study is being conducted in compliance with the ethical principles that have their origin in the 320 

Declaration of Helsinki and with the standards of Good Clinical Practice. 321 

 322 
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CHAPTER 3: MISCELLANEOUS CONSIDERATIONS 323 

 324 

3.1 Adverse Events 325 
The only adverse events to be collected will be those related to the study procedures.  326 

Hypoglycemia will be considered an adverse event only if severe (defined as needing assistance 327 

of others due to altered consciousness) and hyperglycemia will be considered an adverse event 328 

only if it results in diabetic ketoacidosis.  Each investigator is responsible for informing his/her 329 

IRB of serious study-related adverse events and abiding by any other reporting requirements 330 

specific to his/her IRB. 331 

 332 

3.2 Benefits for Participants  333 
Results of this study will provide important new knowledge that will be generalizable to 334 

individuals with T1D. 335 

 336 

In addition, the results may have specific relevance for the participant with respect to 337 

determining how well HbA1c levels reflect mean glucose levels.  Retrospective review of the 338 

CGM data also may be useful for improving glycemic control. 339 

 340 

3.3 Risks 341 
The risks of the study are minimal.  The blood draws could result in discomfort or bruising, or 342 

rarely an infection.  For children <18 years the maximum blood volume will not exceed 5 cc/kg 343 

body weight over a 1-month period.  The exact blood volumes collected may vary according to 344 

local IRB regulations.  The maximum blood volume collected from adults >18 years will not 345 

exceed 250cc over a 1-month period. 346 

 347 

The risks of wearing the CGM are minimal. Participant may experience mild or moderate 348 

symptoms associated with the CGM sensor application or the adhesive used to keep the sensor in 349 

place. These include swelling, rash, itching, bruising, pain, bleeding and hardening of the skin. 350 

Infection, inflammation or bleeding at the sensor insertion site are also possible risks of applying 351 

a sensor to the skin. 352 

 353 

The risk of disclosure of protected health information is very small.  Efforts are taken to assure 354 

that this does not occur, in compliance with HIPAA/HITECH/future privacy regulations. 355 

 356 

3.3.1 Special Consideration for Children 357 

The study procedures are minimal risk, and the study is likely to yield general knowledge about 358 

T1D that is of importance for the understanding and amelioration of T1D in children.  Assent of 359 

children along with consent of the parents will be obtained prior to any study procedures, in 360 

accordance with IRB requirements.  This research proposal in children is therefore consistent 361 

with United States Department of Health and Human Services, Protection of Human Subjects, 362 

subpart D, section 46.404.   363 

 364 

 365 

3.4 Participant/Parent Reimbursement 366 
Participants will be reimbursed $50 per study visit for their transportation and time in the study.  367 

Additionally, participants who record the daily log will receive $50 for each of the 3 logs.  368 

Minimum criteria for daily log completion includes record of awakening time, bedtime and each 369 

insulin dose. 370 

 371 



 

t1dx racial glycation gap protocol 09-04-14 final-v1.3 Page 10 of 15 

 372 

3.5 Pregnancy 373 
Individuals who are known to be pregnant will not be able to participate in this study as 374 

metabolic changes associated with pregnancy may make data interpretation difficult. A 375 

pregnancy test may be completed as part of this study.   376 

 377 

 378 

3.6 T1D Exchange Clinic Registry 379 
If a participant is not already enrolled in the T1D Exchange clinic registry, he/she will become 380 

part of the registry when joining this study.  As a registry participant, information from their 381 

medical record will be entered following enrollment and may be entered into the registry 382 

database at least once a year and they will have an opportunity to provide their email address to 383 

be contacted in the future about other studies for which they may be eligible.  Participants also 384 

may be asked to complete a questionnaire(s) either on a computer, paper, or via telephone.  385 

Participants may be given the option to have questionnaires emailed to them and may decide 386 

whether or not to complete a questionnaire each time they are asked.  For current registry 387 

participants, an annual registry update will be completed during study follow up.  For all 388 

participants, the medical record data extraction for the registry is needed since such data 389 

complement the data being collected solely for this protocol and will be used in the analyses. 390 

 391 

Participants who do not wish to continue to have medical record data entered into the registry 392 

database annually will have the opportunity to withdraw from registry as does any registry 393 

participant. 394 

 395 

 396 

3.7 T1D Exchange Sample Repository 397 
The T1D Exchange Sample Repository is designed to support ongoing and future research by 398 

qualified investigators by collecting information and biosamples from people with T1D.  399 

Samples will be used only for the study of T1D and its complications.  Within this overarching 400 

purpose, multiple T1D Exchange studies will collect blood samples specifically for the T1D 401 

Exchange Sample Repository, whose policies and procedures will govern the release of data and 402 

samples to investigators.  The T1D Exchange Sample Repository is directed by the Biobank 403 

Operations Center at Benaroya Research Institute, Seattle, WA and the Jaeb Center for Health 404 

Research (JCHR) who are responsible for the oversight of the operations of this database and 405 

biosample repository.  Specifically, the JCHR IRB reviews and approves specific protocols 406 

under which data and samples may be obtained and shared, and ensures that adequate provisions 407 

protect the privacy and confidentiality of participants and data.  408 

 409 

Enrolled participants will have samples collected for storage in the T1D Exchange Sample 410 

Repository.  Blood will be drawn at enrollment and may include DNA, RNA, peripheral blood 411 

mononuclear cells (PBMC), serum and plasma.  Although blood samples will need to be 412 

collected as part of this study, participants will have the option of declining storage of 413 

biosamples for future use. 414 

 415 

 416 

3.8 Study Costs 417 
All study-specific visits, procedures, and supplies will be paid for by the study. 418 

 419 

 420 
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3.9 Participant Withdrawals 421 
Participation in the study is voluntary, and a participant may withdraw at any time. 422 

 423 

 424 

3.10 Confidentiality 425 
The participant’s T1D Exchange identification number will be used to identify all data.  Data 426 

will be entered on the Jaeb Center for Health Research’s secure website through an SSL 427 

encrypted connection. The Jaeb Center websites are maintained on Unix and Linux servers 428 

running Apache web server software and on a Windows server running IIS, all with strong 429 

encryption.  The study website is password-protected and restricted to users who have been 430 

authorized by the Jaeb Center to gain access.  431 

 432 

Samples will be labeled with a code that will have no components that could identify the 433 

participant.  The code of each sample will be linked in the Jaeb Center’s database to the 434 

participant’s T1D Exchange identification number. 435 

 436 

Samples will be sent to multiple facilities for specimen storage and analyses.  All laboratories 437 

and sample storage facilities will have an agreement with the Jaeb Center that will require 438 

compliance with HIPAA/HITECH/future regulations. 439 

 440 



 

t1dx racial glycation gap protocol 09-04-14 final-v1.3 Page 12 of 15 

CHAPTER 4: STATISTICAL CONSIDERATIONS 441 

 442 

The approach to sample size and statistical analyses are summarized below.  A detailed statistical 443 

analysis plan will be written and finalized prior to the completion of the study. 444 

 445 

4.1 Sample Size 446 

Data from prior studies were used to construct a linear regression model for CGM-measured 447 

mean glucose as the dependent variable and HbA1c as the independent variable from which the 448 

estimated slope was 20 mg/dl per 1% change in HbA1c with a corresponding standard error of 449 

1.18 mg/dl per 1%.  This translates into a standard deviation of  1.18 × √(455)  ≈ 25 mg/dl per 450 

1%.  451 

 452 

With these assumptions, a minimum sample size of 200 participants (100 White and 100 African 453 

American) will provide 80% power to detect a difference in slopes of 10 mg/dl per 1% HbA1c.   454 

 455 

4.2 Analysis Plan  456 

 457 

4.2.1 Primary Analysis 458 

The primary analysis will utilize HbA1c at 12 weeks and the prior 12 weeks of CGM values.  459 

 460 

The following steps will be undertaken prior to the statistical modeling stage: 461 

 462 

1) Weighted summary values for daily CGM averages (based on equal weights to each of 463 

the 24 hours measurements) up to 84 days will be computed using the formula provided 464 

by Tahara and Shima (1993) (11). 465 

2) Individual weighted CGM averages and HbA1C values at 12 weeks will then be 466 

summarized by racial groups 467 

 Race-specific graphical depictions of CGM values vs. HbA1c values will be 468 

constructed to develop an understanding of the unadjusted shape of such 469 

relationship.  470 

3) Diagnostics and assumptions will be checked for the proper modeling approach 471 

 Normality checks of the HbA1c (or CGM summary values) and/ or the residuals 472 

from any proposed model will be assessed using Q-Q plots and/or Wilk & Shapiro 473 

tests.  Constancy of the variance will be assessed using standard F-test and plots 474 

checks.   475 

 476 

 477 

 478 

4.2.2 Analytic Methods 479 

 480 

Modeling Approach  481 

The primary analysis model will have CGM weighted averages as dependent variable, which will 482 

be modeled as a function of HbA1c and race as well as the interaction between them.   If 483 

normality and constancy of variance hold, a simple least square regression model will be 484 
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followed for analysis.  However in the event of violation of these conditions, a robust modeling 485 

approach like the generalized linear mixed model will be pursued to accommodate any departure 486 

from normality and/or constancy of variance.  It is expected that relationship of CGM data vis-à-487 

vis HbA1c will be linear and the ultimate test in the interaction model is to determine if the 488 

slopes between the whites and blacks are significantly different.  489 

 490 

 491 

4.2.3 Missing Data 492 

HbA1c: Participants without a 12-week central laboratory HbA1c will be excluded from the 493 

primary analysis. 494 

 495 

CGM: A minimum of two weeks of data is required within each one-month period, with at least 496 

one week required in the final 2-week period.   Also, if insufficient data are obtained in the final 497 

2-week period (weeks 10-12), the participant may be asked to extend sensor wear for an 498 

additional 2 weeks and return for a final visit.  Additionally, based on volume of missing data, an 499 

imputing approach might be pursed to estimate missing observations.  500 

 501 

4.3 Secondary Analyses 502 
4.3.1 Age Groups 503 

The primary analysis will be replicated in two subgroups based on age (<18 and >18 years old). 504 

 505 

4.3.2 Other Subgroups  506 

Exploratory analysis will investigate the mean glucose-HbA1c relationship according to gender 507 

and HbA1c level.  508 

 509 

4.4 Additional Analysis/ Summaries:  510 
4.4.1 Baseline Tabulations:  511 

Summary statistics will be generated by racial groups and racial by age groups for demographics 512 

parameters of age, gender, duration of diabetes, BMI, fructosamine, HbA1c, insulin delivery 513 

method, and glycated albumin.  Laboratory abnormalities will be tabulated. 514 

 515 

4.4.2 Amount of CGM data:  516 

The amount of CGM data over the course of the study by racial group will be tabulated. 517 

 518 

4.4.3 Comparison of CGM and Blood Glucose Meter (BGM) 519 

CGM and BGM glucose measurements will be compared using usual accuracy metrics. In 520 

addition, study BGM measurements made in the clinic will be compared with central lab glucose 521 

measurements done at the time of blood draws. 522 

 523 

4.4.4 Additional CGM Data Analyses  524 

The CGM data may be used for additional assessments such as glucose levels on awakening in 525 

the morning and patterns of glucose levels during the day. 526 

 527 
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4.4.5 Other Measures of Glucose Control 528 

Similar to the primary analysis methods above, the relationship between weighted mean glucose 529 

and each of fructosamine and glycated albumin and whether this relationship differs by race will 530 

be assessed.   531 

 532 

Additionally, paired correlations (Spearman or Pearson) of HbA1c, fructosamine, glycated 533 

albumin and mean glucose will be examined for African Americans and Whites.  Also additional 534 

k-spline smoothing techniques will be pursued to relate CGM weighted values to HbA1c within 535 

each of the racial groups.  536 

 537 

4.5 Adverse Events 538 

Reportable adverse events will be tabulated. 539 
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Appendix A: 

Race/Ethnicity Form 



 

 A-2 

RACE ETHNICITY VERIFICATION 

Ethnic Category: 

  Hispanic or Latino 

  Not-Hispanic or Latino 

Definitions are as follows: 

Hispanic or Latino:  A person of Cuban, Mexican, Puerto Rican, South or Central American, or other 
Spanish culture or origin, regardless of race.  The term “Spanish origin” can be used in addition to “Hispanic” 
or “Latino.” 

Not Hispanic or Latino:  A person not of Cuban, Mexican, Puerto Rican, South or Central American, or other 
Spanish culture or origin, regardless of race. 

Racial Category: 

  American Indian or Alaska Native 

  Asian 

  Black or African American 

  Native Hawaiian or Other Pacific Islander 

  White 

  Other  _______________________________________ 

Definitions are as follows: 

American Indian or Alaska Native:  A person having origins in any of the original peoples of North and 
South America (including Central America), and who maintains tribal affiliation or community attachment. 

Asian: A person having origins in any of the original peoples of the Far East, Southeast Asia, or the Indian 
subcontinent including, for example, Cambodia, China, India, Japan, Korea, Malaysia, Pakistan, the 
Philippine Islands, Thailand, and Vietnam. 

Black or African American: A person having origins in any of the black racial groups of Africa.  Terms such 
as “Haitian” or “Negro” can be used in addition to “Black” or “African American.” 

Native Hawaiian or Other Pacific Islander: A person having origins in any of the original peoples of Hawaii, 
Guam, Samoa, or other Pacific Islands. 

White: A person having origins in any of the original peoples of Europe, the Middle East or North Africa. 

 


