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STUDY ABSTRACT 52 
 53 
BACKGROUND 54 
For the nearly 75% of patients living with type 2 diabetes (T2DM) that do not use insulin, decisions regarding self-monitoring of 55 
blood glucose (SMBG) can be especially problematic. Considering the many burdens SMBG testing places on patients, it is a resource 56 
intensive activity without firmly established patient benefits. While in theory SMBG holds great promise for sparking favorable 57 
behavior change, the potential for no benefit or even patient harm must be acknowledged. Possible negative effects on patient quality 58 
of life must be more closely examined along with the speculative benefits of SMBG in non-insulin treated T2DM. Among studies 59 
examining this issue a general consensus is evolving; while SMBG may or may not be clinically useful, its value can only be fully 60 
appreciated when the SMBG results are provided to patients in a useful manner. Testing without feedback, a common clinical 61 
occurrence, holds little clinical promise. 62 
 63 
OBJECTIVES 64 
The overarching goal of this proposal is to assess the impact of three different SMBG testing approaches on patient-centered outcomes 65 
in patients with non-insulin treated T2DM within a community-based, clinic setting. 66 
 67 
METHODS 68 
This is a pragmatic trial of 450 patients randomized to one of the following three SMBG testing regimens: 1) no SMBG testing; 2) 69 
once daily SMBG testing with standard patient feedback consisting of glucose values being immediately reported to the patient 70 
through the glucose meter; and 3) once daily SMBG testing with enhanced patient feedback consisting of glucose values being 71 
immediately reported to the patient PLUS automated, tailored feedback messaging following each SMBG testing event delivered to 72 
the patient through the glucose meter.  73 
 74 
The first two arms represent common SMBG testing approaches currently being used. The third arm is an enhanced, patient-centered 75 
approach to SMBG testing. SMBG values will be evaluated at routine clinic visits over 52 weeks. Patients’ health care providers will 76 
utilize the American Diabetes Association’s “patient-centered approach”, which focuses on individualization of patient care, to guide 77 
therapy modification. We will use a mixed methods approach. Quantitative patient assessments will occur at baseline and at 52 weeks. 78 
Qualitative assessments using patient and provider focus groups will occur at the conclusion of the intervention. We have actively 79 
engaged several stakeholders to inform the trial design, intervention and choice of outcomes. 80 
 81 
PATIENT OUTCOMES   82 
The following primary outcomes will be assessed: Quality of Life and Glycemic Control. We will assess differences across the 83 
following pre-specified subgroups: 1) prior experience using SMBG; 2) duration of T2DM; 3) baseline degree of glycemic control; 4) 84 
anti-hyperglycemic treatment; 5) age; 6) race/ethnicity; 7) health literacy; and 8) number of baseline comorbidities. 85 

 86 
Secondary outcomes will include diabetes-related treatment satisfaction, self-efficacy, distress, self-care, hypoglycemia frequency and 87 
patient-provider communication. 88 
1. Introduction 89 
This document provides background information and a description of the overall study design for the Monitor Trial, a pragmatic 90 
clinical trial assessing three approaches for managing non-insulin treated type 2 diabetes (T2DM). This study has been approved by 91 
the University of North Carolina Institutional Review Board.  92 
1.1 Background 93 
Diabetes mellitus (DM) is a metabolic disorder resulting from a defect in insulin secretion, insulin action, or generally both.1 At least 94 
285 million people worldwide have DM.2 The estimated costs of the condition in the US alone top 174 billion annually.3 Now 95 
described as an epidemic, the global incidence of DM is expected to double over the next two decades, reaching 435 million cases by 96 
2030.4 T2DM, closely linked to obesity, makes up around 90% of cases, with the remaining 10% being Type 1 and gestational. Recent 97 
Centers for Disease Control and Prevention (CDC) reporting shows alarming increases in T2DM in the US.5 The Southern states fare 98 
the worst, with rates of DM cases doubling in just 15 years.5 Complications from T2DM include heart disease, stroke, and diabetic 99 
retinopathy leading to visual impairment or blindness, kidney failure requiring dialysis or transplantation, and limb amputation. Other 100 
associations include higher risk of cognitive dysfunction, dementia, cancer, sexual dysfunction, and infection,1,6 plus increased rates of 101 
hospitalization and a shorter life expectancy.2 In the US, DM is the leading cause of kidney failure, non-traumatic lower-limb 102 
amputations, new onset blindness, and the seventh leading cause of death.4 103 
 104 
Given the devastating effects of DM, improving treatment for persons with DM is of obvious importance. DM is a chronic condition 105 
with no cure, thus disease management is the primary form of treatment. A main goal of management is to control blood glucose, 106 
which is evaluated primarily through blood levels of hemoglobin A1c (A1c). A1c relates closely to the average plasma glucose levels 107 
a patient experienced over ~3 months. According to the American Diabetes Association (ADA) guidelines, an A1c of 6.5% or above is 108 
a criterion for diagnosis.7 In addition to pharmaceuticals, self-monitoring of blood glucose (SMBG) through the use of strips and 109 
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glucose meters is a recommended method for maintaining better glucose regulation.7 The process entails using a lancing device to 110 
obtain a sample of capillary blood, which is then placed on a testing strip and read by a small hand held device. After several seconds, 111 
the current plasma glucose concentration is reported on the device. For patients with DM who are treated with insulin, SMBG is an 112 
accepted procedure for daily monitoring effects of insulin therapy.  However, the majority of T2DM patients do not use insulin.   113 
 114 
According to the CDC, 26% of people with DM use insulin, while the remainder uses oral medications only (58%) or no medications 115 
(16%).5 While control of A1c is equally important for persons with DM who are non-insulin treated (hereafter NIT DM), the value of 116 
SMBG testing for these patients is debatable.7-13 Proponents postulate that testing promotes better awareness of glucose levels, leading 117 
to improvements in diet and lifestyle. When test result are shared with health care providers, it is argued, there is also the potential for 118 
more timely treatment modifications. Competing arguments point to the costs of SMBG, both in terms of supplies (one-time use test 119 
strips currently cost around $1 each, with meters costing between $50-$100) and time, as well as the obvious discomfort involved 120 
(pricking the skin), all of which would be net harms if SMBG does not improve key outcomes for these patients. 121 
Scientific examinations of SMBG in NIT DM have provided mixed results. An early epidemiological evaluation of the issue using a 122 
retrospective, longitudinal analysis showed that nonfatal micro- and macrovascular event rates along with fatal event rates were lower 123 
in individuals performing SMBG routinely as compared to those who were not.14 A multitude of clinical trials followed. Several 124 
showed a significant benefit from SMBG testing on improving glycemic control,15-18 while others found no evidence of benefit.9, 19-22 125 
In fact, some studies even suggested harm from routine SMBG in patients with NIT DM, specifically, higher rates of depression and 126 
increased cost without accompanying benefits.23, 24 127 
 128 
Given these mixed results, a series of meta-analyses and systematic reviews were conducted to investigate the benefit or lack thereof 129 
of SMBG on glycemic lowering in patients with NIT DM.8-13 While meta-analyses can be a useful way to assess the clinical 130 
effectiveness of an intervention, they are limited by the quality and comparability of the clinical trials included in the analyses. Issues 131 
of sample size, duration/details of the intervention, and patient characteristics (e.g., newly diagnosed vs. longer duration of disease; 132 
baseline A1c level), varied considerably across the available studies. Given these critical differences, it is perhaps not surprising that 133 
the results of the meta-analyses have also shown conflicting results. However, the overall conclusion has been that SMBG is likely not 134 
cost effective for this population of patients.8, 9, 11 135 
 136 
Perhaps most important to understanding these mixed results is the fact that the question being addressed by the studies is itself not 137 
consistent, falling generally into two camps: ‘simple’ SMBG and ‘enhanced’ SMBG. In studies testing simple SMBG, patients 138 
conducting SMBG were compared to patients who were not. In evaluations of ‘enhanced’ SMBG, intervention group patients and/or 139 
providers were given education or feedback such that they were better able to interpret SMBG results and use them in a meaningful 140 
way with regard to lifestyle changes and treatment modification. Among tests of ‘simple’ SMBG, A1c levels were reduced on average 141 
by 0.2%, an amount that was statistically significant in these studies, but of doubtful clinical significance.11, 12 Studies of ‘enhanced’ 142 
SMBG found A1c reductions closer to 0.5%.11, 18, 25, 26 As additional ‘enhanced’ intervention SMBG studies were added to the 143 
literature,25, 27 more recent reviews and meta-analyses have drawn conclusions more in favor of testing.11, 28 This pattern suggests that, 144 
for SMBG to be an effective self-management tool in NIT DM, the patient and the health care provider must both actively engage in 145 
performing, interpreting, and acting upon the SMBG values.  146 
 147 
The effect of SMBG could impact patient quality of life (QOL) both positively and or negatively. Testing itself is a burden and could 148 
act as a constant reminder of one’s less than ideal health status.20, 29, 29 On the other hand, it could improve a patient’s sense of self-149 
efficacy and hope for maximizing health and independence into the future.29 A recent Cochrane Review identified only a handful of 150 
studies that had examined health-related quality of life (HRQOL), well-being, or patient satisfaction.8 While these studies did not find 151 
clinically relevant differences in HRQOL for those who do or do not test, the review indicated future research was needed.8 In one 152 
study, HRQOL initially decreased, but follow-up qualitative interviews showed that patients in the testing groups experienced an 153 
increased awareness of illness.20 While both simple and ‘enhanced’ versions of SMBG were evaluated, the enhanced version included 154 
only training in the meaning of the results and encouragement to explore how lifestyle and dietary choices affect test values. Without 155 
more hands-on use of results (e.g., reports provided to the care provider), patients might have felt more ‘overwhelmed’ than 156 
empowered by the experience of testing. Future studies of HRQOL and other patient-centered aspects of SMBG must examine it 157 
within the context of patient’s having actionable knowledge and improved opportunities for provider/patient collaboration. 158 
1.2  Self-monitoring practices 159 
The lack of consensus around the benefits or lack thereof of employing SMBG for persons with NIT DM has led to virtually no 160 
standardization in SMBG recommendations worldwide.30 Guidelines range from clear recommendations for regular testing, to general 161 
statements about ensuring that testing is an available option to patients, to not recommending testing except in specific cases.31 The 162 
ADA suggests “SMBG results may be helpful to guide treatment decisions and/or patient self-management.”7 Mirroring the lack of 163 
research in this area, very few guidelines on diabetes care and management even touch upon quality of life issues.31 Without medical 164 
consensus, it is not surprising that there is little consistency in either reimbursement for or routine use of SMBG in patients with NIT 165 
DM.  166 
 167 
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While researchers and medical organizations debate the overall issue of the value of SMBG testing in NIT DM, patients and clinicians 168 
face this choice daily and without adequate information as to its clinical or psychological outcomes. For some patients, their decision 169 
on testing will mirror that of their care provider. Yet more and more, patients play an active role in managing their own health. To 170 
some degree this is a necessary trend, because providers simply do not have sufficient time to provide intensive ongoing and 171 
comprehensive education and decision-making around diabetes self-management. Then too, even providers are looking for additional 172 
guidance on this question, including how to present options to patients and incorporate test results into care.32 The fact that patients are 173 
taking a greater role in their health care is generally positive, because those who do so also improve their outcomes.33,34 Diabetes self-174 
management, however, encompasses an increasingly complex set of services and supports, including glucose monitoring, medication 175 
management, nutrition counseling, physical activity promotion, social support networking and, when needed, psychotherapy.  176 
   177 
While current SMBG testing rates have not been well documented, in a recently published study of over 500 patients with NIT DM, 178 
14.1% reported never testing, 22.8% tested once a week or less, 22.3% tested once a day, and 54.7% tested more than twice a day.35 179 
These results point to over 75% of patients currently performing regular SMBG testing. The wide range in SMBG testing frequency is 180 
likely at least in part dependent on the recommendations of the providers from whom the patients were receiving care. In preparation 181 
for this grant application, we conducted a survey of SMBG habits and attitudes among patients with NIT DM who are part of the UNC 182 
Diabetes Care Center Patient Registry, a group consented for participation in research projects. Among the 62 of patients who had NIT 183 
DM, we found lower SMBG testing rates. Only one third said that they test one or more times daily, while 15% tested never or less 184 
than once a month. The remainder tested several times per week (38%), several times per month (20%), or less than once per month 185 
(5%). 186 
 187 
In addition to highlighting variability in testing rates, both the study by Wang and our pilot survey point to difficulties these patients 188 
encounter with regard to testing and using test results. Wang et al found that close to half (44.7%) reported missing or skipping blood 189 
sugar checks.35 In our UNC sample, despite the low testing rates, a full 87% felt SMBG is an important part of diabetes self-care, and 190 
79% said it was important to their provider. Indeed, 43% admitted that they test less often than suggested by their provider. At the 191 
same time, a small but important minority said their provider never instructed them on how often to test. Finally, even within the 192 
sample of patients for whom over 75% test at least daily, most patients are not taking appropriate problem solving steps in response to 193 
high (hyperglycemia) or low (hypoglycemia) blood sugar levels.35 194 
1.3 Modern diabetes self-management technologies 195 
Increasingly, patients are turning to the Internet and other new means of electronic communication for information, connections and 196 
guidance.36, 37 In a study of mobile health applications for SMBG that included English-language interfaces, over 900 were available 197 
for review.37 But of the 137 applications that were comprehensive enough to meet basic review criteria, only 7% included a module 198 
providing personalized education or feedback. This study highlights both the demand for and current unmet need among patients 199 
considering or currently participating in SMBG. Recognizing this, some are calling for greater use and development of such patient-200 
centered medical options.36 Kaufman refers to these technologies as “a solution whose time has long since arrived” but argues that, to 201 
be most effective, they must be ‘clinically linked,’ that is, occurring within the context of a trusted therapeutic relationship and an 202 
effective medical care system.36 As he goes on to point out, internet and cell phone use is now so widespread and inexpensive that it is 203 
erasing geographic, economic and demographic barriers to obtaining health information and support. He argues that the medical 204 
system should take advantage of these facts to further incorporate information technology into patient care and support.  205 
1.4 Testing approaches 206 
In order to make informed patient choices, patients and their providers need accurate, generalizable and meaningful information about 207 
the merits or demerits of SMBG testing for persons with NIT DM. Because the existing research, though relatively extensive, has not 208 
yet met this important need, more research must be done on this issue. The Consensus Report of the Diabetes Technology Society 209 
provides a list of recommendations for future research relating to SMBG in NIT DM. In regard to the intervention itself, they 210 
recommend that it a) is linked to a structured program designed to facilitate behavior change, b) has A1c as a primary endpoint but 211 
include patient-centered endpoints, c) include encouragement and support, preferably in the form of personalized, automated feedback 212 
to patients in real time, d) takes advantage of telemedicine opportunities, and d) incorporate best practices guidelines and standards for 213 
physicians.28 Many of these recommendations overlap with others’.11, 29, 30, 38 In addition to these critical features, future research 214 
should be designed with a pragmatic eye, adhering as closely as possible to the real world setting in which SMBG would be carried 215 
out by patients and utilized by patients and health care providers collaboratively. To date, no large-scale, pragmatic RCT has 216 
evaluated the impact of SMBG testing in patients with NIT DM in which a multi-dimensional approach to SMBG value management 217 
has occurred. Performing another randomized clinical trial of efficacy would not help clarify this hotly debated topic. Also missing 218 
from current research is an examination of SMBG testing for selected patient groups.11 Racial and ethnic differences in A1c have been 219 
observed.3, 39-41 Compared to non-Hispanic white adults, the risk of diagnosed DM is 66% higher among Hispanics/Latinos and 77% 220 
higher among non-Hispanic blacks.3 Persons from different racial or ethnic backgrounds might also respond differently to SMBG 221 
testing, as there may be differences in how individuals interact with providers, or the ease with which they are able to use and make 222 
use of a wireless glucometer.  223 
  224 
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While SMBG may or not be worthwhile, effective SMBG, if it exists for NIT DM, appears to require that it be embedded within the 225 
context of patient education around the use and interpretation of glucose readings, provider awareness of the results of repeated testing, 226 
and collaborative use of this information at medical visits.30 We would also argue for providing treatment algorithms to providers that 227 
are based on standard and accepted guidelines (such as the ADA guidelines) linked to SMBG report results.42 This step facilitates the 228 
physician’s use of glucometer result reports and can be used by health care providers during clinic visits to better illustrate their 229 
concerns when talking to patients. Finally, we feel it is important to evaluate objectively and in a real world setting the possible 230 
additional benefits of personalized feedback for patients in the form of messages delivered via the glucometer based on patients’ 231 
current and recent SMBG patterns. By pointing out troubling patterns and rewarding results that are at goal, this aspect of the 232 
approach we are calling ‘enhanced feedback’ is akin to ‘mini consultations’ with a provider between routine clinic visits, which are 233 
generally 3-6 months apart. Patients are curious about these enhanced approaches as evidenced by 80% of our survey respondents 234 
reporting that they would perform SMBG as directed by their health care provider if they received instantaneous feedback on their 235 
glucose readings.   236 
1.5 Risk/Benefits Associated with SMBG 237 
Because there are currently no definitive clinical guidelines that describe how frequently a person with NIT DM should be monitoring 238 
their SMBG values, the randomized treatment provided in this proposed study represents variations in usual care. As an FDA 239 
approved glucose monitoring system will be utilized in conjunction with standard diabetes management by local providers, this study 240 
poses no greater than minimal risk. 241 
 242 
Establishing the utility or lack thereof for SMBG monitoring in patients with NIT DM receiving care within a variety of primary care, 243 
clinical settings is a practical, contemporary issue, with far-reaching implications of value to numerous stakeholders including primary 244 
care providers, patients, academicians, insurance payers, and government regulatory agencies. A positive result will establish a 245 
standard of care. A negative result will reduce unnecessary burdens (time, effort and financial) for patients, providers and health care 246 
systems. 247 
 248 
2. Study Objectives and Endpoints 249 
The goal of this one-year randomized controlled trial is to evaluate SMBG testing for participants with NIT DM within a real world 250 
setting using patient-centered outcomes and incorporating new glucose meter technologies.  251 
 252 
Objective 1: Assess SMBG effectiveness on two primary, patient-centered outcomes, glycemic control (A1c) and health related 253 
quality of life (HRQOL), over one year in 450 participants with NIT DM between the following three groups: 1) no SMBG testing, 2) 254 
once-daily SMBG testing with standard patient feedback consisting of glucose values immediately reported to the patient through the 255 
glucometer, and 3) once-daily SMBG testing with enhanced patient feedback consisting of glucose values immediately reported to the 256 
patient PLUS automated tailored messaging also delivered via the glucometer. 257 

Sub-objective 1a. Assess differences in SMBG effectiveness across the following subgroups: 1) prior experience using 258 
SMBG; 2) duration of T2DM; 3) baseline glycemic control; 4) baseline anti-hyperglycemic treatment; 5) age; 6) 259 
race/ethnicity; 7) health literacy; and 8) number of baseline comorbidities. 260 
 261 

Objective 2: Evaluate the impact of SMBG on secondary patient-centered, outcomes including: a) DM-related QOL, b) DM self-care, 262 
c) DM treatment satisfaction, d) DM self-efficacy, e) patient-provider communication, f) hypoglycemia frequency, g) health care 263 
utilization. 264 
 265 
Objective 3: Conduct qualitative assessments of the patient participant and provider experience for all three intervention groups. This 266 
objective will support efficient translation of study findings to real world clinic settings by exploring such issues as patient/provider 267 
communications, the use of the glucose meter and accompanying reports, the utility of the treatment algorithm given to providers, and 268 
practice burden. 269 
2.1 Primary endpoints 270 
The two primary outcomes of the study are change in A1c and change in HRQOL. The A1c was chosen due to its use in prior studies 271 
and its standing as a measure on which: 1) providers evaluate patients; 2) payers evaluate providers; and 3) patients evaluate 272 
themselves and their providers. Though HRQOL is also critically important to patients, few studies have rigorously examined the 273 
impact of SMBG on HRQOL. Based on these facts and the recommendations of our stakeholder groups, HRQOL is a co-primary 274 
outcome for this pragmatic trial. 275 
 276 
A1c. A1c will be measured at baseline and 52 weeks. A1c has long been accepted as the best indicator of recent (past 2-3 months) 277 
glucose control. It is the standard laboratory value upon which glycemic control is judged and treatment alterations are based.7 278 
Baseline and 52-week A1c scores will be recorded by the study field coordinators. Because the 52-week time point may not align with 279 
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a scheduled primary care visit, we have defined this time point as 52 + 6 weeks from the baseline visit. All other A1c values measured 280 
and recorded in the EHR during the study period will be captured passively and recorded in the dataset. 281 
 282 
General Quality of Life: An important outcome for all patients with DM is their perception of how diabetes affects their physical, 283 
psychological and social functioning.  We will utilize the Short Form 36 (SF-36) to assess overall quality of life (QOL).  It has been 284 
widely used and validated in medical studies generally and diabetes studies in particular.43-46 The SF-36 encompasses physical 285 
functioning, role limitations due to physical health problems, bodily pain, general health perceptions, vitality, social functioning, role 286 
limitations due to emotional problems, and mental health. Subscale scores range from 0 to 100, with high scores representing better 287 
HRQOL. We will use the physical component score (PCS) and the mental component score (MCS), with scores standardized to a 288 
normal distribution (mean = 50 and standard deviation[SD] = 10).47 289 
2.2 Secondary endpoints 290 
The following secondary endpoints will be collected from patient participants at baseline and 52-weeks.  291 
 292 
Problem Areas in Diabetes (PAID). Developed at the Joslin Diabetes Center, this scale is the most widely utilized tool to assess 293 
psychological and social stress associated with diabetes. This self-report measure contains 20-items with scores ranging from 0 (no 294 
distress) to 100 (high distress). It has been shown to have high internal reliability (Cronbach's alpha =0.90), sensitivity to change 295 
(r=0.83), and clinical utility.48-50 296 
 297 
Diabetes Symptom Checklist (DSC). The DSC is a 34-item self-report measure of diabetes-related symptom frequency and perceived 298 
severity during the prior month covering six symptom categories: hyperglycemic, hypoglycemic, cardiac, neuropathic, psychological, 299 
and vision-related.51 Patients respond on a 5-point scale (1=symptom has not occurred or was not troublesome, to 5=symptom was 300 
extremely troublesome). The DSC is valid, reliable, and responsive to change. Higher scores are associated with poorer glycemic 301 
control and depression.52-53  302 
 303 
Diabetes Self-Care. To assess compliance with diabetes self-care, we will use the Summary of Diabetes Self Care Activities (SDCA) 304 
survey. This is a widely used, multidimensional measure of diabetes self-management activities with high internal and test-retest 305 
reliability.63 The SDCA assesses diet, exercise, blood glucose testing, foot-care, and smoking status. Supplementary questions are 306 
available, and we will include a question on medication adherence.  307 
 308 
Diabetes Treatment Satisfaction. Treatment satisfaction is an inherently patient centered outcome. We will utilize the Diabetes 309 
Treatment Satisfaction Questionnaire (DTSQs) standard version to assess this variable. This 8-item survey has been widely used to 310 
assess patient satisfaction with their current treatment.55 311 
 312 
Diabetes-Specific Self-Efficacy. Diabetes-specific self-efficacy focuses on beliefs about one’s ability to adhere to diet, exercise, SMBG, 313 
and medication regimens and is only moderately related to general self-efficacy.56 Higher diabetes-related self-efficacy is related to 314 
enhanced adherence to self-care activities.57, 58 Study participants will complete the 8-item Diabetes Empowerment Scale Short Form 315 
(DES-SF). The DES-SF is highly reliable (Cronbach α = 0.85) and is responsive to change over time.59  316 
 317 
Patient-Provider Communication. A patient’s perceived connection with their health care provider significantly influences their sense 318 
of satisfaction and degree of concern about their health.60 Good patient–provider communication also predicts better diabetes self-care, 319 
improved adherence to treatment, and less diabetes-related morbidity.61-63 In general, patients prefer interactions that involve shared 320 
decision making. By providing shared and timely SMBG values, the new technology implemented in this study has the potential to 321 
strengthen the patient-provider relationship. We will use the Communication Assessment Tool (CAT) to measure patient-provider 322 
communication. The CAT is a 15-item survey that asks patients to rate different dimensions of the communication and interpersonal 323 
skills of their health care provider using a 5-point scale (1=poor, 2=fair, 3=good, 4=very good, 5=excellent).64 Overall scale reliability 324 
is high (Cronbach's alpha = 0.96). 325 
 326 
Hypoglycemia Frequency. Downloaded SMBG values will be graded according to severity as Grade 1 (SMBG <70 mg/dl with or 327 
without mild or moderate symptoms), Grade 2 (SMBG<50 mg/dl with or without mild or moderate symptoms), Grade 3 (independent 328 
of SMBG, altered consciousness or inability to engage in self-care behaviors, which reverses promptly after administration of oral 329 
carbohydrate, presumed to be related to hypoglycemia but not requiring medical assistance), Grade 4 (similar to Grade 3, but reverses 330 
promptly after treatment (glucagon injection, intravenous glucose, emergency medical services provided at health care facility or in 331 
the field)), and Grade 5 (death or irreversible coma with circumstances suspicious for hypoglycemia). For study purposes, a 332 
hypoglycemic episode will be defined as Grade 3, 4, or 5 using self-report with additional queries as to whether the hypoglycemia 333 
might have been reversed without assistance. Events will be adjudicated by Drs. Buse, Donahue and Young without knowledge of 334 
treatment assignment. Narrative reports will be submitted to the IRB as serious adverse events potentially related to study procedures.  335 
 336 
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Health Care Utilization. Utilization outcomes will include inpatient, outpatient and emergency department utilization during the 52-337 
week study period. UNC visits will be collected through the EHR while non UNC visits will be captured at the 52 week study visit via 338 
patient interview with the study coordinator.  339 
 340 
Qualitative Assessment (Objective 3) 341 
To gain a deeper understanding of patients’ and health care providers’ experiences with each of the SMBG testing approaches, 342 
including facilitators and barriers to dissemination, we will perform qualitative focus groups at the UNCPN practices.  343 
 344 
Qualitative Assessment of Patient Outcomes. Five focus groups (one from each participating UNCPN practice) will be conducted by 345 
researchers skilled in qualitative data collection. Groups will include 10 patients who have completed the study. They will occur at the 346 
practices once at least 80% of that practice’s enrolled study participants have completed their 52-week study visit. All participants will 347 
review and sign an additional IRB-approved informed consent document specific to the focus groups. Key topics will include: 348 
impressions of and experience with SMBG prior to and during the trial, including using a wireless glucometer and messaging system, 349 
and impressions of using the downloaded SMBG reports at clinic visits and how interactions with providers did/did not change per the 350 
intervention arm to which they were randomized. 351 
 352 
Qualitative Assessment of Health Care Provider Outcomes. Five focus groups (one per practice) with 5-10 physicians and nursing 353 
staff will be conducted by researchers skilled in qualitative data collection. Focus groups will be conducted once at least 80% of that 354 
practice’s enrolled study participants will have completed their 52-week follow-up visit. Key topics will include: impressions 355 
regarding the usefulness of SMBG summary reports and accompanying treatment algorithm; experience with recommending SMBG 356 
for patients with NIT DM prior to and during the trial (and for both enrolled and non-enrolled patients); and perceived 357 
benefits/problems arising from being a practice site for this study. All participants will review and sign IRB-approved informed 358 
consent documents prior to participation. We will also collect age, gender, race/ethnicity, full-time/part-time employment status, years 359 
in practice, and area of board certification for all participants.  360 
2.3 Potential moderating variables 361 
Based on their possible relationship to glycemic control and/or HRQOL, we will measure the following eight variables to be tested as 362 
possible modifiers of our primary outcomes. These include: 363 
 364 
Prior experience using SMBG. Baseline use of blood glucose monitoring, including its frequency and the number of years of testing 365 
will be queried.  366 
 367 
Duration of T2DM. Prior studies suggest that SMBG in NIT DM may be most beneficial for newly diagnosed patients and less 368 
beneficial for people with a longer duration of disease.8 369 
 370 
Baseline A1c. Some researchers have suggested that SMBG testing is most valuable for patients with higher baseline A1c results.65  371 
Anti-hyperglycemic treatment. Patients treated with insulin secretagogues (sulfonylureas and glinides) are at higher risk for 372 
hypoglycemia and may therefore be more likely to benefit from SMBG.  373 
 374 
Age. A large meta-analytic study observed differences in the change in A1c level by age, with less change for older and younger 375 
patients.12 Age may also relate to comfort in using new technologies. 376 
  377 
Race/ethnicity. A1c values are known to differ across racial and ethnic groups.66  378 
 379 
Health literacy. Low health literacy is associated with poorer diabetes knowledge,67 which could affect one’s ability to benefit from 380 
SMBG testing. Following consultation with the Health Literacy Core within the UNC Center for Diabetes Translational Research, we 381 
will use the Newest Vital Sign (NVS) screening tool to assess literacy and numeracy. This instrument has good internal consistency 382 
and reliability (Cronbach’s α > 0.76).68 383 
 384 
Number of comorbidities. Having additional illnesses might affect self-care behaviors. We will use a standard comorbidities list to 385 
obtain a count of comorbidities at baseline.  386 
 387 
3. Study Design 388 
Within the context of a controlled and randomized but pragmatic trial, we seek to answer the following question: Is SMBG testing 389 
sensible for people with NIT DM in terms of either A1c or QOL? We will also examine whether or not patients with different baseline 390 
characteristics might see different outcomes from SMBG testing. To achieve our goal of testing SMBG options in a ‘real world’ 391 
setting, the study has been designed to minimize as much as possible any interruptions in or alterations to standard daily patient care. 392 
  393 
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We will recruit 450 patients from five practices within the University of North Carolina Physicians Network (UNCPN). Patients will 394 
be randomized (see attachments) to one of the three study arms: 395 
 396 

Group 1) no SMBG testing;  397 
Group 2) once daily SMBG testing with standard patient feedback; and  398 
Group 3) once daily SMBG testing with enhanced patient feedback.  399 

 400 
Patients will be followed for one year. The first two study groups represent SMBG testing approaches commonly utilized in clinical 401 
practice, while the third incorporates cutting edge glucose monitoring tools now on the market. For all three groups, patients will 402 
receive information about maintaining normoglycemia. During routine clinic visits, their health care providers will be guided to 403 
modify therapies based on ADA guidelines, which focus on A1c values and SMBG values if available. Patients in groups 2 and 3 will 404 
also receive training in obtaining and interpreting SMBG values. These values will also be systematically evaluated at routine clinic 405 
visits. Finally, patients in group 3 will receive, through their glucose meters, wireless personalized immediate automated feedback 406 
about their testing values (see Figure 1).  407 
     408 

 409 

4. Subject Identification and Withdrawal 410 
A multi-pronged approach will be utilized to identify study participants. First, patients who have NIT DM will be identified using the 411 
Carolina Data Warehouse (CDW) or by chart review in the participating practice. Patients will receive an invitation letter by mail, 412 
signed by their health care provider describing the study. Any patient not interested in participating will be able to opt out of further 413 
contact by returning a post card or calling a toll-free number. If no opt out call is made within one week of sending the letter, 414 
telephone contact will be attempted on up to three different occasions at three different times of day. The project Research Assistant 415 
will call each potentially eligible subject to confirm eligibility criteria. Second, we will place recruitment flyers within the 416 
participating practices that will be visible in waiting areas and exam rooms. Clinic staff will be encouraged to discuss the study with 417 
potentially eligible patients during routine clinic activities (i.e. while collecting vital signs and during check-in or check-out). The 418 
UNC field coordinators will communicate regularly with practice staff regularly regarding potentially eligible subjects.  419 
4.1 Inclusion criteria 420 
Eligible patients will meet the following criteria: 421 
1. T2DM diagnosed after age 30 (to reduce the likelihood of misclassification of T1DM) without clinical characteristics 422 

suggestive of type 1 diabetes (lack of obesity, unexplained weight loss) 423 
2. An established patient at the participating UNCPN practice who identifies a UNCPN health care provider within that practice as 424 

their primary provider of diabetes care. 425 
3. A1c >6.5% but <9.5% within the 6 months preceding the screening call/visit, as obtained from the electronic medical record. 426 

This range was chosen because patients with A1c above 9.5% should arguably be treated with insulin and check SMBG more 427 
frequently than once per day while patients with A1c below 6.5% are unlikely to get additional benefit from SMBG testing on 428 
one of the two primary outcomes (A1c) given their already excellent glycemic control. 429 

4. Willing to comply with the results of random assignment into a study group. 430 

Figure 1 
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4.2 Exclusion criteria 431 
1. Currently sees or plans to see an endocrinologist or other diabetes specialist in the next year. 432 
1. Use of insulin. 433 
2. Is or plans to become pregnant in the next 12 months. 434 
3. Plans to relocate in the next 12 months. 435 
4. Has other conditions (e.g. renal or cardiovascular disease), factors (e.g. frailty) or comorbidities (e.g. cancer) that might put the 436 

patient at risk when following study protocols. 437 
5. No history of significant issues with known or suspected hypoglycemia or any history of “severe” hypoglycemia (requiring 438 

assistance from a third party). 439 
4.3 Subject recruitment and screening 440 
All potentially eligible patients will be screened for eligibility by phone call. The call will take about 15 minutes, during which a 441 
member of the study team will describe the study, answer questions, and conduct a short set of simple screening questions to 442 
determine eligibility. Eligible patients who remain interested in participation will complete an assessment visit with a research 443 
coordinator. To decrease patient burden and further engage participating practices, assessment visits will occur at the patient’s primary 444 
care office. Assessments will be separate from their appointment with their primary care provider, and may or may not occur on the 445 
same day as a regularly scheduled clinic visit, though for patient convenience we will make every effort to coordinate the assessments 446 
with a regular clinic visits. During these assessments, the research coordinator will review the study details in greater depth, verify all 447 
inclusion and exclusion criteria, and obtain written informed consent. 448 
4.4 Withdrawal of subjects 449 
Once randomized, patients will not be discontinued from the study for any reason except patient request or withdrawal of consent. 450 
 451 
5. Study Device: Telcare Glucometer 452 
The Telcare glucometer is an FDA approved, cellularly-enabled device. The patient participants in the two testing arms will receive a 453 
Telcare glucometer to use during the 52-week study period. At the end of their participation, the participant will be allowed to keep 454 
the glucometer. The field coordinator enrolling the participant will register the meter with Telcare at www.telcare.com.  455 
 456 
6. Study Procedures 457 
6.1 Method for assigning subjects to treatment groups 458 
After providing informed consent, baseline A1c, and completing the baseline study interview, participants will be randomized to one 459 
of the three treatment arms using sequentially numbered, opaque, sealed envelopes. The allocation sequence will be generated by an 460 
independent statistician who is not otherwise involved in the study using computer-generated randomly permuted blocks of random 461 
sizes. The randomization will be stratified by study practice. The research coordinator will then review the treatment assignment with 462 
the patient, using a standardized script, provide the initial training and supplies necessary for participation in that study and answer 463 
any remaining questions.   464 
6.2  Baseline  465 
Once written informed consent has been received, patient participants will:  466 

• complete an interview that includes demographic, health history, and quality of life questions.  467 
• have blood drawn for a hemoglobin A1c test. The blood sample will be sent to Quest Diagnostics and be processed using the 468 

National Glycohemoglobin Standardization Program (NGSP) certified High Performance Liquid Chromotography (HPLC) 469 
assay. 470 

Upon completion of the interview and blood draw for hemoglobin A1c test, the field coordinator will randomize the patient to a 471 
treatment arm. 472 
6.3 52-week follow-up 473 
At the 52-week follow-up, patient participants will be asked to complete an interview that includes health history, health history, and 474 
quality of life questions. The patient’s blood will be drawn for a hemoglobin A1c test. The blood sample will be sent to Quest 475 
Diagnostics and will be processed in accordance with the procedures described under 6.2, Baseline. 476 
 477 



11 
 

7. Statistical Plan 478 
7.1 Sample size determination 479 
We desire high power for our primary between-arm comparison as well as reasonable power to detect an important effect modifier, 480 
should one exist. We will use an ANCOVA, controlling for baseline A1c and other baseline variables (See Sections 2.1-2.3) to 481 
compare mean change from baseline to 52-week A1c across the three intervention groups at the 0.05 significance level. In a recent 482 
Cochrane Review, the estimated mean 12-month differences between SMBG and control groups were -0.13% and -0.52%, 483 
respectively, for patients diagnosed more than and less than one year prior to the study.8 Assuming approximately equal enrollment of 484 
newly diagnosed and long term patients, this implies a mean difference of -0.325%. Based on results from one of the larger and better 485 
quality trials conducted to date, we assume the standard deviation for ΔA1c would be 0.8%.20 We assume no more than 10% loss to 486 
follow-up. Given these assumptions, randomizing 150 patients per group would provide at least 90% power for the primary 487 
comparison for ΔA1c. This same sample size would provide at least 80% power for the primary comparison if the true standard 488 
deviation were as high as 1.0%. Under these same assumptions, this sample size would provide at least 70% power to detect an 489 
average interaction effect across the two SMBG groups compared to the no-SMBG group if the group means were similar to those for 490 
disease duration described above. 491 
 492 
For comparing mean change in HRQOL between groups, we will use the physical and mental component scores of the SF-36, both of 493 
which range from 0 to 100. Because we are interested in two different aspects of QOL, we will apply a Bonferroni correction and 494 
assess each comparison at the 0.025 level.  Based on observed results from the ZODIAC-17 SMBG study, we conservatively assume 495 
that the standard deviation for the change scores for either component will be 10 points.21 Under these assumptions, randomizing 150 496 
patients per group with no more than 10% loss will provide at least 80% power to detect an overall difference between groups if the 497 
mean difference between the highest and lowest groups is at least 4 points. Power calculations were conducted using Procs 498 
GLMPOWER and POWER in SAS, V 9.2 (SAS Institute, Cary, NC). 499 
7.2 Statistical methods 500 
OBJECTIVE 1:  Quantitative Analysis of Patient Outcomes 501 
A detailed analysis plan will be developed by January 31, 2014 in accordance with the study contract. The following is a brief 502 
summary of the proposed plan.  All comparisons will be made on an intention-to-treat basis, with patients analyzed according to their 503 
randomized group and regardless of the amount of intervention received. As the primary comparison of ΔA1c at 52 weeks across the 3 504 
treatment groups (Objective 1), we will conduct an analysis of covariance (ANCOVA), controlling for prior use of SMBG, duration of 505 
T2DM, baseline A1c (A1c <8% vs. A1c>8%), baseline anti-hyperglycemic treatment (use of secretagogues vs. no use), age, 506 
race/ethnicity, health literacy, and baseline comorbidities at the 0.05 level. If the overall null hypothesis of no difference between 507 
groups is rejected, we will compare each SMBG group to the no-SMBG group separately using the Dunnett-Tamhane Step-Up 508 
procedure for multiple comparisons to control the family-wise error rate at 0.05; we will also conduct a contrast test comparing the 509 
average of the two SMBG groups to the no-SMBG group.69 Similar ANCOVA models will compare change in SF-36 physical and 510 
mental component scores between groups, controlling for the same baseline variables as for A1c. Because we are examining two 511 
aspects of HRQOL (physical and mental), we will apply a Bonferroni correction and assess each comparison at the 0.025 level. We 512 
will not adjust for multiple comparisons due to the co-primary endpoints of glycemic control and QOL.  513 
 514 
Missing 52-week outcome data will be ignored for the primary model. As a sensitivity analysis that accommodates missing data and 515 
mistimed measurements, we will repeat the above analyses using linear mixed models that incorporate all observed A1c values, 516 
including those collected passively during interim months. This model will include fixed effects for time-since-randomization and 517 
time-by-treatment group interactions, and will include random intercepts and slopes for each patient.  518 
 519 
We will assess the presence of effect modification for the baseline variables corresponding to the pre-specified subgroups of interest 520 
by adding appropriate interaction terms to the ANCOVA model one at a time. Each interaction term will be tested separately at the 521 
0.05 significance level. Only if the associated interaction term is significant, similar contrasts to those described above will be 522 
assessed within the relevant subgroups.  523 
 524 
 525 
OBJECTIVE 2: Secondary outcomes 526 
Similar ANCOVA methods will be used to compare groups on each of the secondary outcomes (Objective 2). These tests will each be 527 
conducted at the 0.05 significance level with no adjustments for multiple comparisons. 528 
 529 
OBJECTIVE 3: Qualitative Assessment of Patient Outcomes  530 
Five patient focus groups (one from each participating UNCPN practice) will be conducted by researchers skilled in qualitative data 531 
collection. Groups will include 8-10 patients who have completed the study. They will occur at the practices once at least 80% of that 532 
practice’s enrolled study participants have completed their 52-week study visit. All participants will review and sign an additional 533 
IRB-approved informed consent document specific to the focus groups. Key topics will include: impressions of and experience with 534 
SMBG prior to and during the trial, including using a wireless glucometer and messaging system, and impressions of using the 535 
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downloaded SMBG reports at clinic visits and how interactions with providers did/did not change per the intervention arm to which 536 
they were randomized. We will have previously collected all pertinent demographic information on patient focus group participants.  537 
 538 
 539 
8. Data and Safety Monitoring Plan 540 
Because there are currently no definitive clinical guidelines that describe how frequently a person with NIT DM should be monitoring 541 
their SMBG values, the randomized treatment provided in in this proposed study represents variations in usual care. As an FDA 542 
approved glucose monitoring system will be utilized in conjunction with standard diabetes management by local providers, this study 543 
poses no greater than minimal risk, and therefore a data safety and monitoring board is not required. Nevertheless, a data and safety 544 
monitoring plan is detailed below. 545 
  546 
This study has been approved by the UNC Institutional Review Board. The project leadership team will meet weekly throughout study 547 
to review study milestone progress and adverse event reports.   548 
 549 
Reporting Mechanisms:  550 
Any reported adverse events will be categorized as related or not related to the study intervention by the investigators. These events 551 
will be reported in real time to the principal investigators for confirmation and review of grading. Regardless of causality, all 552 
unanticipated Serious Adverse Events or grade 3 or 4 glycemic events as defined in Section 2.2, will be reported to the IRB for review. 553 
Any adverse events that occur will be discussed at team meetings with the project leadership team to make a decision regarding 554 
overall safety of the study, whether subject participation should be stopped, and plans for communicating safety concerns to the local 555 
providers. 556 
 557 
Frequency of Monitoring Regarding Time or Number of Subjects: 558 
Safety data will be reviewed by the project leadership team on an ongoing basis and will be summarized in quarterly reports by the 559 
Project Manager. In addition, the project leadership team will review subject accrual, adherence to study protocol and dropouts, and 560 
monitor data monthly. 561 
 562 
 563 
 564 
 565 
Specific Data to be Monitored: 566 
Adverse events and unexpected adverse events for all subjects, subject accrual, dropouts, and adherence to the study protocol will be 567 
monitored.  Particular attention will be paid to psychological endpoints, infection at SMBG sites, hypoglycemia, and traumatic events.   568 
 569 
Procedures for analysis and interpretation of the data: 570 
Our study statistician will be blinded to subject randomization when analyzing the safety data. 571 
 572 
Actions at Defined Events or End Points: 573 
If 2 or more subjects experience Serious Adverse Events or Grade 3/ 4 adverse events related to the study intervention, enrollment will 574 
be held while the protocol undergoes review by the project leadership team and a decision can be made regarding the overall safety of 575 
the study.  Clinicians will be counseled that presumed severe hypoglycemia (requiring assistance) would be an indication for SMBG 576 
monitoring and modification of the treatment plan unfettered by the protocol.  577 
 578 
Procedures for Communication from the Data Monitor to the IRB and Other Sites: 579 
All adverse events, whether serious or non-serious, will be reported from the time a signed and dated informed consent form is 580 
obtained until completion of the last study-related procedure. Any unanticipated or serious adverse events will be reported to the IRB 581 
within 7 days after occurrence by the site.  Reports detailing unanticipated and serious adverse events will be reviewed weekly by the 582 
Clinical Site Coordination Team chaired by Dr. Donahue and appropriate reports sent to the IRB. All serious adverse events that have 583 
not resolved by the end of the study, or that have not resolved upon discontinuation of the subject’s participation in the study, must be 584 
followed until:  1) the event resolves; 2) the event stabilizes; 3) the event returns to baseline, if a baseline value is available; 4) the 585 
event can be attributed to agents other than SMBG or to factors unrelated to study conduct; or 5) when it becomes unlikely that any 586 
additional information can be obtained. 587 
Unanticipated Problems that are serious adverse events will be reported to the IRB within one (1) week of the investigator becoming 588 
aware of the event. Any other Unanticipated Problem will be reported to the IRB within two (2) weeks of the investigator becoming 589 
aware of the problem. Patients can contact the PIs and/or study coordinator should safety issues related to the study develop.   590 
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9. Data Handling and Record Keeping 591 
9.1 Confidentiality 592 
Information about study subjects will be kept confidential and managed according to the requirements of the Health Insurance 593 
Portability and Accountability Act of 1996 (HIPAA). Those regulations require a signed subject authorization informing the subject of 594 
the following:  595 

• What protected health information (PHI) will be collected from subjects in this study 596 
• Who will have access to that information and why 597 
• Who will use or disclose that information 598 
• The rights of a research subject to revoke their authorization for use of their PHI.  599 

 600 
Data collectors will be trained in the importance of protecting the confidentiality. Primary data, which contains identifiers, will be 601 
audio recordings and will be kept in locked storage cabinets and separate from consent forms.  In addition, participant recruitment and 602 
scheduling logs will contain study ID numbers and participant names. Paper logs will be destroyed at the end of the study. Identifiers 603 
in the electronic logs will be removed at the end of the study.  All audiotapes will be erased or destroyed at the end of the study.   Data 604 
for analysis and reporting purposes will be stripped of all unique identifiers.  Reports will not provide practice-specific or individual-605 
specific identifiers. 606 
9.2 Source Documents 607 
Human research material and data collection:  Several types of data will be collected during the course of this study.  Recruitment and 608 
scheduling logs will be maintained by the study RA. Potential participant identifying information will be entered into the study data 609 
system log by the RA from the screening lists provided by the practices, the Carolina Data Warehouse, or retrieved from the electronic 610 
health record system in a practice. Field coordinators will update written recruitment logs with recruitment and data collection 611 
completion status and return to the study office. All logs will be stored in a locked filing cabinet until the end of the study. Research 612 
staff who collect data in person or by chart review will know the identity of the patient for whom the data is being collected; however, 613 
the patient’s name or medical record number will not be used on the data recording forms. Each category of data is outlined below.  614 
 615 
Patient-Reported Demographic and Clinical Data: These data will include questionnaire assessments, patient reported outcomes, and 616 
diabetes disease related information.  617 
 618 
Electronic Health Record (EHR) Data: EHR data will be obtained passively or by chart review by study staff from the electronic 619 
medical record for the following measures: capillary blood glucose values, capillary blood sample for A1c determination, new 620 
prescriptions for blood glucose testing strips, pharmacologic regimen changes, anti-hyperglycemic medication, and patient utilization 621 
of health care resources (clinic visits, ER visits, and hospitalizations). 622 
 623 
Patient and Health Care Provider/Staff Impressions: For the qualitative assessments, research data sources include focus group 624 
interviews and paper surveys. 625 
 626 
10. Dissemination Plan 627 
The overall goal of involving various stakeholder groups (See Section 11) is to have key people with a variety of perspectives 628 
involved in planning, oversight, analysis and dissemination of this project. Groups interested in this research are varied and include 629 
patients, caregivers, providers, advocacy groups, glucometer manufacturers, educators and policy makers.  630 

 631 
Dissemination channels: At the state level, the NC Diabetes Advisory Council has several vehicles for dissemination, including 632 
newsletters, a website (http://www.ncdiabetes.org/), Twitter, and grass roots advocacy/lobbying groups. At the local level, the UNC 633 
Physicians network has biannual staff meetings and newsletters. UNC family medicine has newsletters and a radio show, blog and app 634 
on health that reaches 30,000 listeners and viewers weekly (http://yourhealthradio.org).  At the national level, the American Diabetes 635 
Association and National Diabetes Education Program provide a vehicle for dissemination through conferences, web-sites, social 636 
media, newsletters, guidelines and  a communications staff that engages, providers (physicians [primary care and multiple sub-637 
specialties], nurses, dietitians, health educators, community health workers), industry, and state Diabetes Prevention and Control 638 
Programs. 639 
 640 
Importance of literacy in dissemination: Our team includes the health literacy core, in the UNC Center for Diabetes Translation and 641 
Research. This core will work with us to ensure our messages, interviews, questionnaires and dissemination materials are appropriate 642 
to our audience. 643 

 644 



14 
 

11. Stakeholders 645 
 646 
We have a diverse group of stakeholders and as noted above include industry representatives, patients, diabetes educators, providers, 647 
and advocacy groups.   648 
 649 
 650 
 651 
 652 
 653 
 654 
 655 
 656 
 657 
 658 
 659 
 660 
 661 
 662 
 663 
 664 
 665 
 666 
 667 
 668 
 669 
 670 
 671 
 672 
 673 
 674 
 675 
 676 
 677 
 678 
Our stakeholders will meet 8 times in Years 1 and 3 of the project and 4 times in Year 2.  679 
 680 
 681 
 682 
 683 
  684 

Key Stakeholders 
                     

 
 
 
   
   

April Reese, Joanne Rinker 

Val Atkinson 

Nellie Lewis 

Robert Gianforcaro, DO 
Jan Hutchins

Rev. Dr. Melvin Dubose 

Key Stakeholder 
Groups 

                   

NC Diabetes Advisory Council 

UNC Family Medicine Patient 
Advisory Board 

UNC Diabetes Care Center Patient 
Registry 

UNC Physicians Network 

Greensboro Community Advisory 
Board 

John Buse, MD, PhD, Stakeholder Engagement Leader
(National Diabetes Education Program Chair and Co-Investigator)

American Diabetes Association Jim Straight 

National Diabetes Education 
Program 

John Buse, MD, PhD 

Glucometer Manufacturers  Michael Pfeifer (LifeScan) 
David Bjork (Telcare) 



15 
 

12. References 685 
1. Burant C, Young LA, editors. Type 2 Diabetes Medical Management, 7th ed. Alexandria, VA: American Diabetes Association; 686 
2012.  687 
 688 
2. Melmed S, Polonsky K, Larsen P, Kronenberg H. Williams Textbook of Endocrinology. 12th ed. Philadelphia, PA: 689 
Elsevier/Saunders; 2011.  690 
 691 
3. National Diabetes Information Clearinghouse (NDIC). national diabetes statistics [Internet].; 2007; cited December 5, 2012]. 692 
Available from: http://www.diabetes.niddk.nih.gov/dm/pubs/statistics/index.aspx.  693 
 694 
4. International Diabetes Federation diabetes prevention [Internet].: International Diabetes Federation; 2011; cited 12/7/2012]. 695 
Available from: http://www.idf.org/worlddiabetesday/2009-2013/diabetes-prevention.  696 
 697 
5. Centers for Disease Control and Prevention, Division of Diabetes Translation. Diabetes report card 2012. Atlanta, GA: US 698 
Department of Health and Human Services; 2012.  699 
 700 
6. Vijan S. Type 2 diabetes. Ann Intern Med. 2010 Mar 2;152(5):ITC31,15; quiz ITC316.  701 
7. Standards of medical care in diabetes—201. Diabetes Care. 2013 January 01; 36(suppl. 1):s11-66.  702 
8. Malanda UL, Welschen LM, Riphagen II, Dekker JM, Nijpels G, Bot SD. Self-monitoring of blood glucose in patients with type 2 703 
diabetes mellitus who are not using insulin. Cochrane Database Syst Rev. 2012 Jan 18;1:CD005060.  704 
 705 
9. Towfigh A, Ronnanova M, Weinreb JE, Munjas B, Suttorp MJ, Zhou A, et al. Self-monitoring of blood glucose levels in patients 706 
with type 2 diabetes mellitus not taking insulin: A meta-analysis. Am J Manag Care. 2008 JUL 2008;14(7):468-73.  707 
 708 
10. Allemann S, Houriet C, Diem P, Stettler C. Self-monitoring of blood glucose in non-insulin treated patients with type 2 diabetes: 709 
A systematic review and meta-analysis. Curr Med Res Opin. 2009 Dec;25(12):2903-13.  710 
 711 
11. Clar C, Barnard K, Cummins E, Royle P, Waugh N, Aberdeen Health Technology Assessment Group. Self-monitoring of blood 712 
glucose in type 2 diabetes: Systematic review. Health Technol Assess. 2010 Mar;14(12):1-140.  713 
 714 
12. Farmer AJ, Perera R, Ward A, Heneghan C, Oke J, Barnett AH, et al. Meta-analysis of individual patient data in randomised trials 715 
of self monitoring of blood glucose in people with non-insulin treated type 2 diabetes. Br Med J. 2012 FEB 27 2012;344:e486.  716 
 717 
13. Poolsup N, Suksomboon N, Rattanasookchit S. Meta-analysis of the benefits of self-monitoring of blood glucose on glycemic 718 
control in type 2 diabetes patients: An update. Diabetes Technology & Therapeutics. 2009 DEC 2009;11(12):775-84.  719 
 720 
14. Martin S, Schneider B, Heinemann L, Lodwig V, Kurth HJ, Kolb H, et al. Self-monitoring of blood glucose in type 2 diabetes and 721 
long-term outcome: An epidemiological cohort study. Diabetologia. 2006 FEB 2006;49(2):271-8.  722 
 723 
15. Guerci B, Drouin P, Grange V, Bougneres P, Fontaine P, Kerlan V, et al. Self-monitoring of blood glucose significantly improves 724 
metabolic control in patients with type 2 diabetes mellitus: The auto-surveillance intervention active (ASIA) study. Diabetes Metab. 725 
2003 DEC 2003;29(6):587-94.  726 
 727 
16. Schwedes U, Siebolds M, Mertes G, SMBG Study Group. Meal-related structured self-monitoring of blood glucose - effect on 728 
diabetes control in non-insulin-treated type 2 diabetic patients. Diabetes Care. 2002 NOV;25(11):1928-32.  729 
 730 
17. Barnett AH, Krentz AJ, Strojek K, Sieradzki J, Azizi F, Embong M, et al. The efficacy of self-monitoring of blood glucose in the 731 
management of patients with type 2 diabetes treated with a gliclazide modified release-based regimen. A multicentre, randomized, 732 
parallel-group, 6-month evaluation (DINAMIC 1 study). Diabetes Obesity & Metabolism. 2008 DEC 2008;10(12):1239-47.  733 
 734 
18. Duran A, Martin P, Runkle I, Perez N, Abad R, Fernandez M, et al. Benefits of self-monitoring blood glucose in the management 735 
of new-onset type 2 diabetes mellitus: The St. Carlos study, a prospective randomized clinic-based interventional study with parallel 736 
groups. Journal of diabetes. 2010 2010-Sep;2(3):203-11.  737 
 738 
19. Davidson MB, Castellanos M, Kain D, Duran P. The effect of self monitoring of blood glucose concentrations on glycated 739 
hemoglobin levels in diabetic patients not taking insulin: A blinded, randomized trial. Am J Med. 2005 Apr;118(4):422-5.  740 
 741 



16 
 

20. Farmer AJ, Wade AN, French DP, Simon J, Yudkin P, Gray A, et al. Blood glucose self-monitoring in type 2 diabetes: A 742 
randomised controlled trial. Health Technol Assess. 2009 Feb;13(15):iii,iv, ix-xi, 1-50.  743 
 744 
21. Kleefstra N, Hortensius J, Logtenberg SJJ, Slingerland RJ, Groenier KH, Houweling ST, et al. Self-monitoring of blood glucose in 745 
tablet-treated type 2 diabetic patients (ZODIAC). Neth J Med. 2010 JUL-AUG;68(7-8):311-6.  746 
 747 
22. Muchmore D, Spinger J, Miller M. Self-monitoring of blood-glucose in overweight type-2 diabetic-patients. Acta Diabetol. 1994 748 
DEC;31(4):215-9.  749 
 750 
23. Simon J, Gray A, Clarke P, Wade A, Neil A, Farmer A, et al. Cost effectiveness of self monitoring of blood glucose in patients 751 
with non-insulin treated type 2 diabetes: Economic evaluation of data from the DiGEM trial RID A-8180-2011. Br Med J. 2008 MAY 752 
24;336(7654):1177,+.  753 
 754 
24. O'Kane MJ, Bunting B, Copeland M, Coates VE, ESMON Study Group. Efficacy of self monitoring of blood glucose in patients 755 
with newly diagnosed type 2 diabetes (ESMON study): Randomised controlled trial. Br Med J. 2008 MAY 24;336(7654):1174,+.  756 
 757 
 758 
25. Polonsky WH, Fisher L, Schikman CH, Hinnen DA, Parkin CG, Jelsovsky Z, et al. Structured self-monitoring of blood glucose 759 
significantly reduces A1C levels in poorly controlled, noninsulin-treated type 2 diabetes: Results from the structured testing program 760 
study. Diabetes Care. 2011 Feb;34(2):262-7.  761 
 762 
26. Bonomo K, De Salve A, Fiora E, Mularoni E, Massucco P, Poy P, et al. Evaluation of a simple policy for pre- and post-prandial 763 
blood glucose self-monitoring in people with type 2 diabetes not on insulin. Diabetes Res Clin Pract. 2010 2;87(2):246-51.  764 
 765 
27. Franciosi M, Lucisano G, Pellegrini F, Cantarello A, Consoli A, Cucco L, et al. ROSES: Role of self-monitoring of blood glucose 766 
and intensive education in patients with type 2 diabetes not receiving insulin. A pilot randomized clinical trial. Diabet Med. 2011 767 
Jul;28(7):789-96.  768 
 769 
28. Klonoff DC, Blonde L, Cembrowski G, Chacra AR, Charpentier G, Colagiuri S, et al. Consensus report: The current role of self-770 
monitoring of blood glucose in non-insulin-treated type 2 diabetes. J Diabetes Sci Technol. 2011 Nov 1;5(6):1529-48.  771 
 772 
29. Fisher L, Polonsky WH, Parkin CG, Jelsovsky Z, Petersen B, Wagner RS. The impact of structured blood glucose testing on 773 
attitudes toward self-management among poorly controlled, insulin-naive patients with type 2 diabetes. Diabetes Res Clin Pract. 2012 774 
May;96(2):149-55.  775 
 776 
30. Benhalima K, Mathieu C. The role of blood glucose monitoring in non-insulin treated type 2 diabetes: What is the evidence? Prim 777 
Care Diabetes. 2012 Oct;6(3):179-85.  778 
 779 
31. Aakre KM, Watine J, Bunting PS, Sandberg S, Oosterhuis WP. Self-monitoring of blood glucose in patients with diabetes who do 780 
not use insulin--are guidelines evidence-based? Diabet Med. 2012 Oct;29(10):1226-36.  781 
 782 
32. Dunbar MJ. Self-monitoring blood glucose workshop II: Development and dissemination of the DCPNS decision tool for self-783 
monitoring blood glucose in non-insulin-using type 2 diabetes. Chronic Dis Inj Can. 2011 Dec;32(1):59-61.  784 
 785 
33. Olivarius NF, Beck-Nielsen H, Andreasen AH, Horder M, Pedersen PA. Randomised controlled trial of structured personal care of 786 
type 2 diabetes mellitus. BMJ. 2001 Oct 27;323(7319):970-5.  787 
 788 
34. Rothman RL, Malone R, Bryant B, Shintani AK, Crigler B, Dewalt DA, et al. A randomized trial of a primary care-based disease 789 
management program to improve cardiovascular risk factors and glycated hemoglobin levels in patients with diabetes. Am J Med. 790 
2005 Mar;118(3):276-84.  791 
 792 
35. Wang J, Zgibor J, Matthews JT, Charron-Prochownik D, Sereika SM, Siminerio L. Self-monitoring of blood glucose is associated 793 
with problem-solving skills in hyperglycemia and hypoglycemia. Diabetes Educ. 2012 Mar-Apr;38(2):207-18.  794 
 795 
36. Kaufman ND, Woodley PD. Self-management support interventions that are clinically linked and technology enabled: Can they 796 
successfully prevent and treat diabetes? J Diabetes Sci Technol. 2011 May 1;5(3):798-803.  797 
 798 
37. Chomutare T, Fernandez-Luque L, Arsand E, Hartvigsen G. Features of mobile diabetes applications: Review of the literature and 799 
analysis of current applications compared against evidence-based guidelines. J Med Internet Res. 2011 Sep 22;13(3):e65.  800 
 801 



17 
 

38. Boutati EI, Raptis SA. Self-monitoring of blood glucose as part of the integral care of type 2 diabetes. Diabetes Care. 2009 Nov;32 802 
Suppl 2:S205-10.  803 
 804 
39. Herman WH. Do race and ethnicity impact hemoglobin A1c independent of glycemia? J Diabetes Sci Technol. 2009 Jul 805 
1;3(4):656-60.  806 
 807 
40. Ziemer DC, Kolm P, Weintraub WS, Vaccarino V, Rhee MK, Twombly JG, et al. Glucose-independent, black-white differences in 808 
hemoglobin A1c levels: A cross-sectional analysis of 2 studies. Ann Intern Med. 2010 Jun 15;152(12):770-7.  809 
 810 
41. Davidson MB, Schriger DL. Effect of age and race/ethnicity on HbA1c levels in people without known diabetes mellitus: 811 
Implications for the diagnosis of diabetes. Diabetes Res Clin Pract. 2010 Mar;87(3):415-21. 812 
 813 
42. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M, et al. Management of hyperglycemia in type 2 814 
diabetes: A patient-centered approach: Position statement of the American Diabetes Association (ADA) and the European Association 815 
for the Study of Diabetes (EASD). Diabetes Care. 2012 Jun;35(6):1364-79.  816 
 817 
43. Edelman D, Olsen MK, Dudley TK, Harris AC, Oddone EZ. Impact of diabetes screening on quality of life. Diabetes Care. 2002 818 
Jun;25(6):1022-6.  819 
 820 
44. Anderson RT, Narayan KM, Feeney P, Goff D, Jr, Ali MK, Simmons DL, et al. Effect of intensive glycemic lowering on health-821 
related quality of life in type 2 diabetes: ACCORD trial. Diabetes Care. 2011 Apr;34(4):807-12.  822 
 823 
45. Quality of life in type 2 diabetic patients is affected by complications but not by intensive policies to improve blood glucose or 824 
blood pressure control (UKPDS 37). U.K. prospective diabetes study group. Diabetes Care. 1999 Jul;22(7):1125-36.  825 
 826 
46. Ware JE, Jr, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. conceptual framework and item selection. 827 
Med Care. 1992 Jun;30(6):473-83.  828 
 829 
47. Ware J, Kosinski M, Bjorner J, Turner-Bowker D, Gandek B, Maruish M. User’s manual for the SF-36v2 health survey. 2nd ed. 830 
Lincoln, RI: QualityMetric Inc; 2007.  831 
 832 
48. Snoek FJ, Pouwer F, Welch GW, Polonsky WH. Diabetes-related emotional distress in Dutch and U.S. diabetic patients: Cross-833 
cultural validity of the problem areas in diabetes scale. Diabetes Care. 2000 Sep;23(9):1305-9.  834 
 835 
49. Welch G, Weinger K, Anderson B, Polonsky WH. Responsiveness of the problem areas in diabetes (PAID) questionnaire. Diabet 836 
Med. 2003 Jan;20(1):69-72.  837 
 838 
50. Welch GW, Jacobson AM, Polonsky WH. The problem areas in diabetes scale. an evaluation of its clinical utility. Diabetes Care. 839 
1997 May;20(5):760-6.  840 
 841 
51. Herschbach P, Duran G, Waadt S, Zettler A, Amm C, Marten-Mittag B. Psychometric properties of the questionnaire on stress in 842 
patients with diabetes--revised (QSD-R). Health Psychol. 1997 Mar;16(2):171-4.  843 
 844 
52. Van der Does FE, De Neeling JN, Snoek FJ, Kostense PJ, Grootenhuis PA, Bouter LM, et al. Symptoms and well-being in relation 845 
to glycemic control in type II diabetes. Diabetes Care. 1996 Mar;19(3):204-10.  846 
 847 
53. Sacco WP, Bykowski CA, Mayhew LL. Pain and functional impairment as mediators of the link between medical symptoms and 848 
depression in type 2 diabetes. Int J Behav Med. 2011 Dec 24.  849 
 850 
54. Toobert DJ, Hampson SE, Glasgow RE. The summary of diabetes self-care activities measure: Results from 7 studies and a 851 
revised scale. Diabetes Care. 2000 Jul;23(7):943-50.  852 
 853 
55. Schmidt WE, Christiansen JS, Hammer M, Zychma MJ, Buse JB. Patient-reported outcomes are superior in patients with type 2 854 
diabetes treated with liraglutide as compared with exenatide, when added to metformin, sulphonylurea or both: Results from a 855 
randomized, open-label study. Diabetic Med. 2011;28(6):715-23.  856 
 857 
56. Griva K, Myers LB, Newman S. Illness perceptions and self efficacy beliefs in adolescents and young adults with insulin 858 
dependent diabetes mellitus. Psychol Health. 2000 11/01; 2012/12;15(6):733-50.  859 
 860 



18 
 

57. Mishali M, Omer H, Heymann AD. The importance of measuring self-efficacy in patients with diabetes. Fam Pract. 2011 861 
Feb;28(1):82-7.  862 
 863 
58. Schechter CB, Walker EA. Improving adherence to diabetes self-management recommendations. (from research to 864 
Practice/Research beyond diabetes). 2002 Summer; 2012/12;15(3):170+.  865 
 866 
59. Anderson RM, Fitzgerald JT, Gruppen LD, Funnell MM, Oh MS. The diabetes empowerment scale-short form (DES-SF). 867 
Diabetes Care. 2003 May;26(5):1641-2.  868 
 869 
60. Fossum B, Arborelius E. Patient-centered communication: Videotaped consultations. Patient Educ Couns. 2004 Aug;54(2):163-9.  870 
 871 
61. Schillinger D, Piette J, Grumbach K, Wang F, Wilson C, Daher C, et al. Closing the loop: Physician communication with diabetic 872 
patients who have low health literacy. Arch Intern Med. 2003 Jan 13;163(1):83-90.  873 
 874 
62. Ciechanowski PS, Russo JE, Katon WJ, Walker EA. Attachment theory in health care: The influence of relationship style on 875 
medical students' specialty choice. Med Educ. 2004 Mar;38(3):262-70.  876 
 877 
63. Parchman ML, Flannagan D, Ferrer RL, Matamoras M. Communication competence, self-care behaviors and glucose control in 878 
patients with type 2 diabetes. Patient Educ Couns. 2009 Oct;77(1):55-9.  879 
 880 
64. Makoul G, Krupat E, Chang CH. Measuring patient views of physician communication skills: Development and testing of the 881 
communication assessment tool. Patient Educ Couns. 2007 Aug;67(3):333-42.  882 
 883 
65. Virdi NF, Daskiran MF, Nigam SF, Kozma CF, Raja P. Virdi N, Daskiran M, Nigam S, et al.The association of self-monitoring of 884 
blood glucose use with medication adherence and glycemic control in patients with type 2 diabetes initiating non-insulin treatment. 885 
Diabetes Technol Ther. 2012;14(9):790-798. 886 
 887 
66. Herman WH, Dungan KM, Wolffenbuttel BH, Buse JB, Fahrbach JL, Jiang H, et al. Racial and ethnic differences in mean plasma 888 
glucose, hemoglobin A1c, and 1,5-anhydroglucitol in over 2000 patients with type 2 diabetes. J Clin Endocrinol Metab. 2009 889 
May;94(5):1689-94.  890 
 891 
67. Al Sayah F, Majumdar SR, Williams B, Robertson S, Johnson JA. Health literacy and health outcomes in diabetes: A systematic 892 
review. J Gen Intern Med. 2012 Oct 13.  893 
 894 
68. Weiss BD, Mays MZ, Martz W, Castro KM, DeWalt DA, Pignone MP, et al. Quick assessment of literacy in primary care: The 895 
newest vital sign. Ann Fam Med. 2005 Nov-Dec;3(6):514-22.  896 
 897 
69. Dunnett CW, Tamhane AC. Step-up multiple testing of parameters with unequally correlated estimates. Biometrics. 1995 898 
Mar;51(1):217-27.  899 
  900 



19 
 

 901 
  902 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Principal Investigators:  
Katrina Donahue, MD, MPH 
Laura Young, MD, PhD 
 
 
Investigators: 

John Buse, MD, PhD 
Mark Weaver, PhD 
Maihan Vu, PhD 
 
 
Project Manager: 

C. Madeline Mitchell, MURP 
 
 
 
 
 
 
Version date:  01/23/2014 
 
 
 
 

 

 

   
   

THE MONITOR TRIAL  

Effect of Glucose Monitoring  
on Patient and Provider Outcomes 
in Non-Insulin Treated Diabetes 

 

 
 

INITIAL STATISTICAL 
ANALYSIS PLAN  



20 
 

TABLE OF CONTENTS 903 
 904 

1. STUDY OBJECTIVES .................................................................................................................................... 21 905 
2. STUDY DESIGN .............................................................................................................................................. 21 906 
3. ANALYSIS POPULATIONS .......................................................................................................................... 21 907 
4. UNBLINDING PLAN ...................................................................................................................................... 21 908 
5. MISSING DATA .............................................................................................................................................. 22 909 
6. ANALYSIS OF SUBJECT FOLLOW-UP ..................................................................................................... 22 910 
7. ANALYSIS OF BASELINE DATA ................................................................................................................ 22 911 
8. DESCRIPTIVE SUMMARY OF POST-RANDOMIZATION DATA ....................................................... 22 912 
9. ANALYSIS OF PRIMARY OUTCOMES (OBJECTIVE 1) ....................................................................... 22 913 
10. ANALYSIS OF SECONDARY OUTCOMES (OBJECTIVE 2) ............................................................. 23 914 
11. REFERENCES ............................................................................................................................................ 24 915 
 916 917 



21 
 

This statistical analysis plan is an expanded version of the summary analysis plan included in the study protocol and supersedes the 918 
summary plan included in the study protocol. Any significant changes made to this analysis plan after study initiation will be 919 
documented herein.  920 

Study Objectives 921 
This randomized trial will assess the impact of three different self-monitoring of blood glucose (SMBG) testing approaches on patient-922 
centered outcomes in patients with non-insulin treated type 2 diabetes (DM). 923 
 924 
The objectives of this trial are as follows: 925 
 926 
Objective 1: Assess SMBG effectiveness, with or without tailored messaging, on two primary, patient-centered outcomes, glycemic 927 
control (A1c) and health related quality of life (HRQOL), relative to the no testing arm over one year. 928 

Sub-objective 1a. Assess potential differences in SMBG effectiveness across the following subgroups: 1) prior experience 929 
using SMBG; 2) duration of DM; 3) baseline glycemic control; 4) baseline anti-hyperglycemic treatment; 5) age; 6) 930 
race/ethnicity; 7) health literacy; and 8) number of baseline comorbidities. 931 

 932 
Objective 2: Evaluate the impact of SMBG on secondary patient-centered, outcomes including: a) DM-related QOL, b) DM self-care, 933 
c) DM treatment satisfaction, d) DM self-efficacy, e) patient-provider communication, f) hypoglycemia frequency, g) health care 934 
utilization. 935 
 936 
Objective 3: Conduct qualitative assessments of the patient participant and provider experience for all three intervention groups. 937 
 938 
This document describes the analyses planned for Objectives 1 and 2, and other supporting quantitative analyses.  The qualitative 939 
approach to be applied for Objective 3 will be described elsewhere. 940 

Study Design 941 
This study is a multi-site, open-label, randomized controlled trial of 450 non-insulin treated diabetic patients followed over one year.  942 
Patients will be recruited from five practices within the University of North Carolina Physicians Network (UNCPN). Patients will be 943 
randomized to one of the three arms: 944 
 945 

Group 1) no SMBG testing;  946 
 947 
Group 2) once daily SMBG testing with standard patient feedback; and  948 
 949 
Group 3) once daily SMBG testing with enhanced patient feedback. 950 

 951 
Patients will have two study contacts: enrollment at baseline and a 52-week follow-up visit.  Additionally, daily SMBG values will be 952 
downloaded for patients assigned to Groups 2 and 3. 953 

Analysis Populations 954 
Two analysis populations will be defined for this study: 955 

• Intent-to-Treat (ITT) Population: This population will include all subjects who were randomized (i.e., for whom a 956 
randomization envelope was opened), analyzed according to the group to which they were randomized.  Nobody will be 957 
excluded. 958 

• Per Protocol Population: This population will be a subset of the ITT population and will exclude all subjects who initiate 959 
insulin treatment or who become pregnant any time between randomization and their 52-week visit (defined as 52 weeks ± 6 960 
weeks from their baseline visit).  Additionally, this population will exclude subjects who do not adequately adhere to their 961 
assigned treatment arm, for whatever reason.  For Group 1, this will exclude subjects who initiate SMBG testing at any point 962 
during the study.  For Groups 2 and 3, this will exclude subjects who fail to perform SMBG testing on at least 80% of days 963 
between randomization and their 52-week visit or 365 days following randomization, whichever is earlier. 964 

Unblinding Plan 965 
As an open-label study, subjects, providers, and many study staff will know to which group individual subjects have been randomized.  966 
However, efforts will be made to keep the study statistician (Mark Weaver) blinded to randomization group during the course of the 967 
trial.  Any key decisions regarding study outcomes, the appropriateness of test statistics or model assumptions, changes to this analysis 968 
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plan, or any other statistical issues will be made in a masked review of the data (i.e., masked to the true randomization groups).  Study 969 
randomization has been performed by a statistician not otherwise involved with the study and the generated allocation sequence is 970 
stored electronically in a password protected file.  Datasets provided to the statistician by the Sheps data management team prior to 971 
unblinding will not include randomized treatment assignment.  Primary analyses using the ITT population will be initially 972 
programmed using dummy (computer generated) treatment assignments.  Unmasking with respect to the true randomization groups 973 
will only be done for the final interpretation of the results.  Membership in the Per Protocol Population cannot be adjudicated without 974 
knowing actual group assignment. 975 

Missing Data 976 
Missing 52-week (±6 weeks, or 323 days to 407 days post-randomization) outcome data will be ignored for the primary analyses. As a 977 
sensitivity analysis that accommodates missing data and mistimed measurements, we will repeat the analysis of A1c using linear 978 
mixed models that incorporate all observed A1c values, including those collected passively at interim clinical visits.  As a further 979 
sensitivity analysis, we will repeat the A1c analysis using last observation carried forward (LOCF) to impute the 52-week value for 980 
any subjects who:  do not provide a 52-week value, initiate insulin, or become pregnant.  Data missing by design (i.e., due to a skip 981 
pattern in the data collection form) will be filled in logically where appropriate. 982 

Analysis of Subject Follow-Up 983 
We will present an account of the final disposition (completed, withdrew, lost, or died) of each subject in the ITT Population, 984 
including any admission violations and group assignment. The number and proportion of subjects in the ITT population who provided 985 
information for the analyses of the study objectives will be summarized by randomization group, both pooled across sites and 986 
separately by site.  We will provide a CONSORT diagram showing the flow of subjects through the trial, indicating withdrawals by 987 
treatment arm with reasons, when provided. 988 

Analysis of Baseline Data 989 
We will summarize baseline data (i.e., pre-randomization data) for the ITT Population, by site and overall. Measures of central 990 
tendency and dispersion for continuous and certain discrete variables will include means, standard deviations, medians, minima, and 991 
maxima. Categorical data will be summarized with frequencies and percentages. Some continuous variables may also be grouped into 992 
categorical levels and evaluated in frequency tables. No inferential statistics (i.e., p-values and/or confidence intervals) for comparing 993 
data between groups will be presented.  994 
 995 
Additionally, for a manuscript using only baseline data, we may do some exploratory modelling of baseline data. 996 

Descriptive Summary of Post-Randomization Data 997 
Descriptive statistics will be provided for all post-randomization study variables, by randomized group, including, for Groups 2 and 3, 998 
frequency of SMBG testing (weekly average) and descriptive statistics (mean, SD and range of SMBG values) by time of day and 999 
patient-noted circumstance via the wireless glucometer.  Informative graphs will be used for descriptive purposes where appropriate. 000 

Analysis of Primary Outcomes (Objective 1) 001 
A1c 002 
The primary analysis of change in A1c (ΔA1c) will use the ITT Population, and will be repeated secondarily using the Per Protocol 003 
Population.  As the primary comparison of ΔA1c at 52 weeks (±6 weeks, or 323 days to 407 days post-randomization) across the 3 004 
treatment groups, we will conduct an analysis of covariance (ANCOVA), controlling for baseline A1c, prior use of SMBG, duration 005 
of T2DM, baseline anti-hyperglycemic treatment (use of secretagogues vs no use), age, race/ethnicity, health literacy, and number of 006 
baseline comorbidities at the 0.05 significance level. If the overall null hypothesis of no difference between the three groups is 007 
rejected, we will compare each SMBG group (Groups 2 and 3) to the no testing group (Group 1) separately using the Dunnett-008 
Tamhane Step-Up procedure for multiple comparisons to control the family-wise error rate at 0.05 (Dunnett and Tamhane, 1992). This 009 
multiple testing procedure is as follows: 010 

• Compute the two pairwise comparison p-values for each SMBG group compared to the no testing group using appropriately 011 
specified contrasts in the ANCOVA model; 012 

• Compare the largest of the pairwise comparison p-values to 0.05; if the p-value is less than 0.05, reject both null hypotheses 013 
and conclude both SMBG groups are more effective than no testing; 014 

• If the largest p-value > 0.05, then compare the smaller of the two p-values to 0.0262 and, if smaller, reject only this null 015 
hypothesis and conclude that corresponding SMBG group is more effective than no testing. 016 

We will also conduct a contrast test comparing the average of the two SMBG groups to the no-SMBG group at the 0.05 level. 017 
 018 
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As described in Section 5, we will conduct two sensitivity analyses to investigate sensitivity of our conclusions to certain data 019 
handling conventions.  First, we will repeat the ANCOVA model using a linear mixed model that incorporates all observed A1c values, 020 
including those collected passively at interim clinical visits.  This model will include fixed effects for time-since-randomization and 021 
time-by-treatment group interactions, and will include random intercepts and slopes for each patient.  Second, we will repeat the 022 
primary ANCOVA using LOCF to impute 52-week A1c values for all subjects who either  dropped out, initiated insulin, or became 023 
pregnant following randomization. 024 
 025 
HRQOL 026 
The primary analyses of change in HRQOL will use the ITT Population, and will be repeated secondarily using the Per Protocol 027 
Population.  The physical and mental subscales of the SF-36 will be scored by the Sheps data management team using software 028 
provided by the scale developer, and the scores will be included in the dataset supplied to the statistician.  Similar ANCOVA models 029 
to those described above will compare change in SF-36 physical and mental component scores between groups, controlling for the 030 
same baseline variables as for A1c in addition to the baseline values of the respective subscales.  Because we are examining two 031 
aspects of HRQOL (physical and mental), we will apply a Bonferroni correction and assess each comparison at the 0.025 level. 032 
However, we will not adjust for multiple comparisons due to the co-primary endpoints of glycemic control and QOL. 033 
 034 
Sub-Objective 1a:  Potential Effect Modifiers 035 
We will assess the presence of effect modification for the baseline variables corresponding to the pre-specified subgroups of interest 036 
by adding appropriate interaction terms to the respective ANCOVA models (for each of A1c and the physical and mental components 037 
of HRQOL) one at a time. Each interaction term will be tested separately at the 0.05 significance level. Only if the associated 038 
interaction term is significant, similar contrasts to those described above will be assessed within the relevant subgroups.  The 039 
subgroups to be examined in this way are: 040 

• prior experience using SMBG (any versus none); 041 
• duration of DM (≤ 1 year prior to study versus > 1 year prior); 042 
• baseline glycemic control (baseline A1c <8% vs A1c>8%); 043 
• baseline anti-hyperglycemic treatment (use of secretagogues vs no use); 044 
• age (< 65 vs. ≥ 65); 045 
• race/ethnicity (non-Hispanic Caucasian, non-Hispanic African Americans, other); 046 
• health literacy (<4 vs. ≥4); 047 
• number of baseline comorbidities (low versus high, separated by the observed median score). 048 
Analysis of Secondary Outcomes (Objective 2) 049 

The ITT Population will be used in the primary analysis of all secondary outcomes.  Similar ANCOVA methods to those described 050 
above for A1c will be used to compare groups on each of the secondary outcomes; for any scale measured at baseline, the 051 
corresponding ANCOVA will control for baseline value in addition to the variables noted above. These tests will each be conducted at 052 
the 0.05 significance level with no adjustments for multiple comparisons. 053 
 054 
The secondary outcomes will be derived as follows: 055 
 056 
DM-Related QOL 057 
The Problem Areas in Diabetes (PAID) scale will be scored by summing the 20 items and multiplying by 1.25 for a resulting score 058 
between 0 and 100.  Items with missing responses will be imputed using the mean of non-missing items if at least 75% of items are 059 
not missing. 060 
 061 
The items on the Diabetes Symptoms Checklist (DSC) will be summed, both separately for each symptom category (hyperglycemic 062 
[items l, p, w, and ff], hypoglycemic [items h, s, and aa], psychological cognitive [items f, g, ee, and gg], psychological-fatigue [items 063 
a, d, q, and t], cardiovascular [items e, m, x, and dd], neurological pain [items b, o, u, y], neurological-sensory [items c, i, k, z, cc, and 064 
hh], and ophthalmologic [items j, n, r, v, and bb]) and overall.  Symptoms that are indicated to have not occurred will be scored a 1, 065 
same as for symptoms that occurred but were “not at all” troublesome.  For each symptom category, items with missing responses will 066 
be imputed using the mean of non-missing items if at least 75% of items are not missing. 067 
 068 
DM Self-Care 069 
The average of the items on the Summary of Diabetes Self Care Activities (SDCA) scales will be computed, both separately for each 070 
set of activities (diet, exercise, blood sugar testing, and foot care) as well as overall.  For each set of activities, items with missing 071 
responses will be imputed using the mean of non-missing items if at least 75% of items are not missing. 072 
 073 
DM Treatment Satisfaction 074 
The sum of the items on the Diabetes Treatment Satisfaction Questionnaire (DTSQ) will be computed.  Items with missing responses 075 
will be imputed using the mean of non-missing items if at least 75% of items are not missing. 076 
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 077 
DM Self-Efficacy 078 
The average of the items on the Diabetes Empowerment Scale Short Form (DES-SF) will be computed.  Items with missing responses 079 
will be imputed using the mean of non-missing items if at least 75% of items are not missing. 080 
 081 
Patient-Provider Communication 082 
The average of the items on the Communication Assessment Tool (CAT) will be computed.  Items with missing responses will be 083 
imputed using the mean of non-missing items if at least 75% of items are not missing. 084 
 085 
Hypoglycemia Frequency 086 
For the ITT population, we will descriptively compare the self-reported frequency (captured at 52 weeks) of severe hypoglycemia 087 
across all three arms.  Additionally, for the SMBG groups only (Groups 2 and 3), downloaded SMBG values will be graded according 088 
to severity as Grade 1 (SMBG <70 mg/dl) or Grade 2 (SMBG<50 mg/dl).  The frequency of these events relative to the number of 089 
tests will be descriptively compared between the two arms. 090 
 091 
Health Care Utilization 092 
Patient reported frequency of visits to primary care provider, urgent care clinic, Emergency room, overnight hospitalizations, and 093 
EMS calls during the study year will be descriptively compared across the 3 groups. 094 
 095 
Additionally, we will summarize use of glycaemia medications at baseline and 52 weeks, both overall and by group, and will 096 
descriptively compare change in medication use from baseline to 52 weeks between groups, except for use of insulin.  We will 097 
compare groups for initiating use of insulin by calculating differences between groups, along with 95% confidence intervals, in 098 
participants who initiate insulin during the study. 099 
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STUDY ABSTRACT 143 
 144 
BACKGROUND 145 
For the nearly 75% of patients living with type 2 diabetes (T2DM) that do not use insulin, decisions regarding self-monitoring of 146 
blood glucose (SMBG) can be especially problematic. Considering the many burdens SMBG testing places on patients, it is a resource 147 
intensive activity without firmly established patient benefits. While in theory SMBG holds great promise for sparking favorable 148 
behavior change, the potential for no benefit or even patient harm must be acknowledged. Possible negative effects on patient quality 149 
of life must be more closely examined along with the speculative benefits of SMBG in non-insulin treated T2DM. Among studies 150 
examining this issue a general consensus is evolving; while SMBG may or may not be clinically useful, its value can only be fully 151 
appreciated when the SMBG results are provided to patients in a useful manner. Testing without feedback, a common clinical 152 
occurrence, holds little clinical promise. 153 
 154 
OBJECTIVES 155 
The overarching goal of this proposal is to assess the impact of three different SMBG testing approaches on patient-centered outcomes 156 
in patients with non-insulin treated T2DM within the real-world, clinic setting. 157 
 158 
METHODS 159 
This is a pragmatic trial of 450 patients randomized to one of the following three SMBG testing regimens: 1) no SMBG testing; 2) 160 
once daily SMBG testing with standard patient feedback consisting of glucose values being immediately reported to the patient 161 
through the glucose meter; and 3) once daily SMBG testing with enhanced patient feedback consisting of glucose values being 162 
immediately reported to the patient PLUS automated, tailored feedback messaging following each SMBG testing event delivered to 163 
the patient through the glucose meter.  164 
 165 
The first two arms represent common SMBG testing approaches currently being used. The third arm is an enhanced, patient-centered 166 
approach to SMBG testing. SMBG values will be evaluated at routine clinic visits over 52 weeks. Patients’ health care providers will 167 
utilize the American Diabetes Association Guidelines, which focus on individualization of patient care, to guide therapy modification. 168 
We will use a mixed methods approach. Quantitative patient assessments will occur at baseline and at 52 weeks. Qualitative 169 
assessments using patient and provider focus groups will occur at the conclusion of the intervention. We have actively engaged several 170 
stakeholders to inform the trial design and choice of outcomes. 171 
 172 
PATIENT OUTCOMES   173 
The following primary outcomes will be assessed: Quality of Life and Glycemic Control. We will assess differences across the 174 
following pre-specified subgroups: 1) prior experience using SMBG;  175 

2) duration of T2DM; 3) baseline degree of glycemic control; 4) anti-hyperglycemic treatment; 5) age; 6) race/ethnicity; 7) 176 
health literacy 177 
 178 

Secondary outcomes will include diabetes-related treatment satisfaction, self-efficacy, distress, self-care, hypoglycemia frequency and 179 
patient-provider communication. 180 
3. Introduction 181 
This document provides background information and a description of the overall study design for the Monitor Trial, a pragmatic 182 
clinical trial assessing three approaches for managing non-insulin treated type 2 diabetes (T2DM). This study is to be conducted in 183 
accordance with the approved UNC Institutional Review Board study procedures.  184 
1.1 Background 185 
Diabetes mellitus (DM) is a metabolic disorder resulting from a defect in insulin secretion, insulin action, or generally both 1. At least 186 
285 million people worldwide have DM 2. The estimated costs of the condition in the US alone top 174 billion annually 3. Now 187 
described as an epidemic, the global incidence of DM is expected to double over the next two decades, reaching 435 million cases by 188 
2030 4. T2DM, closely linked to obesity, makes up around 90% of cases, with the remaining 10% being Type 1 and gestational. 189 
Recent Centers for Disease Control and Prevention (CDC) reporting shows alarming increases in T2DM in the US 5. The southern 190 
states fare the worst, with rates of DM cases doubling in just 15 years 5. Complications from T2DM include heart disease, stroke, 191 
diabetic retinopathy leading to visual impairment or blindness, kidney failure requiring dialysis, and limb amputation. Other 192 
associations include higher risk of cognitive dysfunction, dementia, cancer, sexual dysfunction, and infection 1, 6, plus increased rates 193 
of hospitalization and a shorter life expectancy 2. In the US, DM is the leading cause of kidney failure, non-traumatic lower-limb 194 
amputations, new onset blindness, and the seventh leading cause of death 4. 195 
 196 
Given the devastating effects of DM, improving treatment for persons with DM is of obvious importance. DM is a chronic condition 197 
with no cure, thus disease management is the primary form of treatment. A main goal of management is to control blood glucose, 198 
which is evaluated primarily through blood levels of hemoglobin A1c (A1c). A1c relates closely to the average plasma glucose levels 199 
a patient experienced over ~3 months. According to the American Diabetes Association (ADA) guidelines, an A1c of 6.5% or above is 200 
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a criterion for diagnosis 7. In addition to pharmaceuticals, self-monitoring of blood glucose (SMBG) through the use of strips and 201 
glucose meters is a recommended method for maintaining better glucose regulation7. The process entails using a lancing device to 202 
obtain a sample of capillary blood, which is then placed on a testing strip and read by a small hand held device. After several seconds, 203 
the current plasma glucose concentration is reported on the device. For patients with DM who are treated with insulin, SMBG is an 204 
accepted procedure for daily monitoring effects of insulin therapy.  However, the majority of T2DM patients do not use insulin.   205 
 206 
According to the CDC, 26% of people with DM use insulin, while the remainder use oral medications only (58%) or no medications 207 
(16%) 5. While control of A1c is equally important for persons with DM who are non-insulin treated (hereafter NIT DM), the value of 208 
SMBG testing for these patients is debatable 7-13. Proponents postulate that testing promotes better awareness of glucose levels, 209 
leading to improvements in diet and lifestyle. When test result are shared with health care providers, it is argued, there is also the 210 
potential for more timely treatment modifications. Competing arguments point to the costs of SMBG, both in terms of supplies (one-211 
time use test strips currently cost around $1 each, with meters costing between $50-$100) and time, as well as the obvious discomfort 212 
involved (pricking the skin), all of which would be net harms if SMBG does not improve key outcomes for these patients. 213 
  Scientific examinations of SMBG in NIT DM have provided mixed results. An early epidemiological evaluation of the issue using a 214 
retrospective, longitudinal analysis showed that nonfatal micro- and macrovascular event rates along with fatal event rates were lower 215 
in individuals performing SMBG routinely as compared to those who were not 14.  A multitude of clinical trials followed. Several 216 
showed a significant benefit from SMBG testing on improving glycemic control 15-18, while others found no evidence of benefit 9, 19-22. 217 
In fact, some studies even suggested harm from routine SMBG in patients with NIT DM, specifically, higher rates of depression and 218 
increased cost without accompanying benefits 23, 24. 219 
 220 
Given these mixed results, a series of meta-analyses and systematic reviews were conducted to investigate the benefit or lack thereof 221 
of SMBG on glycemic lowering in patients with NIT DM 8-13. While meta-analyses can be a useful way to assess the clinical 222 
effectiveness of an intervention, they are limited by the quality and comparability of the clinical trials included in the analyses. Issues 223 
of sample size, duration/details of the intervention, and patient characteristics (e.g., newly diagnosed vs. longer duration of disease; 224 
baseline A1c level), varied considerably across the available studies. Given these critical differences, it is perhaps not surprising that 225 
the results of the meta-analyses have also shown conflicting results.  However, the overall conclusion has been that SMBG is likely 226 
not cost effective for this population of patients 8, 9, 11. 227 
 228 
Perhaps most important to understanding these mixed results is the fact that the question being addressed by the studies is itself not 229 
consistent, falling generally into two camps: ‘simple’ SMBG and ‘enhanced’ SMBG. In studies testing simple SMBG, patients 230 
conducting SMBG were compared to patients who were not. In evaluations of ‘enhanced’ SMBG, intervention group patients and/or 231 
providers were given education or feedback such that they were better able to interpret SMBG results and use them in a meaningful 232 
way with regard to lifestyle changes and treatment modification. Among tests of ‘simple’ SMBG, A1c levels were reduced on average 233 
by 0.2%, an amount that was statistically significant in these studies, but of doubtful clinical significance 11, 12. Studies of ‘enhanced’ 234 
SMBG found A1c reductions closer to 0.5% 11, 18, 25, 26. As additional ‘enhanced’ intervention SMBG studies were added to the 235 
literature 25, 27, more recent reviews and meta-analyses have drawn conclusions more in favor of testing 11, 28. This pattern suggests that, 236 
for SMBG to be an effective self-management tool in NIT DM, the patient and the health care provider must both actively engage in 237 
performing, interpreting, and acting upon the SMBG values.  238 
 239 
The effect of SMBG could impact patient quality of life (QOL) both positively and or negatively. Testing itself is a burden and could 240 
act as a constant reminder of one’s less than ideal health status 20, 29, 29. On the other hand, testing may provide a sense of agency, 241 
improving a patient’s sense of self-efficacy and hope for maximizing health and independence into the future29.  A recent Cochrane 242 
Review identified only a handful of studies that had examined health-related quality of life (HRQOL), well-being, or patient 243 
satisfaction 8. While these studies did not find clinically relevant differences in HRQOL for those who do or do not test, the review 244 
indicated future research was needed (8). In one study, HRQOL initially decreased, but follow-up qualitative interviews showed that 245 
patients in the testing groups experienced an increased awareness of illness 20. While both simple and ‘enhanced’ versions of SMBG 246 
were evaluated, the enhanced version included only training in the meaning of the results and encouragement to explore how lifestyle 247 
and dietary choices affect test values. Without more hands-on use of results (e.g., reports provided to the care provider), patients might 248 
have felt more ‘overwhelmed’ than empowered by the experience of testing. Future studies of HRQOL and other patient-centered 249 
aspects of SMBG must examine it within the context of patient’s having actionable knowledge and improved opportunities for 250 
provider/patient collaboration. 251 
1.3  Self-monitoring practices 252 
The lack of consensus around the benefits or lack thereof of employing SMBG for persons with NIT DM has led to virtually no 253 
standardization in SMBG recommendations worldwide 30. Guidelines range from clear recommendations for regular testing, to general 254 
statements about ensuring that testing is an available option to patients, to not recommending testing except in specific cases 31.The 255 
ADA suggests SMBG may be useful as a guide to the success of other therapies 7. Mirroring the lack of research in this area, very few 256 
guidelines on diabetes care and management even touch upon quality of life issues 31. Without medical consensus, it is not surprising 257 
that there is little consistency in either reimbursement for or routine use of SMBG in patients with NIT DM.  258 
 259 
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While researchers and medical organizations debate the overall issue of the value of SMBG testing in NIT DM, patients face this 260 
choice daily and without adequate information as to its clinical or psychological outcomes. For some patients, their decision on testing 261 
will mirror that of their care provider. Yet more and more, patients play an active role in managing their own health. To some degree 262 
this is a necessary trend, because providers simply do not have sufficient time to provide intensive ongoing and comprehensive 263 
education and decision-making around diabetes self-management. Then too, even providers are looking for additional guidance on this 264 
question, including how to present options to patients and incorporate test results into care 32. The fact that patients are taking a greater 265 
role in their health care is generally positive, because those who do so also improve their outcomes 33, 34. Diabetes self-management, 266 
however, encompasses an increasingly complex set of services and supports, including glucose monitoring, medication management, 267 
nutrition counseling, physical activity promotion, social support networking and, when needed, psychotherapy.  268 
   269 
While current SMBG testing rates have not been well documented, in a recently published study of over 500 patients with NIT DM, 270 
14.1% reported never testing, 22.8 tested once a week or less, 22.3% tested once a day, and 54.7% tested more than twice a day 35. 271 
These results point to over 75% of patients currently performing regular SMBG testing. The wide range in SMBG testing frequency is 272 
likely dependent on the recommendations of the providers from whom the patients were receiving care. In preparation for this grant 273 
application, we conducted a survey of SMBG habits and attitudes among patients with NIT DM who are part of the UNC Diabetes 274 
Care Center Patient Registry, a group consented for participation in research projects. Among the 62 of patients who had NIT DM, we 275 
found lower SMBG testing rates. Only one third said that they test one or more times daily, while 15% tested never or less than once a 276 
month. The remainder tested several times per week (38%), several times per month (20%), or less than once per month (5%). 277 
 278 
In addition to highlighting variability in testing rates, both the study by Wang and our pilot survey point to difficulties these patients 279 
encounter with regard to testing and using test results. Wang et al found that close to half (44.7%) reported missing or skipping blood 280 
sugar checks 35. In our UNC sample, despite the low testing rates, a full 87% felt SMBG is an important part of diabetes self-care, and 281 
79% said it was important to their provider. Indeed, 43% admitted that they test less often than suggested by their provider. At the 282 
same time, a small but important minority said their provider never instructed them on how often to test. Finally, even within the 283 
sample of patients for whom over 75% test at least daily, most patients are not taking appropriate problem solving steps in response to 284 
high (hyperglycemia) or low (hypoglycemia) blood sugar levels 35. 285 
 286 
1.3 Modern diabetes self-management technologies 287 
Increasingly, patients are turning to the Internet and other new means of electronic communication for information, connections and 288 
guidance 36, 37. In a study of mobile health applications for SMBG that included English-language interfaces, over 900 were available 289 
for review 37. But of the 137 applications that were comprehensive enough to meet basic review criteria, only 7% included a module 290 
providing personalized education or feedback. This study highlights both the demand for and current unmet need among patients 291 
considering or currently participating in SMBG. Recognizing this, some are calling for greater use and development of such patient-292 
centered medical options 36. Kaufman refers to these technologies as “a solution whose time has long since arrived” but argues that, to 293 
be most effective, they must be ‘clinically linked,’ that is, occurring within the context of a trusted therapeutic relationship and an 294 
effective medical care system 36. As he goes on to point out, internet and cell phone use is now so widespread and inexpensive that it is 295 
erasing geographic, economic and demographic barriers to obtaining health information and support. He argues that the medical 296 
system should take advantage of these facts to further incorporate information technology into patient care and support.  297 
1.4 Testing approaches 298 
In order to make informed patient choices, patients and their providers need accurate, generalizable and meaningful information about 299 
the merits or demerits of SMBG testing for persons with NIT DM. Because the existing research, though relatively extensive, has not 300 
yet met this important need, more research must be done on this issue. The Consensus Report of the Diabetes Technology Society 301 
provides a list of recommendations for future research relating to SMBG in NIT DM. In regard to the intervention itself, they 302 
recommend that it a) is linked to a structured program designed to facilitate behavior change, b) has A1c as a primary endpoint but 303 
include patient-centered endpoints, c) include encouragement and support, preferably in the form of personalized, automated feedback 304 
to patients in real time, d) takes advantage of telemedicine opportunities, and d) incorporate best practices guidelines and standards for 305 
physicians28. Many of these recommendations overlap with others’ 11, 29, 30, 38. In addition to these critical features, future research 306 
should be designed with a pragmatic eye, adhering as closely as possible to the real world setting in which SMBG would be carried 307 
out by patients and utilized by patients and health care providers collaboratively. To date, no large-scale, pragmatic RCT has 308 
evaluated the impact of SMBG testing in patients with NIT DM in which a multi-dimensional approach to SMBG value management 309 
has occurred. Performing another randomized clinical trial of efficacy would not help clarify this hotly debated topic. Also missing 310 
from current research is an examination of SMBG testing for selected patient groups 11. Racial and ethnic differences in A1c have 311 
been observed 3, 39-41.  Compared to non-Hispanic white adults, the risk of diagnosed DM is 66% higher among  Hispanics/Latinos and 312 
77% higher among non-Hispanic blacks3 . Persons from different racial or ethnic backgrounds might also respond differently to 313 
SMBG testing, as there may be differences in how individuals interact with providers, or the ease with which they are able to use and 314 
make use of a wireless glucometer.  315 
  316 
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While SMBG may or not be worthwhile, effective SMBG, if it exists for NIT DM, appears to require that it be embedded within the 317 
context of patient education around the use and interpretation of glucose readings, provider awareness of the results of repeated testing, 318 
and collaborative use of this information at medical visits 30. We would also argue for providing treatment algorithms to providers that 319 
are based on standard and accepted guidelines (such as the ADA guidelines) linked to SMBG report results 42. This step facilitates the 320 
physician’s use of glucometer result reports and can be used by health care providers during clinic visits to better illustrate their 321 
concerns when talking to patients. Finally, we feel it is important to evaluate objectively and in a real world setting the possible 322 
additional benefits of personalized feedback for patients in the form of messages delivered via the glucometer based on patients’ 323 
current and recent SMBG patterns. By pointing out troubling patterns and rewarding results that are at goal, this aspect of the 324 
approach we are calling ‘enhanced feedback’ is akin to ‘mini consultations’ with a provider between routine clinic visits, which are 325 
generally 3-6 months apart. Patients are curious about these enhanced approaches as evidenced by 80% of our survey respondents 326 
reporting that they would perform SMBG as directed by their health care provider if they received instantaneous feedback on their 327 
glucose readings.   328 
1.6 Risk/Benefits  Associated with SMBG 329 
Because there are currently no definitive clinical guidelines that describe how frequently a person 330 
with NIT DM should be monitoring their SMBG values, the randomized treatment provided in in 331 
this proposed study represents variations in usual care. As an FDA approved glucose monitoring system will be utilized in conjunction 332 
with standard diabetes management by local providers, this 333 
study poses no greater than minimal risk. 334 
 335 
Establishing the utility or lack thereof for SMBG monitoring in patients with NIT DM receiving care within a variety of primary care, 336 
clinical settings is a practical, contemporary issue, with far-reaching implications of value to numerous stakeholders including primary 337 
care providers, patients, academicians, insurance payers, and government regulatory agencies. A positive result will establish a 338 
standard of care. A negative result will reduce unnecessary burdens (time, effort and financial) for patients, providers and health care 339 
systems. 340 
 341 
4. Study Objectives and Endpoints 342 
The goal of this one-year randomized controlled trial is to evaluate SMBG testing for participants with NIT DM within a real world 343 
setting using patient-centered outcomes and incorporating new glucose meter technologies.  344 
 345 
Objective 1: Assess SMBG effectiveness on two primary, patient-centered outcomes, glycemic control (A1C) and health related 346 
quality of life (HRQOL), over one year in 450 participants with NIT DM between the following three groups: 1) no SMBG testing, 2) 347 
once-daily SMBG testing with standard patient feedback consisting of glucose values immediately reported to the patient through the 348 
glucometer, and 3) once-daily SMBG testing with enhanced patient feedback consisting of glucose values immediately reported to the 349 
patient PLUS automated tailored messaging also delivered via the glucometer. 350 

Sub-objective 1a. Assess differences in SMBG effectiveness across the following subgroups: 1) prior experience using 351 
SMBG; 2) duration of DM; 3) baseline glycemic control; 4) baseline anti-hyperglycemic treatment; 5) age; 6) race/ethnicity; 352 
7) health literacy; and 8) number of baseline comorbidities. 353 
 354 

Objective 2: Evaluate the impact of SMBG on secondary patient-centered, outcomes including: a) DM-related QOL, b) DM self-care, 355 
c) DM treatment satisfaction, d) DM self-efficacy, e) patient-provider communication, f) hypoglycemia frequency, g) health care 356 
utilization. 357 
 358 
Objective 3: Conduct qualitative assessments of the patient participant and provider experience for all three intervention groups. This 359 
objective will support efficient translation of study findings to real world clinic settings by exploring such issues as patient/provider 360 
communications, the use of the glucose meter and accompanying reports, the utility of the treatment algorithm given to providers, and 361 
practice burden. 362 
2.3 Primary endpoints 363 
The two primary outcomes of the study are change in A1c and change in HRQOL. The A1c was chosen due to its use in prior studies 364 
and its standing as a measure on which: 1) providers evaluate patients; 2) payers evaluate providers; and 3) patients evaluate 365 
themselves and their providers. Though HRQOL is also critically important to patients, few studies have rigorously examined the 366 
impact of SMBG on HRQOL. Based on these facts and the recommendations of our stakeholder groups, HRQOL is a co-primary 367 
outcome for this pragmatic trial. 368 
A1c. A1c will be measured at baseline and 52 weeks. A1c has long been accepted as the best indicator of recent (past 2-3 months) 369 
glucose control. It is the standard laboratory value upon which glycemic control is judged and treatment alterations are based 7.  370 
Baseline and 52-week A1c scores will be collected by the study research coordinator. Because the 52-week time point may not align 371 
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with a scheduled primary care visit, we have defined this time point as 52 + 6 weeks from the baseline visit. All other A1c values 372 
measured and recorded in the EHR during the study period will be captured passively and recorded in the dataset. 373 
General  Quality of Life: An important outcome for all patients with DM is their perception of how diabetes affects their physical, 374 
psychological and social functioning.  We will utilize the Short Form 36 (SF-36) to assess overall quality of life (QOL).  It has been 375 
widely used and validated in medical studies generally and diabetes studies in particular 45-48. The SF-36 encompasses physical 376 
functioning, role limitations due to physical health problems, bodily pain, general health perceptions, vitality, social functioning, role 377 
limitations due to emotional problems, and mental health. Subscale scores range from 0 to 100, with high scores representing better 378 
HRQOL. We will use the physical component score (PCS) and the mental component score (MCS), with scores standardized to a 379 
normal distribution (mean = 50 and standard deviation[SD] = 10)49. 380 
2.4 Secondary endpoints 381 
The following secondary endpoints will be collected from patient participants at baseline and 52-weeks.  382 
Problem Areas in Diabetes (PAID). Developed at the Joslin Diabetes Center, this scale is the most widely utilized tool to assess 383 
psychological and social stress associated with diabetes. This self-report measure contains 20-items with scores ranging from 0 (no 384 
distress) to 100 (high distress).  It has been shown to have high internal reliability (Cronbach's alpha =0.90), sensitivity to change 385 
(r=0.83), and clinical utility55-57 386 
Diabetes Symptom Checklist (DSC). The DSC is a 34-item self-report measure of diabetes-related symptom frequency and perceived 387 
severity during the prior month covering six symptom categories: hyperglycemic, hypoglycemic, cardiac, neuropathic, psychological, 388 
and vision-related.59 Patients respond on a 5-point scale (1=symptom has not occurred or was not troublesome, to 5=symptom was 389 
extremely troublesome). The DSC is valid, reliable, and responsive to change. Higher scores are associated with poorer glycemic 390 
control and depression61, 62.  391 
Diabetes Self-Care. To assess compliance with diabetes self-care, we will use the Summary of Diabetes Self Care Activities (SDCA) 392 
survey. This is a widely used, multidimensional measure of diabetes self-management activities with high internal and test-retest 393 
reliability63. The SDCA assesses diet, exercise, blood glucose testing, foot-care, and smoking status. Supplementary questions are 394 
available, and we will include a question on medication adherenceDiabetes Treatment Satisfaction. Treatment satisfaction is an 395 
inherently patient centered outcome. We will utilize the Diabetes Treatment Satisfaction Questionnaire (DTSQs) standard version to 396 
assess this variable at baseline. This 8-item survey has been widely used to assess patient satisfaction with their current treatment 64. 397 
Diabetes-Specific Self-Efficacy. Diabetes-specific self-efficacy focuses on beliefs about one’s ability to adhere to diet, exercise, SMBG, 398 
and medication regimens and is only moderately related to general self-efficacy67.  Higher diabetes-related self-efficacy is related to 399 
enhanced adherence to self-care activities68, 69.  Study participants will complete the 8-item Diabetes Empowerment Scale Short Form 400 
(DES-SF). The DES-SF is highly reliable (Cronbach α = 0.85) and is responsive to change over time70.  401 
Patient-Provider Communication. A patient’s perceived connection with their health care provider significantly influences their sense 402 
of satisfaction and degree of concern about their health71. Good patient–provider communication also predicts better diabetes self-care, 403 
improved adherence to treatment, and less diabetes-related morbidity 72-74. In general, patients prefer interactions that involve shared 404 
decision making. By providing shared and timely SMBG values, the new technology implemented in this study has the potential to 405 
strengthen the patient-provider relationship. We will use the Communication Assessment Tool (CAT) to measure patient-provider 406 
communication. The CAT is a 15-item survey that asks patients to rate different dimensions of the communication and interpersonal 407 
skills of their health care provider using a 5-point scale (1=poor, 2=fair, 3=good, 4=very good, 5=excellent) 75. Overall scale reliability 408 
is high (Cronbach's alpha = 0.96). 409 
Hypoglycemia Frequency. Downloaded SMBG values will be graded according to severity as Grade 1 (SMBG <70 mg/dl with or 410 
without mild or moderate symptoms), Grade 2 (SMBG<50 mg/dl with or without mild or moderate symptoms), Grade 3 (independent 411 
of SMBG, altered consciousness or inability to engage in self-care behaviors, which reverses promptly after administration of oral 412 
carbohydrate, presumed to be related to hypoglycemia but not requiring medical assistance), Grade 4 (similar to Grade 3, but reverses 413 
promptly after treatment (glucagon injection, intravenous glucose, emergency medical services provided at health care facility or in 414 
the field)), and Grade 5 (death or irreversible coma with circumstances suspicious for hypoglycemia). For study purposes, a 415 
hypoglycemic episode will be defined as Grade 3, 4, or 5 using self-report with additional queries as to whether the hypoglycemia 416 
might have been reversed without assistance. Events will be adjudicated by Drs. Buse, Donahue and Young without knowledge of 417 
treatment assignment. Narrative reports will be submitted to the IRB as serious adverse events potentially related to study procedures.  418 
Health Care Utilization. Utilization outcomes will include inpatient, outpatient and emergency department utilization during the 52-419 
week study period. UNC visits will be collected through the EHR while non UNC visits will be captured at the 52 week study visit via 420 
patient interview with the study coordinator.  421 
 422 
Qualitative Assessment (Objective 3) 423 
  To gain a deeper understanding of patients’ and health care providers’ experiences with each of the SMBG testing approaches, 424 
including facilitators and barriers to dissemination, we will perform qualitative focus groups at the UNCPN practices.  425 
Qualitative Assessment of Patient Outcomes. Five focus groups (one from each participating UNCPN practice) will be conducted by 426 
researchers skilled in qualitative data collection. Groups will include 10 patients who have completed the study.  They will occur at 427 
the practices once at least 80% of that practice’s enrolled study participants have completed their 52-week study visit.  All participants 428 
will review and sign an additional IRB-approved informed consent document specific to the focus groups. Key topics will include: 429 
impressions of and experience with SMBG prior to and during the trial, including using a wireless glucometer and messaging system, 430 
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and impressions of using the downloaded SMBG reports at clinic visits and how interactions with providers did/did not change per the 431 
intervention arm to which they were randomized 432 
Qualitative Assessment of Health Care Provider Outcomes. Five focus groups (one per practice) with 5-10 physicians and nursing 433 
staff will be conducted by researchers skilled in qualitative data collection. Focus groups will be conducted once at least 80% of that 434 
practice’s enrolled study participants will have completed their 52-week follow-up visit. Key topics will include: impressions 435 
regarding the usefulness of SMBG summary reports and accompanying treatment algorithm; experience with recommending SMBG 436 
for patients with NIT DM prior to and during the trial (and for both enrolled and non-enrolled patients); and perceived 437 
benefits/problems arising from being a practice site for this study. All participants will review and sign IRB-approved informed 438 
consent documents prior to participation. We will also collect age, gender, race/ethnicity, full-time/part-time employment status, years 439 
in practice, and area of board certification for all participants.  440 
2.3 Potential moderating variables 441 
  Based on their possible relationship to glycemic control and/or HRQOL, we will measure the following eight variables to be tested as 442 
possible modifiers of our primary outcomes. These include: 443 
Prior experience using SMBG. Baseline use of blood glucose monitoring, including its frequency and the number of years of testing 444 
will be queried.  445 
Duration of T2DM. Prior studies suggest that SMBG in NIT DM may be most beneficial for newly diagnosed patients and less 446 
beneficial for people with a longer duration of disease8.  447 
Baseline A1c. Some researchers have suggested that SMBG testing is most valuable for patients with higher baseline A1c results 50.  448 
Anti-hyperglycemic treatment. Patients treated with insulin secretagogues (sulfonylureas and glinides) are at higher risk for 449 
hypoglycemia and may therefore be more likely to benefit from SMBG.  450 
Age. A large meta-analytic study observed differences in the change in A1c level by age, with less change for older and younger 451 
patients12. Age may also relate to comfort in using new technologies.  452 
Race/ethnicity. A1c values are known to differ across racial and ethnic groups51.  453 
Health literacy. Low health literacy is associated with poorer diabetes knowledge52, which could affect one’s ability to benefit from 454 
SMBG testing. Following consultation with the Health Literacy Core within the UNC Center for Diabetes Translational Research, we 455 
will use the Newest Vital Sign (NVS) screening tool to assess literacy and numeracy. This instrument has good internal consistency 456 
and reliability (Cronbach’s α > 0.76) 53. 457 
Number of comorbidities. Having additional illnesses might affect self-care behaviors. We will use a standard comorbidities list to 458 
obtain a count of comorbidities at baseline.  459 
 460 
5. Study Design 461 
 462 
Within the context of a controlled and randomized but pragmatic trial, we seek to answer the following question: does SMBG testing 463 
make sense for NIT DM patients in terms of either A1c values or QOL. We will also examine whether or not patients with different 464 
baseline characteristics might see different outcomes from SMBG testing. To achieve our goal of testing SMBG options in a ‘real 465 
world’ setting, the study has been designed to minimize as much as possible any interruptions in or alterations to standard daily patient 466 
care. 467 
  468 
We will recruit 450 patients from five practices within the University of North Carolina Physicians Network (UNCPN). Patients will 469 
be randomized (see attachments) to one of the three study arms: 470 
 471 

Group 1) no SMBG testing;  472 
 473 
Group 2) once daily SMBG testing with standard patient feedback; and  474 
 475 
Group 3) once daily SMBG testing with enhanced patient feedback.  476 

 477 
Patients will be followed for one year. The first two study groups represent SMBG testing approaches commonly utilized in clinical 478 
practice, while the third incorporates cutting edge glucose monitoring tools now on the market. For all three groups, patients will 479 
receive information about maintaining normoglycemia. During routine clinic visits, their health care providers will be guided to 480 
modify therapies based on ADA guidelines, which focus on A1c values and SMBG values if available. Patients in groups 2 and 3 will 481 
also receive training in obtaining and interpreting SMBG values. These values will also be systematically evaluated at routine clinic 482 
visits. Finally, patients in Group 3 will receive, through their glucose meters, wireless personalized immediate automated feedback 483 
about their testing values (see Figure 1).  484 
 485 
 486 
 487 
     488 Figure 1 
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 489 

 490 
6. Subject Identification and Withdrawal 491 
 492 
  A multi-pronged approach will be utilized to identify study participants. First, patients who have NIT DM will be identified using the 493 
Carolina Data Warehouse (CDW) or by chart review in the participating practice. Patients will receive an invitation letter by mail, 494 
signed by their health care provider describing the study. Any patient not interested in participating will be able to opt out of further 495 
contact by returning a post card or calling a toll-free number. If no opt out call is made within one week of sending the letter, 496 
telephone contact will be attempted on up to three different occasions at three different times of day. The project Research Assistant 497 
will call each potentially eligible subject to confirm eligibility criteria. Second, we will place recruitment flyers within the 498 
participating practices that will be visible in waiting areas and exam rooms. Clinic staff will be encouraged to discuss the study with 499 
potentially eligible patients during routine clinic activities (i.e. while collecting vital signs and during check-in or check-out). The 500 
UNC field coordinators will communicate regularly with practice staff regularly regarding potentially eligible subjects.  501 
4.1 Inclusion criteria 502 
Eligible patients will meet the following criteria: 503 
5. T2DM diagnosed after age 30 (to reduce the likelihood of misclassification of T1DM) without clinical characteristics 504 

suggestive of type 1 diabetes (lack of obesity, unexplained weight loss) 505 
6. An established patient at the participating UNCPN practice who identifies a UNCPN health care provider within that practice as 506 

their primary provider of diabetes care. 507 
7. A1c >6.5% but <9.5% within the 6 months preceding the screening call/visit, as obtained from the electronic medical record. 508 

This range was chosen because patients with A1c above 9.5% should arguably be treated with insulin and check SMBG more 509 
frequently than once per day while patients with A1c below 6.5% are unlikely to get additional benefit from SMBG testing on 510 
one of the two primary outcomes (A1c) given their already excellent glycemic control. 511 

8. Willing to comply with the results of random assignment into a study group. 512 
4.2 Exclusion criteria 513 

2. Currently sees or plans to see an endocrinologist or other diabetes specialist in the next year. 514 
7. Use of insulin. 515 
8. Is or plans to become pregnant in the next 12 months. 516 
9. Plans to relocate in the next 12 months. 517 
10. Has other conditions (e.g. renal or cardiovascular disease), factors (e.g. frailty) or comorbidities (e.g. cancer) that might put the 518 

patient at risk when following study protocols. 519 
11. No history of significant issues with known or suspected hypoglycemia or any history of “severe” hypoglycemia (requiring 520 

assistance from a third party). 521 
4.3 Subject recruitment and screening 522 
All potentially eligible patients will be screened for eligibility by phone call. The call will take about 15 minutes, during which a 523 
member of the study team will describe the study, answer questions, and conduct a short set of simple screening to determine. Eligible 524 
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patients who remain interested in participation will complete an assessment visit with a research coordinator. To decrease patient 525 
burden and further engage participating practices, assessment visits will occur at the patient’s primary care office. Assessments will be 526 
separate from their appointment with their primary care provider, and may or may not occur on the same day as a regularly scheduled 527 
clinic visit, though for patient convenience we will make every effort to coordinate the assessments with a regular clinic visits. During 528 
these assessments, the research coordinator will review the study details in greater depth, verify all inclusion and exclusion criteria, 529 
and obtain written informed consent. 530 
4.4 Withdrawal of subjects 531 
Once randomized, patients will not be discontinued from the study for any reason except patient request or withdrawal of consent. 532 
 533 
5. Study Device: Telcare Glucometer 534 
The Telcare glucometer is an FDA approved, cellularly-enabled device. The patient participants in the two testing arms will receive a 535 
Telcare glucometer to use during the 52-week study period. At the end of their participation, the participant will be allowed to keep 536 
the glucometer. The field coordinator enrolling the participant will register the meter with Telcare at www.telcare.com.  537 
 538 
12. Study Procedures 539 
6.4 Method for assigning subjects to treatment groups 540 
After providing informed consent, baseline A1c, and completing the baseline study interview, participants will be randomized to one 541 
of the three treatment arms using sequentially numbered, opaque, sealed envelopes. The allocation sequence will be generated by an 542 
independent statistician who is not otherwise involved in the study using computer-generated randomly permuted blocks of random 543 
sizes.  The randomization will be stratified by study practice.  The research coordinator will then review the treatment assignment with 544 
the patient, using a standardized script, provide the initial training and supplies necessary for participation in that study and answer 545 
any remaining questions.   546 
6.5  Baseline  547 
Once written informed consent has been received, patient participants will:  548 

• complete an interview that includes demographic, health history, health history, and quality of life questions.  549 
•  have blood drawn for a hemoglobin A1c test. The blood sample will be sent to Quest Laboratory and be assessed using 550 

immunoturbidimetry consistent with CLIA-based protocol. 551 
Upon completion of the interview and blood draw for hemoglobin A1c test , the field coordinator will randomize the patient to a 552 
treatment arm 553 
6.6 52-week follow-up 554 
At the 52-week follow-up, patient participants will be asked to complete an interview that includes health history, health history, and 555 
quality of life questions. The patient’s blood will be drawn for a hemoglobin A1c test. The blood sample will be sent to Quest Labs 556 
and will be processed in accordance with the procedures described under 6.2, Baseline. 557 
 558 
7. Statistical Plan 559 
7.1 Sample size determination 560 
We desire high power for our primary between-arm comparison as well as reasonable power to detect an important effect modifier, 561 
should one exist. We will use an ANCOVA, controlling for baseline A1c and other baseline variables specified above, to compare 562 
mean change-from-baseline to 52-week A1c across the three intervention groups at the 0.05 significance level. In a recent Cochrane 563 
Review, the estimated mean 12-month differences between SMBG and control groups were -0.13% and -0.52%, respectively, for 564 
patients diagnosed more than and less than one year prior to the study8. Assuming approximately equal enrollment of newly diagnosed 565 
and long term patients, this implies a mean difference of -0.325%. Based on results from one of the larger and better quality trials 566 
conducted to date, we assume the standard deviation for ΔA1c would be 0.8% 20. We assume no more than 10% loss to follow-up. 567 
Given these assumptions, randomizing 150 patients per group would provide at least 90% power for the primary comparison for ΔA1c. 568 
This same sample size would provide at least 80% power for the primary comparison if the true standard deviation were as high as 569 
1.0%. Under these same assumptions, this sample size would provide at least 70% power to detect an average interaction effect across 570 
the two SMBG groups compared to the no-SMBG group if the group means were similar to those for disease duration described above. 571 
 572 
  For comparing mean change in HRQOL between groups, we will use the physical and mental component scores of the SF-36, both 573 
of which range from 0 to 100. Because we are interested in two different aspects of QOL, we will apply a Bonferroni correction and 574 
assess each comparison at the 0.025 level.  Based on observed results from the ZODIAC-17 SMBG study, we conservatively assume 575 
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that the standard deviation for the change scores for either component will be 10 points21. Under these assumptions, randomizing 150 576 
patients per group with no more than 10% loss will provide at least 80% power to detect an overall difference between groups if the 577 
mean difference between the highest and lowest groups is at least 4 points. Power calculations were conducted using Procs 578 
GLMPOWER and POWER in SAS, V 9.2 (SAS Institute,Cary, NC). 579 
7.2 Statistical methods 580 
OBJECTIVE 1:  581 
Quantitative Analysis of Patient Outcomes 582 
A detailed analysis plan will be developed prior to initiating the study; the following is a brief summary of the proposed plan.  All 583 
comparisons will be made on an intention-to-treat basis, with patients analyzed according to their randomized group and regardless of 584 
the amount of intervention received. As the primary comparison of ΔA1c at 52 weeks across the 3 treatment groups (Objective 1), we 585 
will conduct an analysis of covariance (ANCOVA), controlling for prior use of SMBG, duration of T2DM, baseline A1c (A1c <8% vs 586 
A1c>8%), whether baseline A1c was directly measured or calculated, baseline anti-hyperglycemic treatment (use of secretagogues vs 587 
no use), age, race/ethnicity, health literacy, and baseline comorbidities at the 0.05 level. If the overall null hypothesis of no difference 588 
between groups is rejected, we will compare each SMBG group to the no-SMBG group separately using the Dunnett-Tamhane Step-589 
Up procedure for multiple comparisons to control the family-wise error rate at 0.05; we will also conduct a contrast test comparing the 590 
average of the two SMBG groups to the no-SMBG group76. Similar ANCOVA models will compare change in SF-36 physical and 591 
mental component scores between groups, controlling for the same baseline variables as for A1c. Because we are examining two 592 
aspects of HRQOL (physical and mental), we will apply a Bonferroni correction and assess each comparison at the 0.025 level. We 593 
will not adjust for multiple comparisons due to the co-primary endpoints of glycemic control and QOL.  594 
Missing 52-week outcome data will be ignored for the primary model. As a sensitivity analysis that accommodates missing data and 595 
mistimed measurements, we will repeat the above analyses using linear mixed models that incorporate all observed A1c values, 596 
including those collected passively during interim months. This model will include fixed effects for time-since-randomization and 597 
time-by-treatment group interactions, and will include random intercepts and slopes for each patient.  598 
  We will assess the presence of effect modification for the baseline variables corresponding to the pre-specified subgroups of interest 599 
by adding appropriate interaction terms to the ANCOVA model one at a time. Each interaction term will be tested separately at the 600 
0.05 significance level. Only if the associated interaction term is significant, similar contrasts to those described above will be 601 
assessed within the relevant subgroups.  602 
 603 
OBJECTIVE 2: Secondary outcomes 604 
Similar ANCOVA methods will be used to compare groups on each of the secondary outcomes (Objective 2). These tests will each be 605 
conducted at the 0.05 significance level with no adjustments for multiple comparisons. 606 
 607 
OBJECTIVE 3: Qualitative Assessment of Patient Outcomes. Five patient focus groups (one from each participating UNCPN 608 
practice) will be conducted by researchers skilled in qualitative data collection. Groups will include 8-10 patients who have completed 609 
the study.  They will occur at the practices once at least 80% of that practice’s enrolled study participants have completed their 52-610 
week study visit.  All participants will review and sign an additional IRB-approved informed consent document specific to the focus 611 
groups.  Key topics will include: impressions of and experience with SMBG prior to and during the trial, including using a wireless 612 
glucometer and messaging system, and impressions of using the downloaded SMBG reports at clinic visits and how interactions with 613 
providers did/did not change per the intervention arm to which they were randomized.  We will have previously collected all pertinent 614 
demographic information on patient focus group participants.  615 
 616 
 617 
8. Data and Safety Monitoring Plan 618 
  Because there are currently no definitive clinical guidelines that describe how frequently a person with NIT DM should be 619 
monitoring their SMBG values, the randomized treatment provided in in this proposed study represents variations in usual care. As an 620 
FDA approved glucose monitoring system will be utilized in conjunction with standard diabetes management by local providers, this 621 
study poses no greater than minimal risk, and therefore a data safety and monitoring board is not required.  However, a data and safety 622 
monitoring plan is in place. 623 
  624 
This study has been approved by the UNC Institutional Review Board. The project leadership team will meet weekly throughout study 625 
to review study milestone progress and adverse event reports.   626 
 627 
Reporting Mechanisms: Any reported adverse events will be categorized as related or not related to the study intervention by the 628 
investigators.  These events will be reported in real time to the principal investigators for confirmation and review of grading.  629 
Regardless of causality, all unanticipated Serious Adverse Events or grade 3 or 4, will be reported to the IRB for review. Any adverse 630 
events that occur will be discussed at team meetings with the project leadership team to make a decision regarding overall safety of the 631 
study, whether subject participation should be stopped, and plans for communicating safety concerns to the local providers. 632 
 633 
Frequency of Monitoring Regarding Time or Number of Subjects: 634 
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Safety data will be reviewed by the project leadership team on an ongoing basis and will be summarized in quarterly reports by the 635 
Project Manager. In addition, the project leadership team will review subject accrual, adherence to study protocol and dropouts, and 636 
monitor data monthly. 637 
 638 
Specific Data to be Monitored: 639 
Adverse events and unexpected adverse events for all subjects, subject accrual, dropouts, and adherence to the study protocol will be 640 
monitored.   641 
 642 
Procedures for analysis and interpretation of the data: 643 
Our study statistician will be blinded to subject randomization when analyzing the safety data. 644 
 645 
Actions at Defined Events or End Points: 646 
If 2 or more subjects experience Serious Adverse Events or Grade 3/ 4 adverse events related to the study intervention, enrollment will 647 
be held while the protocol undergoes review by the project leadership team and a decision can be made regarding the overall safety of 648 
the study.  Clinicians will be counseled that severe hypoglycemia (requiring assistance), which occurs without a cause that can be 649 
mitigated, would be an indication for increased monitoring and modification of the treatment plan. Similar two episodes of severe 650 
hypoglycemia independent of cause would be an indication for increased monitoring and modification of the treatment plan. 651 
 652 
Procedures for Communication from the Data Monitor to the IRB and Other Sites: 653 
All adverse events, whether serious or non-serious, will be reported from the time a signed and dated informed consent form is 654 
obtained until completion of the last study-related procedure. Any unanticipated or serious adverse events will be reported to the IRB 655 
within 7 days after occurrence by the site.  Reports detailing unanticipated and serious adverse events will be reviewed weekly by the 656 
Clinical Site Coordination Team chaired by Dr. Donahue and appropriate reports sent to the IRB. All serious adverse events that have 657 
not resolved by the end of the study, or that have not resolved upon discontinuation of the subject’s participation in the study, must be 658 
followed until: 1) the event resolves; 2) the event stabilizes; 3) the event returns to baseline, if a baseline value is available; 4) the 659 
event can be attributed to agents other than SMBG or to factors unrelated to study conduct; or 5) when it becomes unlikely that any 660 
additional information can be obtained. 661 
Unanticipated Problems that are serious adverse events will be reported to the IRB within one (1) week of the investigator becoming 662 
aware of the event. Any other Unanticipated Problem will be reported to the IRB within two (2) weeks of the investigator becoming 663 
aware of the problem. Patients can contact the PIs and/or study coordinator should safety issues related to the study develop.   664 
9. Data Handling and Record Keeping 665 
9.1 Confidentiality 666 
Information about study subjects will be kept confidential and managed according to the requirements of the Health Insurance 667 
Portability and Accountability Act of 1996 (HIPAA).  Those regulations require a signed subject authorization informing the subject 668 
of the following:  669 

• What protected health information (PHI) will be collected from subjects in this study 670 
• Who will have access to that information and why 671 
• Who will use or disclose that information 672 
• The rights of a research subject to revoke their authorization for use of their PHI.  673 

 674 
Data collectors will be trained in the importance of protecting the confidentiality. Primary data, which contains identifiers, will be 675 
audio recordings and will be kept in locked storage cabinets and separate from consent forms.  All audiotapes will be erased or 676 
destroyed at the end of the study.   Data for analysis and reporting purposes will be stripped of all unique identifiers.  Reports will not 677 
provide practice-specific or individual-specific identifiers. 678 
9.2 Source Documents 679 
Human research material and data collection:  Several types of data will be collected during the course of this study.  Research staff 680 
who collect data in person or by chart review will know the identity of the patient for whom the data is being collected; however, the 681 
patient’s name or medical record number will not be used on the data recording forms. Each category of data is outlined below.  682 
 683 
Patient-Reported Demographic and Clinical Data: These data will include questionnaire assessments, patient reported outcomes, and 684 
diabetes disease related information.  685 
 686 
Electronic Health Record (EHR) Data: EHR data will be obtained passively or by chart review by study staff from the electronic 687 
medical record for the following measures: capillary blood glucose values, capillary blood sample for HgA1c determination, new 688 
prescriptions for blood glucose testing strips, pharmacologic regimen changes, anti-hyperglycemic medication, and patient utilization 689 
of health care resources (clinic visits, ER visits, and hospitalizations). 690 
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 691 
Patient and Health Care Provider/Staff Impressions: For the qualitative assessments, research data sources include focus group 692 
interviews and paper surveys. 693 
 694 
10. Dissemination Plan 695 
The overall goal of involving various stakeholder groups (See Section 11) is to have key people with a variety of perspectives 696 
involved in planning, oversight, analysis and dissemination of this project. Groups interested in this research are varied and include 697 
patients, caregivers, providers, advocacy groups, glucometer manufacturers, educators and policy makers.  698 

 699 
Dissemination channels: At the state level, the NC Diabetes Advisory Council has several vehicles for dissemination, including 700 
newsletters, a website (http://www.ncdiabetes.org/), twitter, and grass roots advocacy/lobbying groups. At the local level, the UNC 701 
Physicians network has biannual staff meetings and newsletters. UNC family medicine has newsletters and a radio show, blog and app 702 
on health that reaches 30,000 listeners and viewers weekly (http://yourhealthradio.org).  At the national level, the American Diabetes 703 
Association and National Diabetes Education Program provide a vehicle for dissemination through conferences, web-sites, 704 
newsletters, guidelines and  a communications staff that engages, providers (physicians [primary care and multiple sub-specialties], 705 
nurses, dietitians, health educators, community health workers), industry, and state Diabetes Prevention and Control Programs. 706 
 707 
Importance of literacy in dissemination: Our team includes the health literacy core, in the UNC Center for Diabetes Translation and 708 
Research. This core will work with us to ensure our messages, interviews, questionnaires and dissemination materials are appropriate 709 
to our audience. 710 

 711 
 712 
 713 
 714 
 715 
 716 
 717 
 718 
 719 
 720 
 721 
 722 
 723 
 724 
 725 
 726 
 727 
 728 
 729 
 730 
 731 
 732 
 733 
 734 
 735 
 736 
 737 
 738 
 739 
 740 
 741 
 742 

11. Stakeholders 743 
 744 
We have a diverse group of stakeholders and as noted above include industry representatives, patients, diabetes educators, providers, 745 
and advocacy groups.   746 
 747 
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 748 
 749 
 750 
 751 
 752 
 753 
 754 
 755 
 756 
 757 
 758 
 759 
 760 
 761 
 762 
 763 
 764 
 765 
 766 
 767 
 768 
 769 
 770 
 771 
 772 
 773 
 774 
 775 
 776 
Our stakeholders will meet 8 times in Years 1 and 3 of the project and 4 times in Year 2.  777 
 778 
 779 
 780 
 781 
 782 
 783 
 784 
 785 
 786 
 787 
 788 
 789 
 790 
 791 
  792 

John Buse, MD, PhD, Stakeholder Engagement Leader
(National Diabetes Education Program Chair and Co-Investigator)

Key Stakeholder 
Groups 

                   

NC Diabetes Advisory Council 

UNC Family Medicine Patient 
Advisory Board 

UNC Diabetes Care Center Patient 
Registry 

UNC Physicians Network 

Greensboro Community Advisory 
Board 

American Diabetes Association 

National Diabetes Education 
Program 

Glucometer Manufacturers  
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This statistical analysis plan is an expanded version of the summary analysis plan included in the study protocol and 2062 
supersedes the summary plan included in the study protocol. Any significant changes made to this analysis plan after 2063 
study initiation will be documented herein.  2064 

Study Objectives 2065 
This randomized trial will assess the impact of three different self-monitoring of blood glucose (SMBG) testing 2066 
approaches on patient-centered outcomes in patients with non-insulin treated type 2 diabetes (DM). 2067 
 2068 
The objectives of this trial are as follows: 2069 
 2070 
Objective 1: Assess SMBG effectiveness, with or without tailored messaging, on two primary, patient-centered 2071 
outcomes, glycemic control (A1c) and health related quality of life (HRQOL), relative to the no testing arm over one 2072 
year. 2073 

Sub-objective 1a. Assess potential differences in SMBG effectiveness across the following subgroups: 1) prior 2074 
experience using SMBG; 2) duration of DM; 3) baseline glycemic control; 4) baseline anti-hyperglycemic 2075 
treatment; 5) age; 6) race/ethnicity; 7) health literacy; and 8) number of baseline comorbidities. 2076 

 2077 
Objective 2: Evaluate the impact of SMBG on secondary patient-centered, outcomes including: a) DM-related QOL, b) 2078 
DM self-care, c) DM treatment satisfaction, d) DM self-efficacy, e) patient-provider communication, f) hypoglycemia 2079 
frequency, g) health care utilization. 2080 
 2081 
Objective 3: Conduct qualitative assessments of the patient participant and provider experience for all three 2082 
intervention groups. 2083 
 2084 
This document describes the analyses planned for Objectives 1 and 2, and other supporting quantitative analyses.  The 2085 
qualitative approach to be applied for Objective 3 will be described elsewhere. 2086 

Study Design 2087 
This study is a multi-site, open-label, randomized controlled trial of 450 non-insulin treated diabetic patients followed 2088 
over one year.  Patients will be recruited from five practices within the University of North Carolina Physicians 2089 
Network (UNCPN). Patients will be randomized to one of the three arms: 2090 
 2091 

Group 1) no SMBG testing;  2092 
 2093 
Group 2) once daily SMBG testing with standard patient feedback; and  2094 
 2095 
Group 3) once daily SMBG testing with enhanced patient feedback. 2096 

 2097 
Patients will have two study contacts: enrollment at baseline and a 52-week follow-up visit.  Additionally, daily SMBG 2098 
values will be downloaded for patients assigned to Groups 2 and 3. 2099 

Analysis Populations 2100 
Two analysis populations will be defined for this study: 2101 

• Intent-to-Treat (ITT) Population: This population will include all subjects who were randomized (i.e., for 2102 
whom a randomization envelope was opened), analyzed according to the group to which they were randomized.  2103 
Nobody will be excluded. 2104 

• Per Protocol Population: This population will be a subset of the ITT population and will exclude all subjects 2105 
who initiate insulin treatment or who become pregnant any time between randomization and their 52-week 2106 
visit (defined as 52 weeks ± 6 weeks from their baseline visit).  Additionally, this population will exclude 2107 
subjects who do not adequately adhere to their assigned treatment arm, for whatever reason.  For Group 1, this 2108 
will exclude subjects who initiate SMBG testing at any point during the study.  For Groups 2 and 3, this will 2109 
exclude subjects who fail to perform SMBG testing on at least 80% of days between randomization and their 2110 
52-week visit or 365 days following randomization, whichever is earlier. 2111 
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Unblinding Plan 2112 
As an open-label study, subjects, providers, and many study staff will know to which group individual subjects have 2113 
been randomized.  However, efforts will be made to keep the study statistician (Mark Weaver) blinded to randomization 2114 
group during the course of the trial.  Any key decisions regarding study outcomes, the appropriateness of test statistics 2115 
or model assumptions, changes to this analysis plan, or any other statistical issues will be made in a masked review of 2116 
the data (i.e., masked to the true randomization groups).  Study randomization has been performed by a statistician not 2117 
otherwise involved with the study and the generated allocation sequence is stored electronically in a password protected 2118 
file.  Datasets provided to the statistician by the Sheps data management team prior to unblinding will not include 2119 
randomized treatment assignment.  Primary analyses using the ITT population will be initially programmed using 2120 
dummy (computer generated) treatment assignments.  Unmasking with respect to the true randomization groups will 2121 
only be done for the final interpretation of the results.  Membership in the Per Protocol Population cannot be 2122 
adjudicated without knowing actual group assignment. 2123 

Missing Data 2124 
Missing 52-week (±6 weeks, or 323 days to 407 days post-randomization) outcome data will be ignored for the primary 2125 
analyses. As a sensitivity analysis that accommodates missing data and mistimed measurements, we will repeat the 2126 
analysis of A1c using linear mixed models that incorporate all observed A1c values, including those collected passively 2127 
at interim clinical visits.  As a further sensitivity analysis, we will repeat the A1c analysis using last observation carried 2128 
forward (LOCF) to impute the 52-week value for any subjects who:  do not provide a 52-week value, initiate insulin, or 2129 
become pregnant.  Data missing by design (i.e., due to a skip pattern in the data collection form) will be filled in 2130 
logically where appropriate. 2131 

Analysis of Subject Follow-Up 2132 
We will present an account of the final disposition (completed, withdrew, lost, or died) of each subject in the ITT 2133 
Population, including any admission violations and group assignment. The number and proportion of subjects in the ITT 2134 
population who provided information for the analyses of the study objectives will be summarized by randomization 2135 
group, both pooled across sites and separately by site.  We will provide a CONSORT diagram showing the flow of 2136 
subjects through the trial, indicating withdrawals by treatment arm with reasons, when provided. 2137 

Analysis of Baseline Data 2138 
We will summarize baseline data (i.e., pre-randomization data) for the ITT Population, by site and overall. Measures of 2139 
central tendency and dispersion for continuous and certain discrete variables will include means, standard deviations, 2140 
medians, minima, and maxima. Categorical data will be summarized with frequencies and percentages. Some 2141 
continuous variables may also be grouped into categorical levels and evaluated in frequency tables. No inferential 2142 
statistics (i.e., p-values and/or confidence intervals) for comparing data between groups will be presented.  2143 
 2144 
Additionally, for a manuscript using only baseline data, we may do some exploratory modelling of baseline data. 2145 

Descriptive Summary of Post-Randomization Data 2146 
Descriptive statistics will be provided for all post-randomization study variables, by randomized group, including, for 2147 
Groups 2 and 3, frequency of SMBG testing (weekly average) and descriptive statistics (mean, SD and range of SMBG 2148 
values) by time of day and patient-noted circumstance via the wireless glucometer.  Informative graphs will be used for 2149 
descriptive purposes where appropriate. 2150 

Analysis of Primary Outcomes (Objective 1) 2151 
A1c 2152 
The primary analysis of change in A1c (ΔA1c) will use the ITT Population, and will be repeated secondarily using the 2153 
Per Protocol Population.  As the primary comparison of ΔA1c at 52 weeks (±6 weeks, or 323 days to 407 days post-2154 
randomization) across the 3 treatment groups, we will conduct an analysis of covariance (ANCOVA), controlling for 2155 
site, baseline A1c, whether baseline A1c was directly measured or calculated1, prior use of SMBG, duration of T2DM, 2156                                                         
1 Updated 01/26/2015:  For the first 40 subjects enrolled, A1c was not directly measured at baseline; instead, for these 
subjects, baseline A1c was calculated based on glycosylated hemoglobin using a published formula.  Controlling for 
how A1c was measured at baseline will account for any potential differences in these measurement methods. 
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baseline anti-hyperglycemic treatment (use of secretagogues vs no use), age, race/ethnicity, health literacy, and number 2157 
of baseline comorbidities at the 0.05 significance level. If the overall null hypothesis of no difference between the three 2158 
groups is rejected, we will compare each SMBG group (Groups 2 and 3) to the no testing group (Group 1) separately 2159 
using the Dunnett-Tamhane Step-Up procedure for multiple comparisons to control the family-wise error rate at 0.05 2160 
(Dunnett and Tamhane, 1992). This multiple testing procedure is as follows: 2161 

• Compute the two pairwise comparison p-values for each SMBG group compared to the no testing group using 2162 
appropriately specified contrasts in the ANCOVA model; 2163 

• Compare the largest of the pairwise comparison p-values to 0.05; if the p-value is less than 0.05, reject both 2164 
null hypotheses and conclude both SMBG groups are more effective than no testing; 2165 

• If the largest p-value > 0.05, then compare the smaller of the two p-values to 0.0262 and, if smaller, reject only 2166 
this null hypothesis and conclude that corresponding SMBG group is more effective than no testing. 2167 

We will also conduct a contrast test comparing the average of the two SMBG groups to the no-SMBG group at the 0.05 2168 
level. 2169 
 2170 
As described in Section 5, we will conduct two sensitivity analyses to investigate sensitivity of our conclusions to 2171 
certain data handling conventions.  First, we will repeat the ANCOVA model using a linear mixed model that 2172 
incorporates all observed A1c values, including those collected passively at interim clinical visits.  This model will 2173 
include fixed effects for time-since-randomization and time-by-treatment group interactions, and will include random 2174 
intercepts and slopes for each patient.  Second, we will repeat the primary ANCOVA using LOCF to impute 52-week 2175 
A1c values for all subjects who either  dropped out, initiated insulin, or became pregnant following randomization. 2176 
 2177 
HRQOL 2178 
The primary analyses of change in HRQOL will use the ITT Population, and will be repeated secondarily using the Per 2179 
Protocol Population.  The physical and mental subscales of the SF-36 will be scored by the Sheps data management 2180 
team using software provided by the scale developer, and the scores will be included in the dataset supplied to the 2181 
statistician.  Similar ANCOVA models to those described above will compare change in SF-36 physical and mental 2182 
component scores between groups, controlling for the same baseline variables as for A1c in addition to the baseline 2183 
values of the respective subscales.  Because we are examining two aspects of HRQOL (physical and mental), we will 2184 
apply a Bonferroni correction and assess each comparison at the 0.025 level. However, we will not adjust for multiple 2185 
comparisons due to the co-primary endpoints of glycemic control and QOL. 2186 
 2187 
Sub-Objective 1a:  Potential Effect Modifiers 2188 
We will assess the presence of effect modification for the baseline variables corresponding to the pre-specified 2189 
subgroups of interest by adding appropriate interaction terms to the respective ANCOVA models (for each of A1c and 2190 
the physical and mental components of HRQOL) one at a time. Each interaction term will be tested separately at the 2191 
0.05 significance level. Only if the associated interaction term is significant, similar contrasts to those described above 2192 
will be assessed within the relevant subgroups.  The subgroups to be examined in this way are: 2193 

• prior experience using SMBG (any versus none); 2194 
• duration of DM (≤ 1 year prior to study versus > 1 year prior); 2195 
• baseline glycemic control (baseline A1c <8% vs A1c>8%); 2196 
• baseline anti-hyperglycemic treatment (use of secretagogues vs no use); 2197 
• age (< 65 vs. ≥ 65); 2198 
• race/ethnicity (non-Hispanic Caucasian, non-Hispanic African Americans, other); 2199 
• health literacy (<4 vs. ≥4); 2200 
• number of baseline comorbidities (low versus high, separated by the observed median score). 2201 
Analysis of Secondary Outcomes (Objective 2) 2202 

The ITT Population will be used in the primary analysis of all secondary outcomes.  Similar ANCOVA methods to 2203 
those described above for A1c will be used to compare groups on each of the secondary outcomes; for any scale 2204 
measured at baseline, the corresponding ANCOVA will control for baseline value in addition to the variables noted 2205 
above. These tests will each be conducted at the 0.05 significance level with no adjustments for multiple comparisons. 2206 
 2207 
The secondary outcomes will be derived as follows: 2208 
 2209 
DM-Related QOL 2210 
The Problem Areas in Diabetes (PAID) scale will be scored by summing the 20 items and multiplying by 1.25 for a 2211 
resulting score between 0 and 100.  Items with missing responses will be imputed using the mean of non-missing items 2212 
if at least 75% of items are not missing. 2213 
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 2214 
The items on the Diabetes Symptoms Checklist (DSC) will be summed, both separately for each symptom category 2215 
(hyperglycemic [items l, p, w, and ff], hypoglycemic [items h, s, and aa], psychological cognitive [items f, g, ee, and 2216 
gg], psychological-fatigue [items a, d, q, and t], cardiovascular [items e, m, x, and dd], neurological pain [items b, o, u, 2217 
y], neurological-sensory [items c, i, k, z, cc, and hh], and ophthalmologic [items j, n, r, v, and bb]) and overall.  2218 
Symptoms that are indicated to have not occurred will be scored a 0, as implied in the original paper2.  For each 2219 
symptom category, items with missing responses will be imputed using the mean of non-missing items if at least 75% of 2220 
items are not missing. 2221 
 2222 
DM Self-Care 2223 
The average of the items on the Summary of Diabetes Self Care Activities (SDCA) scales will be computed, both 2224 
separately for each set of activities (diet, exercise, blood sugar testing, and foot care) as well as overall.  3 2225 
 2226 
DM Treatment Satisfaction 2227 
The sum of the items on the Diabetes Treatment Satisfaction Questionnaire (DTSQ) will be computed.  Items with 2228 
missing responses will be imputed using the mean of non-missing items if at least 75% of items are not missing. 2229 
 2230 
DM Self-Efficacy 2231 
The average of the items on the Diabetes Empowerment Scale Short Form (DES-SF) will be computed.  Items with 2232 
missing responses will be imputed using the mean of non-missing items if at least 75% of items are not missing. 2233 
 2234 
Patient-Provider Communication 2235 
The average of the items on the Communication Assessment Tool (CAT) will be computed.  Items with missing 2236 
responses will be imputed using the mean of non-missing items if at least 75% of items are not missing. 2237 
 2238 
Hypoglycemia Frequency 2239 
For the ITT population, we will descriptively compare the self-reported frequency (captured at 52 weeks) of severe 2240 
hypoglycemia across all three arms.  Additionally, for the SMBG groups only (Groups 2 and 3), downloaded SMBG 2241 
values will be graded according to severity as Grade 1 (SMBG <70 mg/dl) or Grade 2 (SMBG<50 mg/dl).  The 2242 
frequency of these events relative to the number of tests will be descriptively compared between the two arms. 2243 
 2244 
Health Care Utilization 2245 
Patient reported frequency of visits to primary care provider, urgent care clinic, Emergency room, overnight 2246 
hospitalizations, and EMS calls during the study year will be descriptively compared across the 3 groups. 2247 
 2248 
Additionally, we will summarize use of glycaemia medications at baseline and 52 weeks, both overall and by group, and 2249 
will descriptively compare change in medication use from baseline to 52 weeks between groups, except for use of 2250 
insulin.  We will compare groups for initiating use of insulin by calculating differences between groups, along with 95% 2251 
confidence intervals, in participants who initiate insulin during the study. 2252 
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2 Revised 04/28/2016 after reviewing the original paper in preparation for the final analysis. Original SAP indicated that 
these would be scored “same as for symptoms that occurred but were ‘not at all’ troublesome. 
3 Updated 5/3/2016. Deleted sentence about imputing missing responses with mean of non-missing items for this scale 
since that would not apply to the subscales. 


