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ABSTRACT 

 Efficiently identifying individuals at high risk of diabetes is a priority for examining 

implementation methods to increase access, reach, and scalability of diabetes prevention 

programs (DPPs). The purpose of this study was to assess the ability of point of care (POC) 

device to identify participants with prediabetes for inclusion in an RCT designed to test the 

impact a digital DPP platform on body weight and HbA1c. Initially, participants were 

screened for evidence of impaired glucose metabolism via POC device. However, 

preliminary analyses discovered lack of correspondence between POC and lab assay 

methods to assess HbA1c leading to changes in the screening protocol. Analyses revealed 

that 116 randomized participants had a lab assay HbA1c outside of the eligibility criterion.  

Additionally, the sample obtained via POC screening (pre-amendment) had significantly 

lower mean HbA1c as compared to the sample screened using lab assay (post-amendment).  

The post-amendment sample was significantly older, but had lower blood pressure and 

body weight than the pre-amendment sample.  Rate of recruitment was not affected by the 

change in screening protocol.  The results of the present study indicate that use of POC to 

identify a prediabetic sample may be problematic; however, future research with higher 

quality POC device is warranted. 
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INTRODUCTION 

Background  

Type 2 diabetes mellitus (T2DM) is currently an epidemic in the United States.  Of 

the 2 major subsets of this disease, type 2 accounts for approximately 90-95% of cases. As 

of 2015, there were an estimated 30.3 million individuals living with diabetes, 

approximately 10% of the US population (ADA, 2019). Of those, 23.1 million had been 

formally diagnosed by a medical professional, while another estimated 7.2 million were 

classified as undiagnosed (ADA, 2019). Unfortunately, almost a quarter of US adults 

effected by diabetes do not know that they have the disease. Although diabetes is becoming 

more prevalent in younger populations, approximately half of cases affect middle to older 

aged adults (Castro Sweet et al., 2018; CDC, 2017). Further, it is a condition that 

disproportionately affects minority groups and those of lower education and 

socioeconomic status. However, numbers are similar among men and women (CDC, 2017). 

In 2015, approximately 1.5 million new cases were diagnosed, which translates to almost 

7 individuals per every 1000 (CDC, 2017). 

Perhaps even more disconcerting is the number of US adults currently affected by 

prediabetes: A condition characterized by elevated blood glucose levels not yet high 

enough to be considered diabetic. In 2015, 84.1 million US citizens were classified as 

prediabetic, which translates to approximately 34% of the US population. Of those 

individuals, only 11.6 % had been told by a medical professional that they were classified 

as prediabetic. Further, this is a condition that is greatly influenced by age. Almost half of 

all US adults 65 years and older fall within prediabetic ranges. If these trends continue, it 

is projected that by the year 2050, 1 in every 3 individuals will be considered diabetic 

(CDC, 2017; Lanza et al., 2019).  
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 Furthermore, diabetes is associated with widespread metabolic dysfunction, leading 

to serious complications. Typically, individuals with diabetes are at an increased risk for 

development of comorbid conditions such as cardiovascular disease, dyslipidemia, and 

hypertension. Diabetes also results in a series of common complications including 

neuropathy, nephropathy, and retinopathy. These individuals are also at an increased risk 

for stroke, myocardial infarction and amputation. Finally, some diabetics may experience 

the effects of diabetic ketoacidosis, a common diabetic complication (CDC, 2017).  

 Type 2 diabetes is associated with lifestyle related risk factors (CDC, 2017). Factors 

such as obesity and sedentary behaviors are strongly related to development of diabetes 

(CDC, 2017). Further, individuals who have elevated visceral adiposity are at an increased 

risk, as abdominal fat tends to be indicative of disease risk. Furthermore, smoking tends to 

increase disease risk. Common comorbid conditions such as hypertension and dyslipidemia 

also show increased risk for diabetes development, as these conditions tend to cluster 

together. Finally, personal and family history play a role in diabetes development. Females 

who have a history of gestational diabetes show an increased risk for the development of 

type 2 diabetes later in life, as well as high birth weights (CDC, 2017).  

 Additionally, diabetes is more than just physiologically taxing on the body. It is a 

condition that carries a substantial financial burden. In 2012, the United States spent $245 

billion on diabetes alone, translating to 1 of every 5 health care dollars spent (Schnell et 

al., 2016). Of that cost, $176 billion were attributed to direct medical cost for items like 

diabetic supplies, prescriptions and overall care. Further, another $69 billion indirect cost 

were associated with loss of productivity and increased absenteeism (CDC, 2017). This 

cost has continued to increase as shown by updated stats from the American Diabetes 
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Association (ADA). In 2017, the total cost of diabetes rose to $327 billion, a 26% increase 

from the previous estimate (ADA, 2018; Lanza et al., 2019). Again, direct medical costs 

were the largest associated expense at a total of $237 billon. The largest proponents of this 

cost came from inpatient hospital care and diabetic prescription, totaling a combined 60%. 

Further, indirect medical costs rose to $90 billion (ADA, 2018; Lanza et al., 2019). 

However, this disease is also a financial burden at the individual level. In 2012, it was 

projected that diabetic individuals spend almost $14,000 per year on medical care. Of that, 

close to $8,000 were directly attributed to diabetes. As of 2017, cost projections rose to 

almost $17,000 per year, for diabetic care (Lanza et al., 2019). On average, diabetic 

expenditures are 2.3xs that of non-diabetic individuals (CDC, 2017). 

 Finally, diabetes carries a high risk for mortality, similar to other chronic diseases. 

It was categorized as the 7th leading cause of death in 2015 (CDC, 2017). On almost 80,000 

death certificates, diabetes was listed as the leading cause of death. Additionally, this 

condition was considered any cause of death on another 252,806 death certificates (CDC, 

2017).While a study by Sloan et al. (2008) did show a decrease in mortality of 8.3 % in 

diabetics in comparison to controls, this was not without complication. These individuals 

were more likely to have had at least 1 adverse event in the span of 6 years and were more 

likely to develop heart failure when compared to controls (diabetics 40%; controls 20%). 

Thus, increasing burden in those suffering from diabetes (Sloan et al., 2008; Vinicor, 

2008).  
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REVIEW OF LITERATURE 

Need for Prevention 

 Although diabetes-associated mortality has decreased in recent years (Sloan et al., 

2008), diabetes prevalence continues to rise.  Moreover, the rise in diabetes prevalence is 

particularly pronounced in ethnic minorities. In individuals over the age of 18, American 

Indians and Alaskan natives are most likely to have diabetes (15.1%), followed closely by 

Black, non-Hispanic (12.7%) and Hispanic individuals (12.1%). In contrast, White, non-

Hispanics are least likely to develop the disease at 7.4%, as a whole (CDC, 2017). Similar 

trends can be seen in children and adolescence age 10-19. American Indians remain at the 

highest risk (46.5%), followed by Black, non-Hispanics (32.6%) and Hispanic individuals 

(18.2%). White, non-Hispanics again have the lowest rates among all demographics (3.2%) 

(CDC, 2017).  However, this risk increases depending upon level of education and 

socioeconomic status, regardless of race or ethnicity (CDC, 2017). The burden of financing 

and providing medical care for persons having diagnosed diabetes is growing rapidly as a 

result of increased prevalence of diagnosed diabetes, decreased mortality, and overall lack 

of improvement in rates of complications in persons with diabetes (Sloan et al., 2008).  

These realities highlight the need for prevention.  

As such, research efforts have shifted focus to testing interventions targeting 

individuals at high risk for diabetes, or prediabetes. Individuals living with prediabetes are 

at an increased risk for developing diabetes, as the condition has an annual conversion rate 

of 5-10%, respectively, and the lifetime risk of a prediabetic developing diabetes is 

approximately 70% (Bergmen, 2013). Moreover, prediabetes affects a disproportionately 

larger number of individuals than diabetes itself. Currently, there are 89 million Americans 
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living with prediabetes, with 90% of effected individuals unaware of their disease status. 

Estimates from the Centers for Disease Control (CDC) from 2009-2012 estimated that 37% 

of adults >20 years of age and 51% of adults >65 years of age were classified as prediabetic, 

based on fasting plasma glucose (FPG) or glycated hemoglobin (HbA1c) (CDC, 2017).  

While these numbers are currently concerning, it is projected that 1 in every 3 individuals 

will be diabetic by the year 2050 (CDC, 2017).  

 Prediabetes is concerning for more than just its annual conversion rate. It also has 

serious pathophysiologic implications, comparable to that of diabetes. Reduced insulin 

sensitivity is a cornerstone of type 2 diabetes, however, reductions in sensitivity have been 

observed in prediabetic individuals, 13 years prior to diabetes onset. However, a sharp 

decrease in sensitivity can be seen 5 years prior to onset. Further, insulin production 

typically remains steady until approximately 3-4 years before diagnosis. A sharp increase 

in compensatory insulin can be observed as the body attempts to counteract this decrease 

in sensitivity (Bergmen, 2013). Autopsy results of prediabetic individuals have also shown 

an approximate 40% decrease in beta cell volume when compared to healthy, non-diabetic 

individuals. These individuals also typically have increased lipolysis, decreased 

suppression of post-prandial glucagon, and increased proinflammatory cytokines 

(Brannick & Dagogo-Jack, 2018). Thus, prediabetes carries physiologic complications that 

require a greater need for prevention.  

Diabetes Prevention Program (DPP)  

 In the late 1990s (1996-1999), the DPP, a double blind randomized controlled trial 

(RCT) was conducted (Knowler et al., 2002). This trial’s main purpose was to assess the 

ability of lifestyle intervention, metformin drug therapy, and placebo to reduce incidence 
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of type 2 diabetes development in prediabetic individuals. In total, 3234 participants were 

randomized, with a primary outcome of diabetes development, assessed annually through 

oral glucose tolerance testing (OGTT) for an average follow up of 3.2 years. It was 

discovered that lifestyle intervention (58%) was more efficacious at reducing incidence of 

diabetes than metformin intervention (31%). Further, at the conclusion of 24 weeks of 

intervention, 51% or participants in the lifestyle group had attained 7% weight loss, with 

74% completing 150 minutes of moderate intensity weekly aerobic activity (Knowler et 

al., 2002). Trends in glycemic change were similar among lifestyle intervention and 

metformin treatment. The results of the DPP have been replicated in several other large 

scale trials in other countries, such as the Diabetes Prevention Study (Tuomilehto et al., 

2001).  Taken together, these studies have demonstrated that lifestyle weight loss programs 

can reduce the incidence of diabetes. 

Although the DPP was a landmark study, it is not without limitations.  The DPP 

lifestyle weight loss intervention was conducted by health professionals on an individual, 

one-one basis and in academic medical centers.  Thus, the DPP is quite expensive ($2641 

for the 2 year intervention; Diabetes Prevention Program Study Group, 2002), inaccessible, 

and well-suited for widespread dissemination and implementation.  As such, numerous 

studies have been conducted to test translations of the DPP implemented in more public 

health friendly contexts. 

DPP Translations – Cost and Scalability  

 Since the initial DPP, many translations have sought to replicate effects in more 

accessible settings at a lower cost. This is an important aspect, as insurance coverage for 

DPP enrollment is often limited. To date, it is estimated that only 30 private insurers offer 
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some form of coverage for DPP participation (ICER, 2016). As of 2016 Medicare began 

to offer DPP coverage to beneficiaries diagnosed with prediabetes for the first time. While 

savings of nearly $2,600 are to be expected through this coverage, care can still be costly 

for this demographic (ADA, 2016). This is concerning as individuals over the age of 65 

are at greatest risk for diabetes.  The original DPP occurred in an in-person setting that 

provided one-on-one coaching throughout the duration of the program (Knowler et al., 

2002) and required trained health care professionals for intervention delivery, which results 

in the high costs. This has led to the development of digital based DPP platforms in recent 

years (ICER, 2016). These formats provide a lower cost alternative to in-person 

intervention, while still providing the same level of support. Digital translations often offer 

flexibility in terms of pace of curriculum, while still providing participant support through 

group based interaction and online health coaching. Programs of this style are encouraging 

as they offer greater scalability to in person alternatives.  

 Moreover, screening is an important aspect of cost control. Currently, most DPPs 

utilize lab assay assessment for program enrollment (Knowler et al., 2002; Katula et al., 

2013; ICER, 2016). However, this measure can be costly and impractical as this requires 

fasting. In a 2003 study by Zhang and colleagues, researchers sought to compare methods 

for diabetes screening based on cost and effectiveness (Zhang et al., 2003). It was 

discovered that HbA1c testing carried the greatest financial burden, followed by OGTT 

and FPG. The lowest cost blood analysis assessed capillary blood glucose (CBG). Cost 

ranged from $176 - $234 per analysis (Zhang et al., 2003). While CBG did offer a lower 

cost alternative to other methodologies, diagnostic accuracy was sacrificed. Both OGTT 

and FPG offer 100% sensitivity and specificity, while CBG only offered 70% sensitivity 
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and 67% specificity (Zhang et al., 2003). Further, the ADA has created a verified, risk 

screener for both prediabetes and type 2 diabetes, in hope to expand the reach of 

preventative efforts (ADA, 2019). This screener is a cost effective screening technique that 

does not require a blood sample. However, this convenience does come at the cost of 

accuracy. Much like CBG, the risk screener has moderate levels of sensitivity (69%) and 

specificity (54%) (Zhang et al., 2003). With the goal of scalability, it is imperative for DPP 

translations to offer diagnostic options that appeal to potential participants. Non-invasive 

measure such as CBG and risk screeners appeal to participants as they are quick and often 

painless in comparison to blood draw alternatives. Thus, there is a need for reliable non-

invasive blood assessments moving forward, to reduce cost and appeal to recruits.  

Due to the success of the DPP and subsequent translational studies, the CDC has 

since recognized the need for diabetes prevention through lifestyle intervention. Thus, the 

National Diabetes Prevention Recognition program was established in 2010, in hope to 

reduce the prevalence of prediabetes and incidence of type 2 diabetes development (CDC, 

2019).  

National Diabetes Prevention Recognition Program (NDPR) 

 Following the success of the DPP, United States Congress created the National 

Diabetes Prevention Recognition Program (NDPRP) to stimulate the development of a 

nationwide network of sustainable diabetes prevention programs. This 2010 initiative 

bridged both public and private programing, in an effort to reduce program cost (CDC, 

2019). By 2011, the CDC began to build a standardized program, utilizing the framework 

from the original DPP. The following year, the CDC awarded grants in order to increase 

nationally recognized sites to offer the program (CDC, 2019). In order to attain CDC 
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recognition, sites have required thresholds that must be met. Nationally recognized DPPs 

should seek utilize blood glucose tests for inclusion, as at least 50% of the sample must 

have confirmed prediabetes through blood measures. Further, programs must last at least 

1 year, with attendance thresholds for the first and last 6 months of participation. Finally, 

participants must be at least 18 years of age and have a BMI ≥ 24 kg/m² (ICER, 2016). 

Importantly, there are numerous methods for establishing glucose metabolism and 

documenting prediabetes or diabetes diagnosis. 

Diagnostic Criteria 

Both the World Health Organization (WHO) and American Diabetes Association 

(ADA) have set forth diagnostic criteria for blood glucose levels and include 3 categories: 

normal, prediabetic, and diabetic. Additionally, there are several ways to measure blood 

glucose status. First, glycated hemoglobin (HbA1c), a relatively stable measure 

representing a 3-month average of blood glucose levels, has recently been recognized by 

the WHO as a diagnostic option (WHO, 2011).  A value <5.7% is considered normal, while 

the prediabetic range is classified as 5.7 – 6.4%, and diabetes mellitus is any measure ≥ 

6.5%. Cut points coincide with increased risk of diabetic complication, specifically effects 

of retinopathy (Bansal, 2015). Another common assessment is impaired fasting glucose 

(IFG). Both ADA and WHO recognize this as a valid measurement, but have a slight 

disagreement in lower threshold. The ADA recognizes a value of 100-125 mg/dL as 

prediabetic, whereas WHO sees values from 110-125 mg/dL as this classification (Bansal, 

2015). However, both organizations are in agreement that numbers falling above the upper 

threshold are to be considered diabetic. Finally, an oral glucose tolerance test (OGTT), may 

be used for diagnosis. Both ADA and WHO recognize values of 140-200 mg/dL following 



7 
 

this test to be classified as diabetic. The current gold standard for diagnosis is the 

performance of IFG or OGTT lab assay on repeated occasion (Grant et al., 2017). However, 

it has been shown that a combination of both IFG and HbA1c improved diagnostic 

prediction (Bergmen, 2013). Further, OGTT are best fit for use in postpartum populations 

(Bergmen, 2013). Thus, several validated diagnostic options are available for the 

measurement of blood glucose.  

HbA1C 

 Glycated hemoglobin is a relatively new measure of diabetic status. It first became 

available in the 1970-80s, when self-glucose monitoring also became reality (Saudek et al., 

2006). However, HbA1c did not become a well-accepted method of glucose monitoring 

until recent years. In 1997, an expert committee recommended against the use of HbA1c 

for diabetes diagnosis (Saudek et al., 2006; NGSP, 2017). Recommendations were 

supported by a lack of standardized assay. By 2003, the National Glycohemoglobin 

Standardization Program (NGSP) had increased standardization of assay, but was still at a 

disadvantage to established diagnostic methods. This program was established in 1996, as 

a result of the Diabetes Control and Complications Trial (DCCT) and United Kingdom 

Prospective Diabetes Program Study (UKPDS), with the intention of improving HbA1c 

assay standardization (NSGP, 2017). Today, approximately 99% of US labs utilize an assay 

certified through the NGSP. By doing so, variation of 4% or less is present across labs. 

This reliability continues to improve (Saudek et al., 2006). Recent updates have shown 

HbA1c to provide less variability than fasting glucose measures, <2% in comparison to 12-

15%. Further, HbA1c provides greater clinical convenience, as patients do not have to fast 

prior to assessment (Saudek et al., 2006) 



8 
 

Definition of HbA1c 

 HbA1c is a preferential method to fasting glucose, as it reflects an approximate 3-

month average of mean blood glucose (Saudek et al., 2006; Nathan et al., 2008). The 

measurement itself is representative of glucose molecules that attach to the N-terminal 

amino group of a hemoglobin. This binding occurs on the beta chain. Further, glycation 

itself occurs at the lysine molecule of this chain. This glycated lysine is what is measured 

to provide an HbA1c value.  There is a direct relationship between HbA1c and mean blood 

glucose due to the lifespan of a red blood cell (RBC). That being said, measurement is 

determined by average blood glucose levels over the proceeding days. Approximately 50% 

of the reading is driven by levels of the current month, while the other half of the reading 

is comprised evenly of the previous 30-60 days and 60-120 days. While this measurement 

does give an overview of average glucose, more recent values carry a greater weight. 

Typically, an HbA1c value of 6.0% can be translated to a plasma glucose value of 

approximately 135 mg/dL. For every 1 unit increase in HbA1c levels, an approximate 35 

mg/dL increase in plasma glucose is to be expected (Saudek et al., 2006).  

Implications of HbA1c 

 The DCCT was one of the first studies to highlight the relation of HbA1c levels and 

diabetic complication. Following a 1.8% reduction in HbA1c following intensive 

intervention, significant decreases in new retinopathy (76%), microalbuminuria (39%) and 

clinical neuropathy (60%) were observed (DCCT research group, 1995). Similarly, the 

UKPDS showed a 25% decrease in macular complication with a 10% reduction in HbA1c 

(Saudek et al., 2006). Another study by Nathan et al., (2008) showed HbA1c to be a good 

indicator of glycemic control. Individuals with better control (lessened variability) and 
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lower HbA1c (below a threshold of 6.5-7%) were at a decreased risk for later diabetic 

complication (Nathan et al., 2008). Thus, HbA1c is a good indicator for risk of diabetic 

complication. This seems to be the case as clear thresholds for the development of 

retinopathy have been established, while those for the onset of the disease itself are not as 

clear-cut (Nathan et al., 2008). Further, HbA1c is a method recommended by the ADA for 

diabetic screening and monitoring (ADA, 2019). This method of measurement has shown 

good agreement with IFG and 2-hour OGTT. An additional study utilizing continuous 

glucose monitoring in comparison to HbA1c measures also showed good agreement 

between average blood glucose and HbA1c level (Nathan et al., 2008).  HbA1c is also less 

variable day to day and allows for increased clinical convenience, as it does not require 

fasting (ADA, 2019). While it should be noted that some variants interfere with HbA1c 

readings, this is usually apparent with readings that do not align with other methods of 

monitoring. In these cases, HbA1c is not recommended (ADA, 2019). Moreover, it is 

important to note that HbA1c is less sensitive than IFG and 2-hour OGTT. While it may 

be utilized in a diagnostic capacity, 2 readings of HbA1c or a reading of HbA1c and other 

form of glucose testing must both fall within elevated glycemic range (ADA, 2019).  

Point of Care Testing  

 Recently, point of care (POC) testing has become a popular method of assessment 

for HbA1c (Panikar et al., 2016; Schnell et al., 2016). It is testing completed at the site of 

patient care, allowing for facilitation of immediate medical decisions (Panikar et al., 2016; 

Schnell et al., 2016). Further, POC testing has been shown to improve patient satisfaction 

and dialogue between the provider and patient (Panikar et al., 2016; Schnell et al., 2016). 

There is also evidence to suggest potential improvement in diabetes management, when 
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compared to traditional lab draw (Schnell et al., 2016). Moreover, POC testing has several 

benefits to traditional lab assay. First, it allows for increased convenience and immediate 

feedback at the time of visit. Lab assays in contrast, usually occur at an alternative site and 

take several days to a week for results to process, requiring follow up visitation. Further, 

research has shown POC testing to improve patient motivation and satisfaction, due to 

timeliness of results and initiation of care plan discussions (Schnell et al., 2016). In addition 

to the clinical applications of POC methods, they can also be used as a screening tool in 

research. In light of the need for fast and efficient recruitment and screening for randomized 

controlled trials of diabetes/prediabetes interventions, POC may be a potentially valuable 

tool for determining inclusion. In the event that an individual passes onsite screening, they 

could be more rapidly scheduled for study baseline and enrollment, rather than waiting for 

lab results. This is an advantageous approach for large randomized controlled trials (RCT), 

particularly trials involving group-based behavioral interventions, such as diabetes 

prevention programs (e.g., Katula et al., 2013), where recruitment rate is critical to the 

conduct of the trial. Further, POC testing has been shown to be a more cost effective 

method than traditional lab assay, making it an advantageous option for both clinical sites 

and research settings (Paknikar et al., 2016, Shnell et al., 2016).  

 While POC testing does provide several benefits, it is not without confounders or 

sources of error. First, is the failure of proper calibration of monitor. While POC monitors 

may be certified, certification and regular calibration is not always mandated like that of a 

standard lab draw. Thus, leading to increased potential of diagnostic error (Shnell et al., 

2016). Second, factors like poor handwashing prior to fingerstick, dirty meters, and 

improper storage of testing strips can alter results.  Importantly, research has found that 
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POC testing is often more sensitive to factors like ingestion of certain drugs and 

hemoglobin variants, than standard lab assay (Saudek at al., 2006). Individuals taking 

ascorbic acid or vitamin E may have reductions in HbA1c due to inhibition of glycation 

(Saudek at al., 2006). Acetaminophen, dopamine, and mannitol have also been show to 

effect readings, typically causing an increase in glucose levels (Tang et al., 2000; Saudek 

et al., 2006). Moreover, there are more than 700 hemoglobin variants than have caused 

reports of clinical error (Saudek et al., 2006). Finally, several conditions have been shown 

to result in relatively lower HbA1c readings including kidney and liver diseases, hemolytic 

anemia, and recovery from blood loss, which can be seen in both POC device and lab assay 

methodology (Saudek et al., 2006). The same can also be said for pregnant individuals, as 

they usually exhibit lower readings due to a shorter RBC lifespan. This has sparked some 

debate as to whether pregnant individuals should have a lower HbA1c limit. In contrast, 

iron deficient anemia tends to lead to increases in HbA1c (Saudek et al., 2006). Therefore, 

although POC techniques offer benefits in terms convenience, efficiency, costs, and patient 

satisfaction, evidence suggests that they are not as precise and reliable as blood assays 

(Nathan et al., 2008). Further, only recently have a few POC monitors been approved by 

the FDA for clinical use. Evidence also suggests that performance varies device to device, 

so it is imperative to compare systems independently prior to use. As such, discussion of 

the standardization and certification process is important when evaluating the use of POCs. 

 To date, POC device use has been limited in DPP work. Most prominent studies 

utilize lab assay to assess OGTT or IFG as eligibility criteria (Pan et al., 1997; DPP 

Research Group, 2002; Lindström et al., 2003; Katula et al., 2013). However, one 

community based study by Vanderwood and collegues (2015) did utilize non-invasive 
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measures of inclusion to a diabetes prevention translation (Vanderwood et al., 2015). While 

study methods of inclusion were not limited to POC, researchers did highlight the 

importance of low cost methods of inclusion to community-based trials, highlighting this 

as a strength for POC device. 

NGSP Certification  

The NGSP has certified several POC devices for clinical use. Certification is 

required annually to ensure continued accuracy. In order to pass certification requirements, 

POC devices are tested against a lab assay control in 40 samples. HbA1c samples range 

from 4-10%, with a majority falling within the 6% range (37 of 40). In order to pass 

certification, it is recommended that assay have a sample bias of < 0.2 and a coefficient of 

variation of < 3% (CV). However, a CV of < 2 % is preferred. Stringent guidelines have 

led to recommendations by the ADA of acceptable POC measures. It is recommended that 

labs only utilize assay methods that fall under NGSP certification, for most reliable 

measures (Whitely et al., 2015).   

Evaluations of POC devices  

 Although POC testing is a growing market in the clinical health care realm, few 

studies have systematically examined the reliability and validity of POC devices compared 

to lab assay. Whitely et al. (2015) compared the accuracy, precision and ease of use of 3 

popular POC devices: the A1cNow (Bayer), Afinion (Axis-Shield) and DCA Vantage 

(Siemens). The A1cNow and Siemens DCA Vantage both utilize immunobinding assay to 

measure glycated hemoglobin. The Afinion device utilized borate affinity chromatography 

as a measurement technique. Researchers assessed CV and bias via NGSP guidelines. A 
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total of 40 samples were assessed, with reference to secondary lab assay. Results showed 

a higher than preferred mean bias and CV for the A1cNow device (low range – bias: 0.35, 

CV: 4.6%; mid-range – bias: 0.44, CV: 5.5%; high range – bias: 0.62, CV: 5.7%), which 

showed to read very high for all measures and categories. The Afinion showed better 

accuracy at low ranges and better precision at high ranges (low range – bias: 0.05, CV: 

2.8%; mid-range – 0.1, CV: 3.1%; high range – bias: 0.41, CV: 2.4%). In contrast, the DCA 

Vantage was more precise at lower ranges, with better accuracy for higher values (low 

range: bias: 0.09, CV: 2.3%; mid-range – bias: 0.09, CV: 2.3%; mid-range – bias: 0.11, 

CV 2.5%; high range – bias: 0.21, CV: 2.7). This device was within range for all CV for 

all HbA1c levels. Bias for the DCA Vantage also performed well, with the exception of 

the 8.01-8.09 range. However, bias was only slightly elevated at 0.21. The Afinion 

performed well in both high and low ranges, but had a slightly elevated midrange CV of 

3.1%. Low and midrange samples had exceptional bias scores, but highly elevated 8.01-

8.09 bias of 0.41. In contrast, the A1cNow device was high for all measures and categories 

(Whitley et al., 2015).  

Similarly, Panikar et al. (2015) assessed POC devices in real world clinic settings 

in comparison to central lab techniques over the course of 3 years. Researchers used the 

Afinion borate affinity assay and DCA Vantage immunoassay as their POC devices of 

choice. Comparisons were made to the Tosoh G8 and BioRad Variant II ion exchange, 

high performance liquid chromatography (HPLC) as central lab techniques. Random 

samples from consenting patients were utilized for testing. Results were encouraging, as 

all POC ranges fell within that of quality assurance (bias < 0.2; CV < 3%). There was also 

a high correlation between POC and lab assay values; however, these methods were not 
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free from differences. On average, BioRad readings were 0.1-0.4% higher than those 

measured by the Afinion. Further, DCA Vantage results were typically higher than that of 

the Afinion, with exception of the last 6 months of the study. Both POC devices provided 

lower HbA1c values than Tosoh. When assessing bias, for low to midrange samples, the 

Afinion was always within 0.1% of NGSP values. This was slightly elevated for high 

samples at 0.4%. In contrast, bias for the DCA Vantage varied at midrange from 0.15% 

lower to 0.25% higher to NGSP. This bias was not limited to POC. Tosoh lab assay method 

was shown to have elevated bias across all ranges, up to 0.4%. BioRad was also elevated 

across all ranges, as much as 0.25% (Panikar et al., 2016). In a study conducted by Swartz 

et al. (2009) POC devices were compared to lab assay values in 5 Detroit area family 

medical centers. The purpose of this study was to test the feasibility of POC use in an 

urgent care setting. Random HbA1c samples from consenting patients were taken as part 

of routine care. A finger stick was performed for use of the A1c Now device, while a 

venous sample was collected and analyzed off site via lab assay, per usual. A total of 99 

paired samples were assessed. Results revealed a significant correlation between the two 

methodologies (Pearson r = 0.884; p < 0.001). The mean HbA1c for lab assay was 7.53%, 

while mean POC HbA1c was a slightly lower 7.38%. Further, sensitivity at the 7% 

threshold for POC device was 81.8%, with a specificity of 93.2%. That being said, the 

approximate false negative of 18% was concerning to researchers, as these individuals 

would be lacking necessary care (Swartz et al., 2009).  

 Additionally, a series of studies were completed by Lenters-Westra and colleagues 

(2014; 2018) to compare various POC devices to lab assay measures. In a 2014 study, this 

group assessed 7 POC devices and their ability to pass NGSP standards. Of those devices 
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tested, only the B-analyst, DCA vantage and Afinion had ≥ 37 of 40 samples within 6% 

HbA1c and a bias of ≤ 0.2. Moreover, the B-analyst and Afinion had a CV of ≤ 3%. The 

DCA vantage also performed well, but had slightly elevated values. The Quo-Lab, Quo-

Test, InnovaStar, and Cobas B101 POC devices that were also tested all showed significant 

bias (Lenters-Westra & Singerland, 2014). The same group conducted a similar study in 

2018, assessing 4 POC devices in comparison to standardized protocols and NGSP 

reference. In this study, the Afinion and Quo-Lab performed well. Both devises had CV 

within range and passed all NGSP certifications. The Afinion had all bias measures within 

≤ 0.2, while the Quo-Lab had one elevated measure of 0.22. Of the other two devices tested, 

the HbA1c 501 had a slightly elevated CV and failed the NGSP certification by 1 reading. 

However, for a new device on the market, it performed relatively well. In contrast, the 

A1Care failed all tests and certifications, showing it was not fit for use (Lenters-Westra & 

English, 2018).  

 In a study by Zhou and colleagues (2017), researchers compared the A1c EZ 2.0 to 

Tosoh ion-exchange HPLC lab assay. They assessed accuracy, precision, sensitivity and 

specificity. Accuracy was assessed using 40 anticoagulated venous samples, measured 

twice by both devices. A majority of samples ranged from 4-6% (20 total), while the 

remaining samples were evenly split from 8-10% (10 total), and <10% (10 total). Precision 

was assessed via 2 quality assurance samples at a low (5.4%) and high (11.9%) threshold. 

Samples were tested in the morning and afternoon. Finally, sensitivity and specificity was 

measured in a case controlled study of 460 participants, evenly split between diabetic cases 

and normal controls. Male and female participants were equally distributed within the 

sample. Diabetes was defined utilizing ADA guidelines of HbA1c ≥ 6.5% and prediabetes 
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was classified as a HbA1c range from 5.7-6.4% via Tosoh. Diabetic cases were randomly 

selected to compare venous blood values to POC capillary tested blood. In total, 30 samples 

ranged from 4-6%, 30 from 6-8%, and 12 from 8-10%. Results showed high accuracy and 

precision, with reasonable linearity when comparing POC to lab assay. At low values, POC 

CV was shown to be 1.3% and 2.7%, both within recommended limits. Bias was also within 

acceptable range of 0.2. When sampling high, CV remained consistent at 1.3% and 2.7%, 

but had a slightly elevated bias at 0.3. When assessing sensitivity and specificity, specific 

values were given for an HbA1c measurement of 6.14%. At this level, sensitivity was 

shown to be 94.7%, while specificity was 81.1%. A higher sensitivity was measured at 

lower HbA1c values then dramatically decreased with increasing HbA1c readings. 

However, specificity showed the opposite effect, increasing with rising values. Further, 

there was no significant difference in values measured via venous or capillary blood. Thus, 

the A1c EZ 2.0 offered convenient and comparable results for clinical use (Zhou et al., 

2017).  

 Taken together, the studies examining the accuracy, precision, and potential for 

clinical use of various POC devices have mixed results, leading to a need for further 

research and improvement in POC device. However, the data suggest some potential 

benefits and clinical implications of POC testing. As a whole, literature has called for better 

calibration and standardization of POC devices (Saudek et al., 2006; Bruns & Boyd, 2010; 

Panikar et al., 2016; Lenters-Westra & Singerland, 2014; Lenters-Westra & English, 2018; 

Schnell et al., 2016, Criel et al., 2016).  It has been suggested that aside from utilization of 

NGSP certification, trained lab associates should perform POC testing prior to 

consideration for diagnostic purposes. It is thought that by making guidelines more 
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stringent, accuracy and precision of device usage will improve (Grant et al., 2017). 

However, over a 6 year time span, POC quality was shown to improve 60-90%. In that 

same time span, comparability to lab assay also improved from 54-84% (Shnell et al., 

2016). It is thought that improvement may be due in part to the expansion of literature and 

device review currently in the forefront of the field. Independent reviews have lead to a 

promising wakeup call for improved calibration from manufacturers (Lentrers-Westra & 

English, 2018).  Improvements aside, it is still universally suggested that POC devices are 

insufficient for clinical diabetes diagnosis (Criel et al., 2016; Shnell et al., 2016; Bruns & 

Boyd, 2010).  

Importantly, however, POC devices have shown to be positive for improving 

patient satisfaction and treatment adherence. Researchers showed a 52% greater likelihood 

of pharmacological intervention and improved disease management when using POC 

device (Whitley et al., 2015). Similarly, another study found that while approximately 50-

60% of diabetic patients had HbA1c levels above target and were not adherent to their care 

plan. The use of POC testing improved patient satisfaction, dialogue between the care 

provider and patient, and overall better glycemic control (Shnell et al., 2016). POC testing 

has also been praised for its lower cost in comparison to lab assay. While results should 

always be compared to lab standards, POC testing provides low cost and efficient results 

to initiate a clinical conversation (Swartz et al., 2009; Grant et al., 2017). Thus, POC testing 

may be a useful tool for patient monitoring, as manufacturers take steps toward better 

device calibration for future diagnostic use (Schnell et al., 2016; Panikar et al., 2016; 

Whitley et al., 2015). These devices may also be useful in the early detection of prediabetes 

or diabetes, as an early means of HbA1c measurement. Although results should always be 
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confirmed via fasting glucose measures and lab assay HbA1c, POC may be a helpful tool 

in early care of these conditions (Schnell et al., 2016; Panikar et al., 2016; Grant et al., 

2017) Therefore, POC devices seem promising for use in clinical care settings, but are not 

yet recommended for diagnostic use.  

 While POC testing seems to be effective for use in a clinical setting for quickly and 

efficiently identifying individuals at high risk for diabetes, little is known about its 

implications for use in an RCT setting. In light of the importance of identifying individuals 

at high risk for diabetes for trials testing behavioral interventions, it is important to 

determine the efficacy of POC use for rapid, onsite identification of prediabetic individuals. 

Are POC devices appropriate for this task?  

The current study 

The purpose of this study was to examine the use of a POC device to identify 

research volunteers with prediabetes for inclusion in a randomized controlled trial testing 

an online diabetes prevention program (The Preventing Diabetes through Internet 

Coaching for Translatability and Scalability Study; PREDICTS).  The primary outcomes 

of PREDICTS are change in body weight and HbA1c.  The PREDICTS screening 

procedures involved utilizing a POC device to determine prediabetes status, defined as 

5.7% ≤ HbA1c ≤ 6.4%. Approximately 7 months into recruitment, data monitoring 

analyses discovered that numerous randomized participants had baseline HbA1c values 

outside of the prediabetic range as determined through blood assays (114 participants too 

low, 2 participants too high).  Therefore, the study was not recruiting the target population 

and the validity of the study may have been jeopardized.  In consultation with the 

independent Data, Safety, and Monitoring Board (DSMB) the study changed the screening 
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protocol and began using a blood assay to assess HbA1c and determine prediabetes status.  

Thus, the purpose of this study was to examine the impact of the use of the POC device 

during the screening process on the conduct of the study.  This study explored a) the 

relationship between HbA1c values assessed via POC and lab assay, b) the demographic 

and biometric characteristics of the samples recruited pre and post protocol change, c) the 

rate of recruitment pre and post protocol change.   
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Methods 

Inclusion/Exclusion Criteria 

Eligibility criteria were chosen to recruit a sample of adults with prediabetes.  

Inclusion criteria included a) man or women over the age of 19 years old, b) HbA1c from 

5.7-6.4%, c) planning to reside in the recruitment area for the next 12 months, d) 

overweight, with a body mass index (BMI) of ≥ 25 kg/m², e) were medically stable, f) had 

ability to consent, g) were willing to use email, and h) willing to accept randomization to 

treatment. Exclusion criteria included being a) diagnosed with Type 1 or 2 diabetes, b) 

diagnosed heart or lung condition, c) diagnosis of Alzheimer’s or dementia, d) taking oral 

hypoglycemic or medications that affect weight, e) participation in a simultaneous research 

intervention, f) on a medically prescribed diet, g) inability to engage in physical activity 

(PA), h) bariatric surgery within the past 3 years or next 12 months, i) those with mental 

health conditions that would affect full participation, j) those on active dialysis or transplant 

list,  k) self reported as currently pregnant, 6 weeks postpartum, or plans to become 

pregnant within the next 12 months, l) those with cancer within the last year (except skin), 

m) untreated thyroid disease, and n) unwillingness to accept assignment or compliance.  

Recruiting occurred over a 15 month period. In addition to the above eligibility 

criteria, PREDICTS also sought recruitment goals of a) ≥ 20% of participants over the age 

of 65 was selected, due to the higher likelihood of Type 2 diabetes development; b) 7% 

ethnic minority was also desired, in order to mirror local population distribution; and c) 

50% female. To achieve the statistical power to detect the expected 0.2% difference in 

HbA1c resulting from the intervention, it was estimated that a sample size of 193 
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participants was needed in each randomized group. PREDICTS also assumed  attrition of 

approximately 20% at 12 month follow up, thus the target sample was 482 participants.  

Recruitment Procedures 

PREDICTS recruited participants from University of Nebraska Medical Center, via 

electronic medical record (EMR) review. Potential participant identifiers included ICD-10 

codes. Included codes were a) prediabetes, b) glucose intolerance, c) hyperinsulinemia, d) 

metabolic syndrome, and e) abnormal weight. Excluded codes were a) diabetes, b) 

underlying cardiac or pulmonary disease, c) Alzheimer’s disease or dementia, d) dialysis, 

e) current cancer treatment, and f) organ transplant list. From this list of potential 

participants, PREDICTS notified Nebraska Medicine physicians that their patients were 

identified as eligible participants for the study.  An initial invitation to eligible participants 

was sent via mail with an opt out card enclosed. If opt out was not received by the research 

team, study recruiters contacted participants via telephone and began the screening process. 

During this telephone contact individuals were familiarized with the key points of the study 

and asked for verbal consent to engage in the phone screening process. Once consent was 

established, researchers assessed initial eligibility and patients’ interest in participation. 

Interested patients provided full information of an alternative person of contact in the event 

that contact was lost between the study staff and participants.  Participants were then 

scheduled for an in-person screening visit and mailed an information packet prior to date 

of screening. The packet included instructions for their screening visit and informed 

consent.  
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Screening and Baseline Visits 

Initially, screening was done in person to establish HbA1c eligibility using a point 

of care (POC) fingerstick device (A1cNow+, Bayer).  Persons with a measure between 5.7 

and 6.4% were eligible to participate. Since HbA1c is a well-established important 

indicator of glucose metabolism, it was included as an outcome variable and also assessed 

at baseline via blood draw lab assay. All measurements were completed by a clinical 

research nurse (CRN).  However, preliminary analyses conducted for the initial Data Safety 

and Monitoring Board (DSMB) review indicated that a significant number of randomized 

participants had baseline HbA1c levels (as assessed by lab assay) outside of the prediabetes 

range (5.7-6.4%).  Thus, it appeared that the HbA1c values assessed by the POC device 

had little correspondence with the lab assay, blood draws taken at baseline.  This issue 

prompted a change in protocol whereby the screening procedures involving POC 

measurements of HbA1c to determine eligibility was eliminated. Instead, HbA1c eligibility 

was determined by lab assay measurements conducted by clinical research nurses (CRN) 

and analyzed by Nebraska Medicine’s central diagnostic laboratory. Thus, blood draws 

were conducted during the screening visit to determine eligibility.  All lab assay results had 

a turn around time of approximately 24 hours, after which eligible participants were 

contacted and scheduled for their baseline visit.  Participants randomized prior to this 

protocol amendment are categorized as “pre-amendment” and participants randomized 

following the protocol change are categorized as “post-amendment.” 

Baseline visits were scheduled promptly, typically within 7 or less days of initial 

screening visit. At this visit, height, weight, and waist circumference were assessed. 

Participants also engaged a series of online survey assessments. Following completion of 
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baseline visit, participants were randomized into the Omada Health Program or control 

group, via randomization table. Individuals in the Omada arm were required to complete 

several enrollment forms and set up an account prior to leaving their baseline session. Upon 

completion of baseline visit, all participants were awarded a $25 gift card incentive.  

Measures  

Demographics:  Following completion of informed consent, participant 

demographics were collected via self report survey. Demographics included age, sex, race, 

level of education, employment status, occupation type, level of income, type of health 

insurance, household size, number of children in household and marital status. Participants 

also provided additional contact information for two reliable contacts in event the 

participant could not be reached.  

Point of Care HbA1c: To assess initial HbA1c eligibility, a fingerstick blood sample 

of 5 μl was collected by research assistant or clinical research nurse. Samples were tested 

using the A1c Now+ (Bayer).  

Blood Draw: Following these tasks, a non-fasting blood sample was collected 

intravenously by a trained phlebotomist. A whole blood sample of 1 mL was utilized to 

assess HbA1c via lab assay. Borate affinity binding was utilized to detect glycation. This 

method has a CV of < 2% and r² = 0.9958. A standard lipid panel was also completed 

utilizing 0.5 mL of blood serum.  

Biometrics:  Resting blood pressure and heart rate were also assessed. Researchers 

utilized either an automated blood pressure monitor or manually completed this task. 

Height and weight were objectively measured with a calibrated stadiometer (213 Portable 
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Stadiometer, SECA) and medical grade scale (349KLX Digital Scale, Health O Meter). 

Participants removed shoes for both assessments. Height and weight measurements were 

utilized to calculate BMI. Waist circumference was assessed at the level of the iliac crest. 

A spring-loaded tape measure was used to assess waist circumference.  Two measurements 

were taken, if within 0.25 inches of one another. In the event that measurements were not 

within range, a third measurement was taken. The closest measures were averaged together 

and recorded. Participants also completed a health literacy assessment. A 6-item nutrition 

label was utilized for this assessment.  

Self-report measures:  Upon completion of physical measures, participants 

completed a variety of self-report questionnaires. Assessments included the WHO-5 Well 

Being index, the 4-item Cohen Perceived Stress scale, and the 3-Item UCLA Loneliness 

scale to assess overall psychological health and well-being. For participants who were 

employed, the 6-item Stanford Presenteeism Scale and WHO Health and Work 

Performance questionnaire were utilized to assess on the job presence. Self-efficacy, social 

support, and satisfaction with physical function were assessed using common measures. 

PA was measured using the 4-item Godin-Shepard Leisure Time Exercise Questionnaire, 

to assess typical activity in a week. Dietary behaviors were also assessed, using a scale 

specific to diabetes self-management. Participants addressed their history of smoking, as 

well as sleep quality in this visit, via self-report questionnaire. Further, participants 

completed a 10 year cardiovascular disease risk assessment and health history inventory. 

Relatedly, the 8-item Morisky Medication Adherence scale was used to assess participant 

medication practices. Finally, a health care utilization survey was administered to 

participants. All assessments completed at baseline were completed again at 4 and 12 
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month follow up visits. Additionally, all participants completed a relevant health events 

survey, to assess any new diagnosis of disease. Those randomized to the intervention group 

will also complete a satisfaction survey with the program at these check points.  

Randomization  

Upon completion of eligibility screening and baseline measurements, participant 

data was entered for randomization. Study eligibility was time sensitive and had to be 

completed within 60 days of initial phone screening and 45 days of clinical measure 

assessment. Prior to randomization, all necessary data (i.e. age, blood pressure, HbA1c, 

etc.) were entered into a program to assess final eligibility. In the event that eligibility was 

not confirmed, all information was checked for error and eligibility was re-run. If 

unsuccessful, study staff assessed reason for ineligibility. For temporary circumstances, 

participants had the opportunity to be rescreened and randomized at a later date. If 

eligibility was successful, participants were randomized into 1 of 2 conditions; the Omada 

program or standard care. All randomization occurred in stratified blocks to ensure balance 

of study arm size, gender, and age distribution.  

Data Analyses 

Preliminary data monitoring analyses in June 2018 revealed that 116 out of 254 

(46%) randomized participants at the time had HbA1c values out of our eligibility range 

(5.7% - 6.4%).  As noted previously, this necessitated a change in screening protocol and 

IRB amendment such that the study would no longer use the POC device to assess HbA1c 

for screening. The new protocol involved conducting a blood draw to assess HbA1c for 

screening.  This HbA1c value also served as the baseline assessment for the eligible 
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participants.  Thus, the present study has essentially 2 samples: those screened pre-protocol 

change and those screen post-protocol change. 

This study explored the impact of using a POC device for HbA1c measurement to 

screen for RCT eligibility. Specifically, we were interested in potential differences in 

sample demographics pre to post-protocol change, HbA1c levels assessed via POC and lab 

assay, as well as rate of recruitment. We reported sample demographics as frequencies for 

total sample, pre-amendment and post-amendment. Specifically, we assessed age, sex, 

race, level of education, and marital status. We tested demographic sample differences pre 

to post-amendment using independent samples t-tests. Differences in HbA1c pre to post-

amendment change, POC to lab assay, and in versus out of eligibility range blood draws 

were also assessed via independent samples t-tests and effect sizes (Cohen’s d.). We 

quantified the relationship between POC assessed HbA1c and lab assay assessed HbA1c 

with a Pearson correlation.  Calculation of recruitment rate consisted of weekly recruitment 

averaged pre to post-protocol change.   
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RESULTS 

Demographics  

 Table I. reports sample demographics, while Table II. reports baseline health data. 

Both tables are reported as total sample, pre-amendment sample, and post-amendment 

sample. All samples were predominately female (total, 61.4%; pre, 55.1%; post, 66.1%), 

white (total, 90.5%; pre, 92.1%; post, 89.3%), and married or living with someone (total, 

69.8%; pre, 66.9%; post, 71.9%). The sample was relatively educated, with a majority of 

individuals attending some college or beyond (total, 82.8%; pre, 79.1%; post, 85.5%). 

Further, half of all participants were employed full time, with a nearly 91% of all 

participants being non-smokers. When comparing only pre to post-amendment samples, 

the pre-amendment sample (53.09 ± 13.63) appears slightly younger than the post-

amendment sample (56.3 ± 11.82). Further, the pre-amendment sample had slightly higher 

systolic (pre, 128.85 ± 14.41; post, 125.26 ± 11.2) and diastolic blood pressure (pre, 81.94 

± 9.38; post, 76.26 ± 8.87), BMI (pre, 36.37 ± 6.26; post, 35.37 ± 6.40), body weight (pre, 

232.48 ± 44.25; post, 222.59 ± 47.39) and waist circumference (pre, 118.16 ± 13.14; post, 

112.51 ± 15.10). The pre-amendment sample however, had lower HbA1c than the post-

amendment sample (pre 5.71 ± 0.34; post, 5.90 ± 0.20).  Mean differences between these 

measures for pre to post-amendment are located in table III. Statistically significant 

differences were detected between pre and post-amendment groups for sample age, systolic 

blood pressure, diastolic blood pressure, weight, waist circumference, and HbA1c.  
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Table I. Descriptive Statistics for Total, Pre and Post-Amendment Samples 

Description N (%) or Mean (SD) 

 Total 

Sample 

Pre-

Amendment 

Post-

Amendment 

Age 54.94 (12.71) 53.09 (13.63) 56.30 (11.82) 

Sex    

     Female 368 (61.4%) 140 (55.1%) 228 (66.1%) 

     Male 231 (38.6 %) 114 (44.9%) 117 (33.9%) 

Race    

     White 542 (90.5 %) 234 (92.1%) 308 (89.3%) 

      African American 39 (6.5 %) 13 (5.1%) 26 (7.5%) 

     Hispanic 19 (3.2%) 8 (3.1%) 11 (3.2%) 

     Native American 1 (0.2%) 1 (0.4%) 0 (0%) 

     Asian 6 (1.0%) 3 (1.2%) 3 (0.9%) 

     Other Race 8 (1.3%) 0 (0%) 1 (0.3%) 

Marital Status    

     Married or living with 

someone 

418 (69.8%) 170 (66.9%) 248 (71.9%) 

     Divorced 63 (10.5%) 27 (10.6%) 36 (10.4%) 

     Separated 2 (0.2%) 1 (0.4%) 1 (0.3%) 

     Widowed 33 (5.5%) 9 (3.5%) 24 (7.0%) 

     Never Married 54 (9.0%) 26 (10.2%) 28 (8.1%) 

     Other 2 (0.3%) 1 (0.4%) 1 (0.3%) 

Education Level    

     Never Attended School 1 (0.2%) 1 (0.4%) 0 (0.0%) 

     Elementary School 2 (0.3%) 1 (0.4%) 1 (0.3%) 

     Some High School 3 (0.5%) 2 (0.8%) 1 (0.3%) 

     High School Graduate 73 (12.2%) 31 (12.2%) 42 (12.2%) 

     Some College 172 (28.7%) 67 (26.4%) 105 (30.4%) 

     College Graduate 181 (30.2 %) 74 (29.1%) 107 (31.0%) 

     Graduate School or Advanced 143 (23.9%) 60 (23.6%) 83 (24.1%) 

Employment Status    

     Employed Full Time 316 (52.8%) 133 (52.4%) 183 (53.0%) 

     Employed Part Time 43 (7.2%) 18 (7.1%) 25 (7.2%) 

     Self-Employed 25 (4.2%) 11 (4.3%) 14 (4.1%) 

     Retired 139 (23.2 %) 50 (19.7%) 89 (25.8%) 

     Student 8 (1.3%) 4 (1.6%) 4 (1.2%) 

     Homemaker 15 (2.5 %) 7 (2.8%) 8 (2.3%) 

     Disabled 15 (2.5%) 7 (2.8%) 8 (2.3%) 

     Seeking Employment 9 (1.5%) 3 (1.2%) 6 (1.7%) 

     Other 7 (1.2 %) 2 (0.8%) 5 (1.4%) 
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Table II. Baseline Health Data for Total, Pre and Post-Amendment 

Description N (%) or Mean (SD) 

 Total 

Sample 

Pre-

Amendment 

Post-

Amendment 

Smoking Status    

     Non-Smoker 544 (91.0 

%) 

230 (90.6%) 314 (91.0%) 

     Smoker 54 (9.0 %) 24 (9.4%) 30 (8.7%) 

Blood Pressure    

Systolic Blood Pressure 126.77 

(12.77) 

128.85 

(14.41) 

125.26 

(11.20) 

Diastolic Blood 

Pressure 

78.65 

(9.51) 

81.94 (9.38) 76.26 (8.87) 

BMI 35.95 

(6.35) 

36.37 (6.26) 35.37 (6.40) 

Waist Circumference 114.90 

(14.67) 

118.16 

(13.41) 

112.51 

(15.10) 

HbA1c 5.82 (0.28) 5.71 (0.34) 5.90 (0.20) 

Body Weight (lb) 226.78 

(46.31) 

232.48 

(44.25) 

222.59 

(47.39) 

 

Table III. Mean Difference between Pre and Post-Amendment Baseline Measures  

Description Pre-

amendment 

M (SE) 

Post-

amendment 

M (SE) 

Mean 

Difference 

(SE) 

P-Value 

Age 53.1 (0.86) 56.3 (0.64) 3.21 (1.10) 0.003 

Blood Pressure     

Systolic Blood Pressure 128.9 (0.91) 125.3 (0.60) -3.590 (1.10) 0.001 

 Diastolic Blood 

Pressure 

81.9 (0.60) 76.3 (0.48) -5.69 (0.76) < 0.001 

BMI 36.4 (0.39) 35.6 (0.34) -0.737 (0.53) 0.160 

Waist Circumference 118.2 (0.84) 112.5 (0.81) -5.66 (1.19) < 0.001 

HbA1c 5.7 (0.02) 5.9 (0.01) 0.19 (0.02) < 0.001 

Body Weight (lb) 232.5 (2.78) 222.4 (2.55) -9.89 (3.81) 0.010 
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Normality  

 Pre-amendment and post-amendment normality was assessed via Kolmogrorov-

Smirnov assessment for both POC HbA1c and lab assay. While normality assumptions 

were violated based on statistical significance, visual inspection of Q-Q Plots showed 

relatively normal distribution. Thus, we chose to proceed with analyses.  

Differences Between Groups  

 Between group differences were assessed via independent samples t-tests. Table 

IV. shows the differences between pre-amendment and post-amendment HbA1c. 

Differences were significant (p < 0.001) with a moderate effect size (d = 0.70). Table V. 

shows differences between pre-amendment HbA1c methodology. Differences between 

POC and lab assay methods were statistically significant (p < 0.001), with a large effect 

size (d = 1.07). Finally, Table VI. compares “in eligibility range” to “out of eligibility 

range” blood draw HbA1c. This table shows the 116 “bad blood draws” that also received 

a fingerstick, compared to the total post-amendment sample that was not assessed via POC 

device. Differences between good and bad blood draws were statistically significant (p < 

0.001), with a large effect size (d = 1.67).  

Table IV. HbA1c Blood Draw Comparison Between Pre and Post-Amendment 

Change 

 

 

Pre-Amendment M 

(SE) 

Post-Amendment M 

(SE) 

Difference M 

(SE) 

ES P 

5.71 (0.34) 5.90 (0.20) 0.19 (0.02) 0.7 <0.05 



31 
 

 

Table V. Pre-Amendment HbA1c by POC or Lab Assay 

 

Table VI. HbA1c Values for Participants with Baseline Values In vs Out of Range 

Blood Draws (Pre to Post-Amendment) 

 

Correlation  

 Pearson Correlations were performed to determine the relationship between pre-

amendment HbA1c methodology. Correlations between HbA1c fingerstick and lab assay 

were weak, but statistically significant (r = 0.243, p < 0.001).  

Rate of Recruitment  

 Pre-amendment randomizations occurred at a rate of 10.16 participants per week. 

Post-amendment randomizations occurred at a rate of 9.32 participants per week.  Figure 

1 shows randomizations over time. The blue line depicts randomization goals, while the 

red line the actual randomization trend. The DSMB meeting occurred on June 7th, 2018 

whereby it was determined that the screening procedures may be producing a study sample 

with glucose metabolism impairment below the prediabetes range and thereby jeopardizing 

the internal validity of the study.  The red line shows a slight plateau in randomizations 

Table 5. Pre-AmendmentHbA1c by POC or Lab Assay POC M (SE) Lab Assay  M (SE) Difference M 

(SE) 

ES P 

6.03 (0.25) 5.71 (0.34) 0.32 (0.02) 1.07 <0.05 

Out of Range M 

(SD) N=116 

In Range  M (SD)  

N=483 

Difference M 

(SE) 

ES P 

5.47 (0.33) 5.91 (0.19) -0.43 (0.02) 1.63 <0.05 
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from June 7th to August of 2018, signifying the amendment change to protocol that briefly 

halted recruitment.  

Figure 1. Randomizations over Time 

 

  

June 7, 2018 
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DISCUSSION 

Summary  

 The purpose of the current study was to examine the use of POC device for 

identification of participants at risk for diabetes (i.e., prediabetes; HbA1c of 5.7-6.4%) for 

inclusion to a digital diabetes prevention RCT. The results indicated the sample obtained 

by using the POC device for screening HbA1c had 116 out of 254 participants (45.7%) 

with HbA1c outside of the eligibility criterion according to lab assay.  Additionally, the 

POC screened sample had significantly lower HbA1c levels (5.71 vs. 5.90) than the sample 

screened using lab assay and the correlation between POC and lab assay HbA1c was quite 

low (r = 0.243). Thus, it appears that using the POC device to identify patients with 

impaired glucose metabolism would have resulted in a sample that was not consistent with 

the recruiting goals. Importantly, the lower levels of HbA1c resulting from POC screening 

may have significantly jeopardized the ability of the study to test the stated hypotheses.  

That is, the intervention being tested in PREDICTS is designed to lower body weight and 

improve glucose metabolism in patients with evidence of impaired glucose metabolism.  A 

sample with low levels of HbA1c may have prevented the study’s ability to detect 

meaningful changes in HbA1c.  

Therefore, it appears that change in protocol was critical as it significantly altered 

the nature of the study sample, as reflected through pre versus post-amendment HbA1c 

measures. Post-amendment HbA1c was much more representative of the target sample. 

Although the study is powered based on a primary outcome of change in body weight, 

HbA1c is a critical variable in understanding the efficacy of diabetes prevention programs 

because it is a common measurement of disease control and progression. The post-
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amendment sample contained an HbA1c that was 0.19% higher than the pre-amendment 

sample.  This difference was statistically significant, with a moderate effect size (d = 0.7). 

Similarly, 116 participants (45.7% of the pre-amendment sample) screened with the POC 

device had lab assay HbA1c values outside of the eligible range. That being said, the 

original pre-amendment sample contained individuals with a POC measured HbA1c that 

was ineligible for trial enrollment. However, when compared to follow up lab assay, a lack 

of correspondence between POC and lab assay was discovered. The 116 individuals out of 

range early in the trial had a mean HbA1c of 5.47%, too low for trial participation. Thus, 

potential for a floor effect in the data was an area of concern. Based on HbA1c results, 

change in protocol was justified due to HbA1c sample differences.  

 Further, significant differences in sample demographics are present when 

comparing pre to post-amendment samples. Interestingly, while the post-amendment 

sample had higher levels of HbA1c and were slightly older than the pre-amendment 

sample, these individuals appear healthier. The post-amendment sample had significantly 

lower measures of blood pressure, body weight, and waist circumference than their pre-

amendment counterparts. While speculative, it is likely that the older post-amendment 

sample engage in medical management to control these factors at a higher rate than the 

younger participants, resulting in better measures.   

 When assessing rates of recruitment, numbers seem relatively unchanged pre to 

post-amendment. However, these numbers do not take into account any changes made to 

the amount of resources involved in recruitment. It is possible that following the change to 

screening procedures more resources were needed to maintain the same recruitment rate.  

Unfortunately, we do not have cost or resource data at this time.  Further, it is difficult to 
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quantify changes made to recruitment technique pre to post-amendment, including number 

of staff members utilized, increase in call volume, cost of recruitment efforts, etc. Future 

research is needed to determine whether the cost per randomized participant changed 

following the change in screening procedures. 

Comparison to Previous Research  

 To our knowledge, this is the first study of its kind to assess implications of using 

a POC device to assess HbA1c to screen for prediabetic patients for an RCT designed to 

test a diabetes prevention program. A majority of previous, prominent diabetes prevention 

programs have utilized lab assessed oral glucose tolerance or impaired fasting glucose to 

screen for glucose metabolism (Pan et al., 1997; Knowler et al., 2002; Lindström et al., 

2003; Katula et al., 2013). A single, community based study, conducted by Vanderwood 

and collegues (2015) did utilize non-invasive measures of inclusion to a diabetes 

translation, however, they were not limited to POC measurements of fasting glucose and 

HbA1c (Vanderwood et al., 2015). This is an important issue, as POC device does offer 

advantage to lab assay in terms of convenience and cost. However, for both an RCT and 

CDC recognized diabetes prevention program, it is vital that samples match inclusion 

criterion or government thresholds. Diabetes prevention programs are designed to lower 

body weight and improve glucose metabolism in at-risk participants.  Additionally, for a 

diabetes prevention program to achieve recognition from the CDC National Diabetes 

Prevention Program, at least half of the program participants must have evidence of 

impaired glucose metabolism. Thus, it is necessary that program participants fall into the 

appropriate HbA1c range of 5.7-6.4%, to ensure that staff are working with a prediabetic 

sample. Therefore, it is vital to test POC devices in RCT settings to further our 
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understanding of efficient methods for program recruitment, as well as improve the quality 

and use of POC devices. To date, most studies evaluating POC devices have been done in 

a controlled setting, limiting external validity. Moreover, studies that have assessed POC 

in real world settings only seek to understand the impact POC provides to clinical care, as 

these settings often utilize POC device for patient monitoring. Thus, the present study 

addresses valid concerns, not yet explored by current literature.   

 The present study revealed common drawbacks to use of POC device. First, we 

documented a lack of correspondence between HbA1c measured via POC when compared 

to lab assay. PREDICTS utilized the A1cNow + handheld device, a device that has changed 

manufactures several times in recent years. While this device has maintained the same 

name, it is hard to compare device quality across manufactures. In a 2015 study by Whitley 

and colleagues (2015), it was determined that the A1c Now device had higher than 

preferred bias and CV for all reference values. However, this was considered an 

improvement by the authors when compared to an independent 2013 study complete by 

Knaebal and colleagues (Knaebal et al., 2013; Whitley et al., 2015). However, PTS 

Diagnostics, A1c Now + current manufacturer markets the device as NGSP certified and 

FDA cleared. While these are important qualities, the manufacturer also discloses that a 

2017 lab comparison revealed higher than preferred CV for this device. When compared 

to 6 lab assay variations, the A1c Now + had a 3.34%, violating the POC device CV 

standards (PTS Diagnostics, 2019). NGSP requires a CV of less than 3%, while 2% or less 

is preferred. Thus, while the device does offer convenience in its ability to deliver quick 

readings, ease of use in clinic rooms, and longer unopened shelf life of cartridges when 
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compared to other POC devices, this comes at a cost to measurement quality (Whitley et 

al., 2015).  

 However, it is important to note that the findings of the present study may not 

generalize to other POC devices. While this study did reveal some important issues, quality 

of device seems to be a driving factor in POC to lab assay agreement. Other POC devices 

appear to compare more favorably to lab assay, such as the Afinion, manufactured by Axis-

Shield. This is a device that has been consistently supported by research as a sound choice, 

preforming well against lab assay comparisons, with bias and CV falling within 

recommended ranges (Lenters-Westra & Singerland, 2014; Whitley et al., 2015; Panikar 

et al., 2016; Lenters-Westra & English, 2018). Further, the Afinion has been shown to have 

better accuracy at lower HbA1c thresholds, an important factor in a prediabetes trial, as the 

target HbA1c ranged from 5.7-6.4% (Whitley et al., 2015). This device has also shown 

improvement of precision over time, when compared to previous studies (Lenters-Westra 

& English, 2018). Study staff revealed that the device utilized in the PREDICTS trial was 

one of pure convenience. The A1c Now+ had been utilized on a previous trial and was 

available for immediate use. Thus, researchers did not assess device quality or look to the 

literature prior to device selection. Had a different device been chosen, study outcomes 

may have been altered.      

Practical Implications  

 The results of the present study have clear implications for recruiting for RCTs 

specifically and diabetes prevention programs more broadly.  The use of POC provides fast 

HbA1c readings that may allow for expedited randomization to an RCT, where HbA1c is 

an inclusion criterion. However, it is important that the POC device provide reliable HbA1c 
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measurement, to ensure that the target population is met. This is also true in general 

diabetes prevention work, where the CDC sets forth strict HbA1c guidelines of 5.7-6.4% 

to ensure those who are need of treatment receive it. The present study is a clear example 

of the effect of POC device in an RCT setting. This type of technology has a place in both 

the health and research realm in the future, as current research does show increased patient 

satisfaction and convenience with this style of testing (Panikar et al., 2016; Schnell et al., 

2017). Studies in recent years have shown continued advancement in POC device 

technology, making it better suited for practical use; however, there is still room to 

improve.   

 While there is promise for POC device use, practical implications of the current 

sample cannot be under sold. From a baseline perspective it seems as though changes to 

the protocol were necessary. Although it is unknown what the sample would have looked 

like had recruitment continued with POC screening, it is seems clear that a significant 

number of participants would have been out of prediabetes HbA1c range and limiting the 

ability to test the effect of the PREDICTS trial on the target sample. Moreover, this is only 

baseline data. It is still unknown at this time if this error will effect results at the conclusion 

of the trial. It should be noted that the investigators decided to increase the original sample 

size to 598 from 482 to essentially replace the 116 randomized participants whose HbA1c 

values were outside the prediabetes range at baseline.  Finally, impact of the protocol 

change on study staff should be explored. While recruitment rate did not change much, it 

would be interesting to evaluate the change in protocol on staff burden and morale, 

compared to pre-amendment. Further, the call volume pre to post-amendment should be 

quantified as a gauge of recruitment effort.   
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Limitations  

 The primary limitation of this study is that we are currently unable to assess change 

in protocol and impact on recruitment effort. While rate of recruitment was relatively 

unchanged pre to post-amendment, we are currently unable quantify burden in terms of 

increased call volume, cost, resources and effect on study staff. Additionally, we do not 

have another POC device for comparison to the A1cNow + device. It would be interesting 

to see how results may have differed if a POC device from another manufacturer had been 

used. Further, there are individuals enrolled in the trial who did not meet the initial 

inclusion criteria. While there was no way to remove these individuals from the sample 

once they had been randomized, it will be interesting to see how these individuals effect 

the outcome data. Finally, this is the first study of its kind. While there is some research to 

support POC device use in clinical settings, none have been conducted in RCTs. Thus, 

there was no real comparison for this study when reviewing the literature.   

Conclusions  

 In conclusion, the current study was able to assess the use of POC device for 

identification of prediabetes for inclusion to an RCT. More importantly, impact of POC 

device use on sample demographics, comparison of POC to lab assay HbA1c and 

recruitment rate were explored. Analyses of these factors were important, to ensure that 

researchers were able to recruit an appropriate sample. This is an issue pertinent to any 

RCT, as a sample should be representative of the population one hopes to assess. Further, 

this is especially true in diabetes prevention research and community based prevention 

programs, as HbA1c of 5.7-6.4% is necessary for CDC recognition. The current study was 

limited in the inability to assess the impact of changes in protocol on recruitment. Namely, 
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the present study was unable to evaluate overall increase in call volume and staff burden 

at this time.  Inclusion of ineligible participants may also be considered a limitation, as 

individuals not representative of the target sample were randomized to the trial. Moreover, 

the current study utilized large sample sizes, provided recruitment targets for minority 

populations and older adults, as well as allows for assessment of a variety of sample facets 

to analyze, which could all be viewed as strengths. Moving forward, more studies should 

utilize real world application of POC device, to explore practical implications, rather than 

the traditional lab control setting. Further, measures of quality assurance or target sample 

enrollment based on HbA1c should be utilize periodically to ensure agreement of POC to 

lab assay. Finally, great care should be taken in selection of POC device. Choosing a device 

well support by literature could lessen chance of disagreement between POC and lab assay, 

leading to decreased likelihood of sampling issues.  
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2015 Saginaw Valley State University – The impact of the Healthy Eating Every 

Day program on dietary habits among middle to older aged adults. 

 Role: Grant-funded undergraduate research assistant; Responsible for: 

Participant recruitment and screening, conducting baseline and post 

measurement sessions, assisting/leading intervention sessions, data 

collection and entry. 

 

Teaching Assistant Experience: 

 

Present-2017 HES 101: Exercise for Health 

Duties: Held 2nd year graduate coordinator position. Responsible for 

printing class material for all sections, completed teaching demonstations 

for new graduate students, edited and developed class material, conducted 

labs, co-taught class sessions, graded appropriate sections, proctored exams.  

 

2016  KINE 354: Clinical Exercise Prescription 

Duties: Held study sessions prior to exams, assisted students with 

assignment review, answered student questions and emails, independently 

facilitated six days of in-class learning, led group discussions, and 

developed new assignments. 

 

2016  KINE 456: Advanced Exercise Physiology  

Duties: Developed a research guide to help students utilize databases 

effectively and navigate peer-reviewed resources, oversaw/monitored 

online learning via discussion boards, and assisted with class and 

assignment organization.  
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Professional Experience: 

 

Present-2018 Graduate Assistant: WFU Weight Management. Independently completed  

participant DXA scans, conducted participant funcitonal assessments, 

assisted in session set up and take down, printed session educational 

materials, reviewed participant nutrition logs and provided feedback, and 

entered participant data.   

 

Present-2018 Graduate Assistant: WFU Theraputic Lifestyle Change. Facilitated group  

discussion, taught exercise education sessions, completed weekly 

participant  weight in, reviewed nutrition and activity logs and provided 

feedback, conducted participant functional assessments, conducted 

participant consultations, educated interested participants about weight 

machine set up, and met with participants to develop exercise plans.  

 

2018-2017 Graduate Assistant: WFU Healthy Exercise and Lifesyle ProgramS 

(HELPS). Completed participant pre and post exercise blood pressures, 

interpreted participant resting and exercise ECGs, lead group weight circles, 

lead group Silver Sneakers, assisted participants with weight machines and 

free weights, provided medical updates to senior staff, completed 

cholestech lipid draws, completed participant body composition measures 

(skin folds, height and weight, waist circumference), completed participant 

respiratory evaluations, conducted stress tests (Bruce and ramp protocol), 

conducted exercise blood pressures, and set up 12 lead ECGs.  

 

University Service: 

 

2018 Volunteer: Wake Forest University Thrive Office, Move More Move Often 

program. Assisted with evaluation project involving activity trackers to 

promote physical activity in university faculty, staff, and students.  

Delivered orientation information relative to initiating exercise plans. Lead 

walking groups at lunch time around campus to increase participant’ 

activity and daily step counts.  

2016-2015 Coordinator: Kinesiology nutrition mentors program. Program developed 

to increase nutrition knowledge among interested faculty and students. 

Clients were recruited from Campus Recreation and paired with an 

undergraduate exercise science student to discuss healthy dietary habits and 

increase general nutrition knowledge. Responsible for program 

development, mentor training, program implementation and coordination. 

2016-2015 Member: Student Exercise Science Association. Attended conferences at 

both the regional and national level. Participated in community engagement 

efforts, fitness testing of  community members, staff, and student athletes.  

2016-2015 Volunteer: SVSU Basketball testing. Performed body composition and 

VO2max tests to assess athlete progression across seasons. 
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2016-2014 Member: National Society of Collegiate Scholars. Group of outstanding 

scholars focused on the development of leaderships skills and community 

involvement.   

2015 Volunteer: SVSU Healthy U Program. Performed fitness testing on SVSU 

faculty and staff. 

Community Service: 

 

2015  NFL Play 60:  Bay County United Way and SVSU Kinesiology Students. 

 Assisted in the propsal of various activities, recruited volunteers, asked for

 donor support, and offered healthy snack options to participants. 

2015  Volunteer: Reese High School Fitness Assessments. Reese High School and

  SVSU Student Exercise Science Association. Assisted in fitness  

  assessments of  Reese High School freshmen in order to raise awareness of 

  healh and promote overall fitness. 

2015 Volunteer: Older adult exercise initiative. Health Source of Saginaw and 

SVSU Student Exercise Association. Lead a group of older adults in wheel 

chair exercises in effort to promote enjoyable physical activity in the 

facility’s residents.  

Professional Affiliation/Certifications:  

 

Present-2018 Member, Southeast Chapter of the American College of Sports Medicine  

Present-2017 Certified Silver Sneakers Instuctor  

Present-2016   Certified in Bodpod Operation 

Present-2015 Member, American College of Sports Medicine  

Present-2015 Member, Midwest Chapter of the American College of Sports Medicine 

Present-2014   CITI: Collaborative Insitutional Training Intiative 

Present-2010 Certified in First Aid, CPR/AED, and Bloodborne Pathogens, American 

Heart Association 

Work Experiences: 

 

2017  Adjucnt Faculty, Department of Kinesiology, Saginaw Valley State  

  University  

Duties: Taught two sections of Clinical Exercise Perscription and one 

section of Advanced Exercise Physiology. Faciliated group discussion, 

proctored exams, completed all course grading and submission. 
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2017-2016    Cheerleading Coach, Hartland Athletics, Hartland High School 

Duties: Developed practice plans and competition material, supervised 

game activities, taught life skills and developed strong athletes with a focus 

on sportsmanship. Safely taught new stunting and tumbling skills, aided   

athletes in case of injury or emergency.  

 

2016-2015  Research Assistant, Department of Kinesiology, Saginaw Valley State 

  University 

Project titles: 1) Improving Health Behaviors in Older Adults and 2) 

Supporting hEaLthy Futures (SELF).  Duties: Data collection, participant 

interaction and communication, baseline and post study measurement, 

adminstatraion of ASA24 dietary recall and participant recruitment. 

 

2013   Team Member, Little Caesars, Linden, MI       

Duties: Assisted customers at front counter in a friendly manner, handled

 customer transactions quickly and acurately, assisted team members with 

 cleaning and management of facility. 

 

2011-2010 Medical Data Entry, Mid-Michigan Medical Billing, Flint, MI 

Duties: accurately scanned, entered, and filed patient information in a 

timely manner, maintained patient confidentiality, assisted office manager 

with requested duties, such as shreading and office appearance. 

 

Academic and Professional Recommendations: 

 

Letters available upon request 

 

Jeffrey A. Katula, Ph.D., MA 

 Associate Professor, Graduate Program Coordinator 

Health & Exercise Science 

Executive Director, Healthy Exercise and Lifestyle Programs (HELPS) 

Wake Forest University 

Epidemiology & Prevention 

Wake Forest School of Medicine 

PO Box 7868 

Winston-Salem, NC  27109 
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Phone:  (336) 758-3612 

Fax:  (336) 758-4860 

katulaj@wfu.edu 

 

Peter Brubaker, Ph.D. 

Professor, Chair of Department  

Wake Forest University  

PO Box 7868 

Winston-Salem, NC  27109 

brubaker@wfu.edu 

(336) 758-4683 

 

Gary Miller, Ph.D. 

Professor, Associate Chair, Undergraduate Program Coordinator 

Wake Forest University  

PO Box 7868 

Winston-Salem, NC  27109 

millergd@wfu.edu 

 (336) 758-1901 

 

Sharon Woodard, M.S.  

Associate Professor of Practice 

Wake Forest University  

PO Box 7868 

Winston-Salem, NC  27109 

woodarsk@wfu.edu 

(336) 758-5848 


