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Abstract 

     Gestational diabetes mellitus (GDM) can cause adverse outcomes for the mother and fetus 

due to hyperglycemia. The purpose of this pilot study is to evaluate the feasibility of improving 

pregnant women's glucose log completion rates using a Bluetooth enabled glucose monitor and 

associated mobile health application and to assess their satisfaction with using mobile health 

technology. Methods: This project utilizes a quasi-experimental pre-post design. Over the course 

of 8 weeks, participants completed serum glucose logs (SGL). In phase one the participants 

collected logs for four weeks using their standard glucose meter followed by phase two in which 

the participant used a provided Bluetooth-enabled glucometer with the iGluco application for 

four weeks. Eligibility for this study included but was not limited to a diagnosis of GDM, 

English or Spanish speaking, and ownership of a smartphone capable of running the mobile 

health application. Data collected included demographic information, serum glucose logs, and a 

satisfaction survey. Results: Five participants completed the study. The average completion score 

was 74.82% in phase one and 81.73 in phase two (a difference of 6.91%). The iHealth 

glucometer was the preferred monitor with overall satisfaction of the diabetes care received. 

Implications:  This study has the potential to help demonstrate the feasibility of improved self-

management of GDM and provide the groundwork for future studies. Conclusion: The use of 

Bluetooth enabled glucose monitors with mobile health applications may translate to a more 

accurate reflection of the actual meter reading, be more efficient, and more complete   

Key terms: M-Health, Gestational diabetes, Bluetooth, Self-Monitoring of Blood Glucose 

(SMBG), Capability, Opportunity, Motivation COM-B model, Health Belief Model (HBM). 
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Evaluating the feasibility of using M-Health to improve Serum Glucose logs of women with 

Gestational Diabetes 

Introduction 

      Diabetes occurs when the pancreas does not produce enough insulin or the body’s cells 

cannot metabolize glucose that is in the bloodstream despite the presence of insulin (O’Tool, 

2003; World Health Organization (WHO), 2016). When either of these malfunctions occurs, 

glucose builds up in the bloodstream. Body structures begin to fail if this problem persists. This 

failure can result in blindness, renal failure, cardiovascular diseases, amputations, and even death 

(American Diabetes Association (ADA), 2017; Cunningham et al., 2010; WHO, 2016).  

     The impact of diabetes can be burdensome to anyone it affects but can be especially so for 

women who are pregnant. Gestational diabetes mellitus (GDM) results from the development of 

carbohydrate intolerance during pregnancy due to the increased stress placed on the body 

(American College of Obstetricians and Gynecologist (ACOG), 2017; Cunningham et al., 2010). 

This condition can be treated with diet or medication depending on how severe the condition 

becomes. GDM is one of the most common diseases to occur during pregnancy affecting an 

estimated nine percent of pregnant women (ACOG, 2017; Cunningham et al., 2010). GDM puts 

women at an increased risk for polyhydramnios, pre-eclampsia, and future diagnosis of type two 

diabetes, also known as overt diabetes, later in life (ACOG, 2017; ADA, 2017; WHO, 2016). 

The effects of diabetes on the fetus depends on whether a woman has overt diabetes or develops 

diabetes during pregnancy. Screening for GDM occurs during the 24th through 28th week of 

gestation (ACOG, 2017; Cunningham et al., 2010). Fetal anomalies, stillbirth, macrosomia, and 

hypoglycemia are a few of the potential risks to infants born to women with GDM (ACOG, 

2017; ADA, 2017; Cunningham et al., 2010; WHO, 2016). To avoid the harmful effects of GDM 
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healthcare providers, seek to be successful in reducing the harm of hyperglycemia. Research 

indicates therapy designed to control hyperglycemia, decreases the occurrence of adverse 

outcomes in pregnancy making glycemic control fundamental to the successful management of 

GDM (ACOG, 2017; Cunningham, 2010). 

     Diabetes can affect women of all cultures and ethnic backgrounds with a prevalence rate 

estimated at around 9.2% of pregnancies (CDC, 2014). Approximately 6.8% of Caucasian/ non-

Hispanic women go on to develop GDM. This percentage is in stark contrast to the 16.3% who 

are of Asian/Pacific Island descent, the 12.1% who are Hispanic, or the 10.5% Black/non-

Hispanic who will develop GDM during pregnancy (CDC, 2014).  Although overall, women 

who develop GDM are at a higher risk of developing type two diabetes later in life, these 

minority groups go on to develop diabetes at higher rates (Hunsberger, Ronsenberg, & Donatelle, 

2010; Wang et al., 2012).  

     Patients diagnosed with GDM usually are asked to perform self-monitoring of blood glucose 

(SMBG) one to two hours after a meal and in the morning before eating, usually four times a day 

(ACOG, 2017; Cunningham et al., 2010). With each testing event, the woman records her results 

in a log that she will bring with her to her medical appointments. However, one study with 26 

participants found that only 7.7% of the control group (n = 13) completed their glucose logs 

(Quinn et al., 2011).  

     The health and technology industries have joined together to increase the wellness and reduce 

the burden of chronic illnesses such as diabetes. Researchers are currently studying mobile health 

(m-health) around the world. There are approximately 1100 diabetic applications available with 

several specific to GDM (University of Florida (UF), 2017). The mobile phone diabetes 

applications boast many benefits such as easier tracking and reporting of serum glucose results. 
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These applications can record glucose logs via communication with the glucometer or through 

manual input. This data can then be transmitted to a Health Insurance Portability and 

Accountability Act (HIPPA) compliant cloud giving real-time access to the data to healthcare 

providers (Ming et al., 2016; UF, 2017). These applications can also record exercise, nutrition, 

offer education and provide a visual presentation of the glucose results and the interpretations 

(UF, 2017). 

      M-Health is a sub-category of telehealth; both use digital technology to deliver health 

services and education remotely (Ming et al., 2016; National Rural Health Resource Center, 

2014). Mobile phones and Bluetooth enabled technology has the potential to decrease the 

disparities seen in diabetes (Ming et al., 2016; Stroetmann et al., 2010). According to Pew 

research, 77% of Americans own smartphones; this includes 72% of the African-American, and 

75% of the Hispanic population (Pew, 2017). Mobile internet is granting more people access to 

online health information and communication with their providers (Prieger, 2015). For example, 

African-Americans are said to be twice as likely than Caucasians to use their smartphone devices 

to access m-health and healthcare information (Prieger, 2015). Enabling women to efficiently 

record and communicate the serum glucose logs with Bluetooth technology has great potential to 

decrease missing data, time spent recording data, and potentially decrease the noted disparity 

populations.   

Theoretical Framework 

      Evaluation of the obstacles faced by women who receive a diagnosis of gestational diabetes 

mellitus during their pregnancy reveals the need for a theoretical framework that provides a 

dynamic pathway to sustainable interventions. The Health Belief Model (HBM) best 

encompasses the behavior change philosophy incorporated into a framework that was used to 
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design the interventions for this project. The HBM originated in the 1950's by the U.S. Public 

Health Services (USPHS) in response to a perplexing phenomenon. The USPHS set up free 

mobile tuberculosis screening only to have few people utilize the much-needed service (Edberg, 

2013). Doctors Godfrey Hochbaum, Irwin Rosenstock, and Stephen Kegels researched why so 

few used this service and concluded that motivation was at the core of health behavior (Edberg, 

2013). The HBM addresses what drives motivation. Perception of six health beliefs such as 

susceptibility, severity, benefits, barriers, cues to action, and self-efficacy are thought to be 

integral parts of motivation. (Edberg, 2013). These perceptions either promote or inhibit 

motivation to conduct a health behavior. The base framework for this study is the Health Belief 

Model. However, more was needed to design appropriate interventions. The Behavior Change 

Wheel (BCW) is a framework based off of 19 frameworks of behavior change. Although the 

BCW is too broad for this specific study design, it includes a vital instrument for designing 

interventions that can be implemented to drive change. The capability, opportunity, and 

motivation behavioral system (COM-B) model is a fundamental part of the BCW that directs the 

examination of what drives behaviors in addition to giving insight for removing barriers and 

implementing interventions (Handley et al., 2016; Michie, Atkins, &West, 2014). This study 

uses the HBM as the overarching umbrella framework with the COM-B model embedded to 

facilitate interventions that support change (see Figure 1). Ultimately, a person’s capability, 

opportunity, and motivation are both organic and perceived. The evaluation of each behavior 

change considers the probability of change, sustainability, the risk/benefit of the change and the 

measurability. The elements of capability, opportunity, and motivation are broken down into 

their components and evaluated for what is required for the change to occur. This study has 

implemented education, training, and enablement as behavior change techniques (BCT) (see 
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Figure 2). The review of the literature supports the use of each BCT chosen for this project. The 

following is an abbreviated sample for the application of COM-B as it applies to this study.  

Capability 

     Capability establishes the ability, either physical or psychological to perform a behavior or 

behavior change that is needed. A person’s mental capability encompasses their knowledge, 

ability to remember, decision-making processes, ability to regulate behavior and their cognitive 

and interpersonal skills (Michie et al., 2017).The questions asked for this study to guide the 

design were as follows: Do the women know how to check their serum glucose? Are the women 

physically capable of checking serum glucose? Can the women learn how to use the serum 

glucose monitor and the application?  

Opportunity  

     Opportunities provide the women the needed resources either physical, social, or both to 

accomplish the behavior (Michie et al., 2014). The questions asked for this study to guide the 

design were as follows: Do women have the needed supplies to check their serum glucose as 

agreed upon in their plan of care? Do the women in the study have smartphones? Do the women 

have time to check their glucose levels and log them as agreed?  

Motivation 

      Motivation consists of drive, impulse, incentive or inspiration to accomplish a behavior 

change (Michie et al., 2014). Motivation can be automatic such as wants and needs, driven by 

reinforcement or emotions. It can also be reflective. Reflective motivation comes from the belief 

of right and wrong derived from ones professional or social identity, the perception of capability, 

optimism, the perception of consequences, intentions, and goals. The questions asked for this 

study to guide the design were as follows: Do the women believe checking serum glucose is 
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needed? Do women desire to check their serum glucose? What are the women’s perceived 

barriers to checking their serum glucose as agreed upon with their providers? 

Review of Literature 

     A literature search was conducted to find literature addressing electronic submission of 

glucose readings by patients to clinicians. Search engines used to find articles included PubMed, 

Virgo, Google Scholar, Google, Ovid Medline, Web of Science, ClinicalTrials.gov and 

Cochrane. Keywords or combinations thereof used to search were m-health, mobile health, 

telemedicine, smartphones, Bluetooth, wireless, diabetes, gestational diabetes, GDM, remote 

transmission, barriers, and Bluetooth enabled glucose monitor. The key phrase used in this 

search was Barriers to self-monitoring of serum glucose. Inclusion criteria for this literature 

review were the ability for the patient to remotely transmit glucose readings to clinicians, 

randomized control trials or meta-analysis, qualitative studies, and diabetic patients of any age. 

Articles excluded included pilot/feasibility studies, if they included a disease process other than 

diabetes, reported a protocol for an approved study or they offered no new information. A total 

of 37 articles were scanned for inclusion criteria. Fourteen articles were excluded due to 

irrelevant titles. One article did not meet keyword criteria, and 13 articles were cut because they 

did not meet inclusion criteria. An ancestry search yielded an additional two articles that met the 

inclusion criteria. Ultimately 11 were included in the review of the literature (see Figure 3).  

Capability, Opportunity, and Motivation and Self-Monitoring of Blood Glucose (SMBG) 

     The most efficient and cost-effective way to manage diabetes and GDM is to have the patient 

monitor their serum glucose on a schedule agreed upon by the provider and patient (Fisher, 2007; 

Ong, Chua, & Ng, 2014; Ward, Stetson, & Mokshagundam, 2015). The patient then records the 

results of the self-tested serum glucose over time providing date and time of result in a glucose 
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log. This method allows the patient to see how their diet affects their serum glucose and make 

daily adjustments to their diet. This task is also a pathway for the provider to engage the patient 

in personal decision making for the patient’s treatment plan. A complete and accurate serum 

glucose log is critical to communicating the results of each test performed. The review of the 

literature indicates that SMBG task completion is as low as 26% in the United States for patients 

diagnosed with diabetes (Fisher, 2007; Ong et al., 2014). In three separate studies with a 

combined total of 564 participants pain, motivation, social stigma, time, money, and emotional 

tie to results were barriers to successful SMBG (Ong et al., 2014; Persson, Winkvist, & Morgren, 

2010; Ward et al., 2015). Other significant barriers included understanding the disease, plan of 

care, and testing process (Ward et al., 2015).  

Education, Training, Enabling, and HgbA1c  

     The HgbA1c can give the provider/patient dyad an idea of how the patient managed their 

glucose over the last three months with one blood test. The research found on utilizing m-health 

in conjunction with SMBG measured the HgbA1c as an outcome measure for significance either 

supporting or failing to support their intervention. Interventions studied in the reviewed 

randomized control trials lacked a stated theoretical framework or background of any kind. The 

researchers were likely unaware of the fact they were attempting to make a difference by altering 

capability, opportunity, and motivation. Each study reviewed utilized three necessary 

interventions identified on the Behavior Change Wheel as education, training, and enabling 

(Michie et al., 2014).   

     A randomized control trial conducted in the UK by Farmer et al., (2005) sought to determine 

if telehealth support would lower the HgbA1c of patients diagnosed with type one diabetes. After 

nine months the study failed to detect a significant difference in HgbA1c for the intervention 
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group compared to the control group (p = 0.3). The target population had an HgbA1c higher than 

8%. The total number of participants was 93. The control and intervention group were given a 

serum glucose monitor with a cellular phone capable of documenting their insulin, dietary, 

activity, and glucose logs. A Diabetes Specialist Nurse (DSN) monitored the data transmissions 

of the intervention group and responded by contacting the patients with concerns, solutions, and 

assisted the patient in establishing action plans with reasonable goals. The intervention group 

also had access to their information via the internet that included immediate feedback with a 

colorful graphic display of results for the past two weeks. Although the control group’s data also 

transmitted to the data processing facility, the DSN was unable to access that information. The 

cellular phone and website gave minimal feedback other than standard of care and results in 

basic diary format. Results for the control group were available for the past 24 hours only. 

Limiting factors for this study included several instances of not being able to transmit data as 

needed due to technical difficulties, damages, or theft of the mobile phones.  

     Another study conducted in the UK by Hirst et al., (2014) had a total of 49 women diagnosed 

with GDM and was evaluating the satisfaction component of using Bluetooth enabled monitors. 

Participants volunteered to use a provided Polymap glucose meter accessory with Life Scan 

Ultra Easy meter. This meter featured Bluetooth technology and automatically transmitted blood 

glucose (BG) readings to an application on a smartphone that would further transmit via a 3 G 

network to a secured website at the National Health Services. A midwife or physician reviewed 

the transmitted information three times a day that included not only the BG reading but the diet 

and medication as it was input by the participant. The healthcare provider would then decide if 

communication with the patient was necessary. If communication or intervention was necessary, 

the healthcare provider phoned or messaged the patient. The participant had the option of 
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speaking with the healthcare provider either by phone, messaging, or in person regardless of BG 

readings. The Questions and Responses to the Oxford Maternity Diabetes Treatment Satisfaction 

Questionnaire (OMDTSQ) utilized a Likert scale.  Overall, the majority of the satisfaction scores 

were strongly positive indicating that the use of the m-health technology was acceptable and 

functioned as a method of communication for results and interventions.   

     Istepanian et al. (2009) completed a study that took place at Thomas Addison Diabetes Unit 

of St. George in London UK with 137 participants. Both the intervention and control group 

received diabetes care and self-blood glucose monitoring education. The intervention group was 

given Bluetooth enabled serum glucose monitors and a cellular phone. The cellular phone 

reminded the patient each time a serum glucose check was due based on a personalized 

prearranged schedule. Clinicians based at St. George’s Hospital in London, UK received and 

reviewed the results. The participants then received letters of treatment recommendations. The 

participants in the intervention group were able to use the cellular phone for free to contact the 

research team for needed support. The control group received standard care and did not use the 

cellular phones to transmit their data. The completion rate for the study was 63.5% with 56% of 

the intervention group not completing the study. The high attrition rate was attributed to 

technical difficulties but is a limitation of this study even when considering intention to treat 

calculations. This study found no significant difference in the HgbA1c of the intervention group 

compared to the control group (p = 0.17).   

     Ming et al., (2016) conducted a systematic review of RCT studies with the inclusion criteria 

of “any system to monitor serum glucose remotely utilizing either fixed-line phones, mobile 

phones, or internet-based systems.” (p. 2). Articles in this analysis included pregnant women 

with a diagnosis of (GDM) and preexisting type 1 or 2 diabetes. Seven RCT were analyzed, six 
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for clinical outcomes and one for patient satisfaction. It is worth noting there was significant 

heterogeneity for some of the studies compared in this meta-analysis. There was a significant 

difference in HgbA1c between the telemedicine intervention studies that included all diabetes 

and the control groups in the meta-analysis (p = 0.02) in favor of the intervention groups. There 

was a significant difference in HgbA1c between the telemedicine intervention groups that 

included only GDM and the control groups in the meta-analysis (p = 0.01).  

     Quinn et al., (2008) evaluated 30 patients who had been diagnosed with type 2 diabetes for at 

least six months and were between the ages of 18 to 70 years old. All patients in this study 

completed a Summary of Diabetes Self-Care Activities (SDSCA) Questionnaire, a complete 

medical history, and had an HgbA1c collected. The control group received a One Touch Ultra 

BG meter with supplies and received usual care for the management of diabetes. They were 

instructed to fax or call in their BG results every two weeks to their Health Care Providers (HCP) 

until their BG was stable or their HCPs changed their regimen. Patients randomized to the 

intervention group were given a Bluetooth enabled One Touch Ultra BG meter with supplies and 

a Nokia 6682 or 6680 cellular phone that had the WellDoc’s proprietary diabetes manager 

software. The study staff instructed the patients on how to use the technology and what to do if it 

did not work. The intervention group transmitted their BG results electronically every four weeks 

or sooner if needed. The WellDoc’s software transmitted the patient’s behavior and an analysis 

of data with trends. The WellDoc’s software would then give the patient suggestions on 

activities, lifestyle choices, and diet if the need for improvement were detected. After receipt of 

the data from the WellDoc’s software, the healthcare provider would personalize feedback and 

treatment. The intervention group had a significantly lower HgbA1c compared to the control 

group (p = 0.02). All of the intervention group had completed logs according to protocol 
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compared to 7.7% of the control group with p < 0.001. Overall patients were satisfied with the 

intervention system components this was true for the physicians as well. The control group had 

less than half of the patients satisfied with their diabetes management with only 7.7% completing 

the log books per protocol. None of the physicians surveyed were satisfied with the management 

of diabetes by their patients. Limitations include a small sample with the loss of four participants 

and the fact that only five of the 15 people in the intervention group consistently used the 

Bluetooth feature of the glucose monitor due to technical issues. 

     A study by the Department of Health in England via 112 clinical sites including 513 

participants (Steventon, Bardsley, Doll, Tuckey, & Newman, 2014). The inclusion criteria 

included over 18 years old, diagnosis of gestational diabetes, chronic obstructive pulmonary 

disease or heart failure. The intervention arm of the study used provided telehealth equipment as 

well as serum glucose monitors, blood pressure monitors, pulse oximeters, or weight scales. The 

patient would then take readings per an agreed upon schedule and transmit them remotely to the 

clinical site. Patients received feedback based on the results. Patients also could transmit 

questions or concerns via telehealth equipment for increased support. Patients in the control arm 

received usual care without specific telehealth interventions. There was a significant difference 

for HgbA1c in favor of the intervention group (p = 0.013).   

     Wild et al., 2016 enrolled 321 male and female patients with type 2 diabetes from 42 clinics 

for a study in England and Scotland. The participants were over 17 years old, had mobile phone 

signal access at home, and had poorly controlled with HgbA1c’s above 58mmol/mol. Bluetooth 

enabled technology transmitted results to research nurses for the intervention group. The staff 

gave support for needed lifestyle and medication alterations in response to the results received by 

the research nurses. At the conclusion of the trial that spanned nine months, the intervention 
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participants were asked to follow up with their healthcare provider. The control group received 

usual care that included a review of their results once a year by their Family Practice physician 

or more often if they had poorly controlled glucose levels. There was a significantly lower 

HgbA1c in favor of the intervention group (p = 0.0007). The authors concluded that there was a 

clinical and statistical significance for patients that utilized the Bluetooth enabled technology for 

transmission of data to their healthcare providers with “as needed” support.  

  Wojcicki et al., 2001 conducted a study at the Clinic of Gastroenterology and Metabolic 

Diseases of the Medical Academy in Warsaw Poland with pregnant patients diagnosed with type 

1 diabetes. The participant inclusion criteria included a diagnosis of type 1 diabetes, pregnancy 

less than 16 weeks, no diseases, and IQ greater than 85 on the Wechsler-Bellevue Scale for 

Adults and an HgbA1c less than 9.5%. This study had 30 participants. Both groups received a 

three-day education session in which the patient had a two-day hospitalization period and an 

additional training day. Participants tested their serum glucose levels six times a day after 

aggressive insulin treatment using the multi-injection technique. The researchers compared the 

glycemic control of the intervention group with the usual care group. The intervention group 

utilized a telematic management system that would transmit results of the patients’ serum 

glucose levels to a healthcare member every night before going to bed. A diabetologist would 

retrieve and interpret the information using the DiaPreT software program and contact the patient 

as needed for alterations to the treatment. One weakness identified included having the same 

unlimited availability for support of the diabetologist by phone for the control group. Although, 

there was not a significant difference found in the HgbA1c levels between the usual care group 

and intervention group the authors found that the intervention group had significantly better 

glycemic control than the usual care group (p = 0.001). There was not a significant difference in 
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HgbA1c for the telematic management group compared to the usual care group (p = 0.772).    

Conclusion 

     There is insufficient evidence to support the use of glucose monitors enabled to deliver data 

remotely to a cellular phone to lower the HgbA1c for people with diabetes. Of the seven 

randomized control trials reviewed that measured the effects of m-health on HgbA1c three failed 

to find a significant difference, and four found a significant difference, making the evidence 

inconsistent but in favor of the use of technology to assist in controlling HgbA1c.  

     Satisfaction is a fundamental element of sustainability but is not consistently addressed in the 

studies reviewed. Three of the articles reviewed addressed patient satisfaction, reporting more 

satisfaction with the use of mobile phone technology to aid in diabetes management. All of the 

articles studied lacked a theoretical framework in which to approach the problem. The literature 

search clarifies the need for more research on m-health with the gestational diabetic population.  

     More research is needed to evaluate the effects of utilizing these devices specifically as an aid 

in managing serum glucose levels. There were few randomized control trials available for 

review. The literature on remotely transmitting serum glucose data for patients practicing SMBG 

comes mostly from Europe or Canada, and the value of mobile electronic monitoring has been 

questioned (see Table 1). Most of the research done is on non-pregnant Type 1 or 2 diabetics 

with few studies on gestational diabetes.  

Gestational diabetes mellitus is a burdensome disease that affects women at a vulnerable 

time. This literature review illuminates a gap in knowledge related to the potential of mobile 

health monitoring for decreasing burdens of SMBG in the GDM population. 

Method 

     The purpose of this Doctorate of Nursing Practice Scholarly Project is to evaluate the 
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feasibility of using a Bluetooth-enabled glucose monitor and associated mobile health 

application to monitor pregnant women’s glucose levels and assess their satisfaction with using 

mobile health technology. 

Study Design  

     This pilot study utilizes an IRB approved quasi-experimental pre-post longitudinal design 

over eight weeks with a convenience sample of pregnant women diagnosed with Gestational 

Diabetes (GDM).    

Study Question 

     Does use of a Bluetooth enabled serum glucose monitor in conjunction with the iGluco 

application improve pregnant women’s glucose log completion?   

Definition of Terms  

Blood glucose log/ Serum glucose log: The documentation of blood glucose/ Serum glucose 

results in chronological order by date and time. 

Completeness: The percentage of entries in the glucose log with a range between zero to 100% 

calculated using the actual number of recorded results divided by the expected number of 

recorded results.  

GDM: Gestational Diabetes Mellitus: A diagnosis of diabetes that occurs after the 24th week of 

pregnancy that is due to the state of pregnancy.  

Glucometer: A handheld device used by the patient to analyze a blood droplet for blood glucose 

concentration.   

HgbA1c: Hemoglobin that has glucose attached can be measured and will give a result in the 

form of a percent with normal values between four and six percent (O’Tool, 2003). This value 

indicates a person’s glucose control over the last three-month period.  
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iGluco: A diabetes health application sponsored by the Apple brand that syncs with the iHealth 

glucose monitor via Bluetooth technology.   

iHealth glucose monitor: The BG5 glucose monitor manufactured by the Apple brand.  

Recommended Range: UVA protocol states the fasting values should be within 60-95mg/dL. 

Two-hour postprandial values should be within 90-140 mg/dL (see Appendix A).  

Phase One:  Four weeks of standard paper serum glucose logs with a standard monitor.   

Phase Two: Four weeks following phase one in which the participant utilized the provided 

Bluetooth enabled iHealth glucose monitor to record their serum glucose on an iGluco 

smartphone application.   

SGL: Serum Glucose Log for this study will mean any annotation of an individual participants 

serum glucose level over a period of time as agreed upon between the participant and their 

provider.  

SMBG: Self-monitoring of Blood Glucose is the act of executing an agreed upon regimen for 

monitoring and treating one’s serum glucose levels.  

Setting  

     This pilot study took place at a Maternal-Fetal Medicine Clinic located in a mid-Atlantic 

tertiary care center. The clinic serves approximately 278 women diagnosed with GDM a year 

(CDR, 2016). There are Maternal-Fetal Medicine physicians, certified nurse midwives, women’s 

health nurse practitioners, and a registered dietician proficient at caring for women who have 

high-risk pregnancies such as type 1, type 2, or GDM on staff at this clinic. Staff offer genetic 

counseling and perform ultrasounds, antenatal screening, and diagnostic procedures. The clinic 

director granted permission to utilize the clinic for this study (see Appendix B). 

Sample  
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This study recruited a convenience sample from the Maternal-Fetal Medicine Clinic over 

a three-month period. Eligibility for this study included women who are at least 18 years old, 

competent for consent, English or Spanish speaking, diagnosed with gestational diabetes, have 

access to a smartphone capable of running the mobile health application and were willing to 

download the application. Women between the gestational age of 24 weeks to 32 weeks were 

considered eligible for recruitment. Exclusion criteria included women that did not meet the 

eligibility criteria or had knowledge that their delivery was going to occur before completion of 

both phases, or they already possessed a Bluetooth-enabled glucometer. Women were not 

approached for recruitment if determined by their provider that their pregnancy status was too 

high risk  

Measures 

     Measures include a demographic information log and completed glucose logs collected over 

an 8-week period as seen in Figure four and Table two. The primary outcome measure of this 

pilot study is glucose log completeness measured on a scale of zero to 100%. The glucose logs 

annotate each glucose result, if the patient is diet controlled or taking medications, and if data 

transcription comes from the study coordinator or participant.  Demographic data were collected 

to provide information about the population that agreed to participate in the study. The 

demographic data include education level, cultural/ethnic/racial identity, primary language, 

gestational age, and type of diabetes control (see Table 2). A satisfaction survey adapted from 

the RAND Health PSQ-18 satisfaction survey to reflect diabetes care retrieved from 

https://www.rand.org/health/surveys_tools/psq.html was used to measure satisfaction with 

the diabetes care received during the study (see Appendix C). This survey provides 18 

questions with scores for each question ranging from one to five.  There is an additional open-

https://www.rand.org/health/surveys_tools/psq.html
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ended question included asking the participants to disclose the glucometer they liked best during 

the study and their rationale. RAND Health provides the scoring instructions for the survey (see 

Appendix C).  

Procedures  

     The clinical research coordinator, registered dietician, and healthcare staff assisted in the 

recruitment of patients. Figure 5 illustrates the procedural flow of the study. A clinic nurse or 

registered dietician asked the patient at the time of their regularly scheduled appointment if they 

were interested in speaking with the primary investigator of the proposed study. A trifold 

pamphlet in English explaining the study was also made available. If the patient was interested, 

the primary study coordinator discussed in detail the proposed study offering them a copy of the 

consent for preview (see Appendix D). The primary study coordinator’s contact information is 

available on the patient recruitment trifold (see Appendix E). Because participants were being 

asked to provide a full eight weeks of serum glucose logs no patients were solicited for 

recruitment past 32 weeks gestation. Patients were also made aware that they must consent 

before 32 weeks of pregnancy. The primary study coordinator consented each participant. 

Consent forms were available in English and Spanish. The primary researcher was at the clinic 

for each participant’s appointment. The hospital's electronic record system provided the 

appointment times for the participants.   

     Each participant was instructed to provide four weeks of serum glucose logs per usual care 

with their non-Bluetooth enabled glucometers for phase one.  If the participant was currently 

completing glucose logs, the participant had the option to provide their existing glucose logs.  

After a total of four weeks of glucose, logs had been collected for phase one; the participant 

moved to the intervention stage (phase two) of the study.     
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     Each participant received an iHealth Bluetooth-enabled glucometer with supplies enough to 

complete four weeks of serum glucose monitoring and training on how to use it by the primary 

investigator for phase 2 of the study (see Figure 5). The study coordinator offered assistance 

downloading the iGluco application along with training to utilize the glucometer with the 

application. A demonstration and written instructions for printing the glucose log from the 

application was given with instruction how to view the iHealth iGluco support web page at 

https://ihealthlabs.com/support/glucometer/wireless-smart-gluco-monitoring-system/. Each 

woman was given the contact information to customer service for the device and application in 

the event of questions. Participants were instructed to bring a printed version of their glucose 

logs with them to the clinic. If a participant did not bring a printed copy of the serum glucose log 

to the appointment, the primary investigator transcribed verbatim the available data onto a data 

collection sheet. The participants kept the iHealth glucometers at the conclusion of the study. At 

the end of the serum glucose log collection, each participant completed a diabetes care 

satisfaction survey. The RAND Health PSQ-18 satisfaction survey has been adapted to reflect 

diabetes care received. One additional open-ended question was added to the survey to assess 

the participants preferred glucometer and the rationale.   According to Rand Health, this survey 

takes three to four minutes to complete. 

Protection of Human Subjects  

    This project was reviewed by the University of Virginia Institutional Review Board for Health 

Sciences Research (IRB-HSR) and approved.  This population is considered a vulnerable 

population. However, GDM is unique to pregnancy, and it is critical that pregnant women be 

represented in the literature to decrease the existing disparities in diabetes care. The patients’ 

treatment plans were not affected by the use of a particular glucometer or method of recording 

https://ihealthlabs.com/support/glucometer/wireless-smart-gluco-monitoring-system/
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the resulting values. Data collected was de-identified at the point of collection. At no time did the 

researcher use personal identification of the patient for documentation. Each participant was 

assigned a unique study identification (ID) number. The patients’ assigned study (ID) numbers 

were annotated in their logs. The locked storage container remained in the office of the primary 

researcher available to only the primary researcher and co-researchers. The files will be 

destroyed at the time indicated by the University of Virginia's DNP program. This study was 

approved by the IRB residing for UVA.  Any secondary analysis of the data will require an 

institution-specific IRB approval (see Appendix F). 

Data Analysis  

     Descriptive statistics were used to summarize the data collected. The data was analyzed  

SPSS v. 24.  Glucose log completeness was calculated using the total number of actual entries 

divided by the total number of required entries. The data from this study include the number of 

women who consented to participate, education level, primary languages, the number of women 

on medication or diet only control, average completion score for usual care phase, and average 

completion score for the intervention phase. The number of participants that did not bring their 

logs but brought their smartphones or glucometer for transcription and the number of patients 

that dropped out of the study prior to completion of eight weeks of glucose logs along with the 

overall mean satisfaction score calculated from the completed individual surveys is reported. 

Results 

Sample    

During the recruitment period, 17 women had a diagnosis of GDM. Of these 17 women, 

four did not meet eligibility due to speaking a language other than English or Spanish, or the 

women’s condition made delivery uncertain. Two patients were unavailable due to repeatedly 
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missed appointments. Three women declined to be in the study due to technology concerns (see 

Table 3). Eight participants enrolled and were consented to be in this study. Five participants 

completed both phases with surveys resulting in a 37.5% attrition rate.  

The participants ranged in age from 27 to 43 years old.  The majority of participants were 

Caucasian-non-Hispanic (80%) or Black/non-Hispanic (20%). Education varied with 20% four-

year degree, and 40% some college, 20% technical college, and 20% high school education. 

Everyone who consented to be in the study spoke English. Mean gestational age at entry into the 

study was 29.6 weeks. Two of five participants (40%) used nutrition therapy alone, and three of 

five (60%) used insulin and nutrition therapy for their GDM. See Table 4 for more detailed 

demographic information about the participants in this study.  

Glucose log completion 

     In phase one (standard monitor and paper logs) the average completion score of the five 

remaining participants was 74.82% (see Figure 6). In phase 2 (iHealth/iGluco) the average 

completion score was 81.73%, an improvement of 6.91% (see Figure 7). Three of the remaining 

participants increased their completeness rates, and two participants experienced a decrease (see 

Figures 8 and 9). A sign test was used to calculate the significance of three out of the five 

participant scores increasing between the two phases. This test resulted in no significant 

difference between the two phases for the number of participants increasing their completeness 

score compared to the number of participants decreasing their score with p = 1.00. During phase 

two 55% of the time, the participants depended on the study coordinator to transcribe their 

glucose logs from the iGluco application. 

Satisfaction 
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     Each participant surveyed indicated the iHealth was their preferred monitor. Two participants 

(40%) felt the iHealth monitor was easier to use; another felt it was less work, the remaining two 

participants expressed it was a better monitor, and more accurate than their phase one monitor. 

This phenomenon will be examined further in the discussion. The PSQ-18 survey results 

indicated overall satisfaction with the diabetes care received with an overall score of 29.25 out of 

35 possible and an average score of 4.4 out of five for general satisfaction (see Table 5) 

Discussion 

          An overall increase of 6.91% from 74.82 to 81.73 in the blood glucose log completeness 

indicates that although technology such as Bluetooth-enabled monitors and diabetes health 

applications may not completely solve the issue of incomplete glucose logs, their use may 

improve completion rates. Improving glucose log completion enables better communication 

between healthcare providers and patients allowing for more appropriate treatment plans. These 

treatment plans can lead to a decrease in serum glucose levels (Selvan Thukral, Dutta, Ghosh, 

and Chowdhury, 2017). Ming et al., (2016) conducted a systematic review of RCT’s utilizing 

telehealth studies that included Bluetooth-enabled monitors showing a significant difference in 

HgbA1c between the telemedicine intervention groups and the control groups (standard care) in 

the meta-analysis (p = 0.01). Another study utilizing transmitting technology by the Department 

of Health in England included 513 participants found a significant difference for HgbA1c in 

favor of the intervention group (p = 0.013) (Steventon, Bardsley, Doll, Tuckey, & Newman, 

2014).  

     The Health Belief Model and motivational behavior change theories used in the design of this 

study suggested that the perception of capability, opportunity, and motivation would predict the 

participant's ability to change health behavior. To boost the capability, each participant received 
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education on the benefit of SMBG, the use of each serum glucose monitor used in the study, and 

the application. They received written instructions and verbal instructions on printing or 

uploading their results into the patient portal. None of the patients desired to use the print feature. 

Two of the study participants stated they did not have a personal printer. Healthcare providers 

provided reinforcement education at each visit regarding the benefit of glucose control. The 

dietician trained the participants on the phase one non-Bluetooth monitor provided by the 

patient’s insurance or self while the primary researcher gave training and offered set up of the 

iHealth monitor and application for phase two of the study. To further boost opportunity and 

motivation, each participant received an iHealth monitor and the supplies needed for monitoring 

their glucose levels during the second stage at no cost to them. However, the monitor given in 

phase two is currently not covered by any form of health insurance nor are the needed supplies.  

The company stated the pricing for the monitors and supplies is less than the industry average 

with this in mind. Figure 10 gives a break down of pricing for the monitors given in phase two.   

     The design of the study was intended to educate and allow patients to have access to the study 

coordinator if they needed further assistance. However, none of the five patients were willing to 

allow the researcher to load the application onto her smartphone at the time of study consent. 

Each participant stated she knew how and would install the application upon returning home. 

One participant, during the time she would have started phase two, lost her phone and replaced it 

with another smartphone. She stated she was unable to load the application on to her new phone. 

She was unwilling to troubleshoot the iGluco application resulting in her exiting the study during 

phase two. Another patient dropped from the study during phase two due to being unable to 

negotiate the iGluco application after the iHealth monitor, and the iGluco application was set up 

for her with a repeat education session and demonstration.  
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     Every participant stated that the iHealth monitor was their preferred monitor and expressed 

satisfaction with their diabetes care. The stated reasons for preferring the iHealth monitor, such 

as “it was easier to use” and “it was less work,” indicate that the patient appreciated the decrease 

in work needed to collect and document blood glucose levels. It may be that the women who 

remained in the study had a higher comfort level with the technology than those who cited 

technical difficulties as their reason for dropping out of the study. Hirst et al. (2014) conducted a 

randomized control trial for Bluetooth enabled glucose monitor usage with a GDM population. 

They found that overall participants were strongly positive about their care and the use m-health 

technology as part of their treatment regimen. In this study, one participant entered the study 

with eagerness to participate. She seemed fascinated by the use of this technology to aid her with 

this diagnosis. This participant desired to use all of the application’s features to make life with 

diabetes less cumbersome. Of the three participants that experienced technical difficulties, one 

continued with the study. She stated her iHealth monitor would not stay connected to her phone 

iGluco application. After replacing the monitor, follow-up revealed the problem was solved. She 

went on to declare the iHealth monitor as her preferred monitor.  

     The average glucose log completion rate in this study improved to 81.73% with the iHealth 

monitor. The United States has an overall completion rate of 26% making one finding in this 

study worth mentioning (Fisher, 2007; Ong et al., 2017). The completeness score of one 

participant did decrease. However, this is likely because the iHealth monitor was a more exact 

representation of her completion of serum glucose monitoring task than were the written logs 

from phase one. The patient's phone provided the information for phase two of this study. At the 

time of collection, her completeness score was 66%. She presented with a hand-written log that 

was 100% complete for all dates after her provider asked for a written log. This researcher 
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confirmed by revisiting her results synched to her phone iGluco application from her iHealth 

glucose monitor that she had completed 66% of the serum glucose collection for her log. 

Therefore, it is possible that she had not accurately annotated her results in phase one. Selvan et 

al. 2017 conducted a study looking specifically at the affect serum glucose logs had on glycemic 

outcomes. They classified the data as accurate, erroneous, omitted, fabricated, or other such as 

lost, or malfunctioning equipment. The results of this study indicated that the most common type 

of error in the participant's glucose readings were omissions followed by fabrication. The study 

had a follow-up period of 44 months. Findings indicated that the participants that had accurate 

data on their glucose logs were consistently and significantly lower with their HbA1c levels. 

This finding supports the belief that blood glucose logs are an important tool for management of 

blood glucose, further supporting the need to integrate more accurate methods of collecting 

serum glucose log data. 

     National data suggests that minority women are at a higher risk for GDM than 

Caucasian/non-Hispanic women (CDC, 2014). It is important to include these women in studies 

that concern GDM to gain useful insight into the SMBG habits of these women. A better 

representation of the women with the diagnosis of GDM will lead to better evidence to support 

these women with this diagnosis. At the very least including them in studies such as this one 

would provide better evidence to assist them with the completion of their blood glucose logs. To 

increase recruitment of more minority populations, an understanding of the lens through which 

these women view the healthcare system they are negotiating is needed. Of the women who 

declined, all were considered to be of minority status, and all expressed the effort required to 

learn the technology and report to a study coordinator were more than they had to offer. The 

short answer given for abstaining from the study was the technology, but during the discussions, 
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it was apparent the issues preventing them from participating were more multifaceted than that. 

Anecdotally, the current political atmosphere in the USA may have influenced their trust of the 

healthcare system and influenced their willingness to wirelessly sync their health data to a 

smartphone. Future suggestions for recruitment of the populations most affected by GDM 

include getting approval to recruit participants that speak the prominent languages in the 

geographic area that is being studied and increase the number of study coordinators that 

represent the demographic up for recruitment. It is crucial that the individual understand the 

cultures they are recruiting to be able to discern and potentially negotiate a better perception of 

time and benefit.  

     The purpose of this study was to evaluate the feasibility of improving pregnant women's 

glucose log completion rates using a Bluetooth enabled glucose monitor and associated mobile 

health application and to assess their satisfaction with using mobile health technology. Therefore, 

an acknowledgment that technical issues using and understanding the equipment is imperative.  

Technology proficiency and subsequent difficulty the participants experienced demonstrated an 

effect on their willingness to accept the technology and their interest to use it. Even though each 

of the women approached had a smartphone, this did not necessarily mean they were proficient 

in using the application features (Farmer et al. 2005; Istepanian et al. 2009; Quinn et al. 2008). 

The attrition rate of this study was 37.5%, of which 25% was attributable to technical difficulties 

experienced by the participants. Also, three women who declined did so because of the belief 

they would experience technical difficulties. Istepanian et al. (2009) completed a study in 

London UK with 137 participants. The intervention group was given Bluetooth-enabled serum 

glucose monitors and a cellular phone. The completion rate for the study was 63.5% with 56% of 

the intervention group not completing the study. The result of the UK study indicated there was 
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no significant difference between the control group and those using the Bluetooth technology. 

Istepanian et al. stated that technical issues might have been contributory to the high attrition rate 

for their study (2009). Quinn et al., (2008) evaluated 30 patients with the diagnosis of type 2 

diabetes. The control group had only 7.7% completing the log books per protocol. Limitations 

included the fact that only five of the 15 people in the intervention group consistently used the 

Bluetooth feature of the glucose monitor due to technical issues. A randomized control trial 

conducted in the UK by Farmer et al., (2005) also suffered from technical difficulties, damages, 

or theft of the mobile phones. Preventing theft or damage to personal equipment used for 

monitoring blood glucose levels is not a reasonable goal. However, decreasing the possibility of 

technical difficulties by increasing technology literacy through better education and training on 

health assistive technology and their accompanying applications is not only reasonable but 

should be expected by the consumer and the provider (Cohron, 2015).    

The use of technology in healthcare raises the issue of the "digital divide" which some 

believe may create a more profound disparity in healthcare based on the “haves and have-nots” 

when it comes to connectivity and access to technology-based health applications and patient 

portals. The majority of studies indicate that smartphones have lessened the digital divide gap 

regarding connectivity and access to healthcare information (Bartikowski, Laroche, Jamal, & 

Yang, 2018; Prieger, 2015). Smartphone devices often augment disease education and self-

monitoring of many diagnoses such as diabetes.  Studies have indicated that people with mobile 

connectivity are more likely than persons with fixed connectivity to search for healthcare 

information on the Internet (Prieger, 2015). Sung et al., 2016 conducted a study in Korea that 

included 10,872 observations evaluating how smartphones affected the digital divide for groups 

categorized by age, education, occupation, and income. Sung et al. noted a significant decrease 
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in the digital divide for many of the categories.  

    In this study, all potential participants had access to a smartphone or android device. However, 

there were several who declined to participate due to perceived or experienced technical 

difficulties. There are a variety of barriers to the use of technology in healthcare including lack 

of motivation, pain, social stigma, time, emotional tie to results, or technology literacy (Ong et 

al., 2014; Persson, Winkvist, & Morgren, 2010; Ward et al., 2015; Cohron, 2015). Eric Topal 

(2012) also points out privacy issues; not everyone wants to be constantly connected and 

monitored, with all of their personal information recorded. These points must be kept in mind 

when operationalizing any new technology like this into the clinical setting.      

Suggestions for Further Research  

     Further research is needed to test the use of Bluetooth technology with the GDM population. 

A randomized controlled trial with a larger sample size would be needed to fully evaluate this 

new technologies effectiveness. To include a more diverse study population, non-English 

speaking staff and study coordinators that understand the various cultures should be involved. 

Although respect of the patient’s time is essential, the researcher should insist patients in the 

intervention arm allow for set up prior and competency demonstration before leaving with the 

monitor. Fully funded monitors and supplies should be supplied for both the control and 

intervention group. All persons involved in the care of the study population should receive 

education about the study and the devices. Finally, a champion is needed to integrate full 

potential of the device, and its health applications such as the included cloud feature so the 

providers or nurses can access the results directly, eliminating the need for patients to have 

printers or write down results.   

Strengths and Weaknesses  
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     This study has the potential to demonstrate the feasibility of improved self-management of 

GDM and provide the groundwork for future studies with larger populations. The use of 

Bluetooth-enabled glucose monitors with mobile health applications to aid in efficient and 

complete SMBG management may translate to a decrease in adverse outcomes. 

     However, this was a pilot study, with a small convenience sample and a pre-post study 

design.  Maturation, selection bias, and attrition are all threats to internal validity with the pre-

post study design. This design does not control for the natural progression of the participant's 

knowledge and experience with glucose log completion. Each patient received continued 

encouragement with each visit to complete their glucose logs per standard of care. A selection 

bias may occur if the patients opted for participation due to a desire to receive an iHealth 

glucometer and supplies. It is important to acknowledge that 80% of the participants that 

completed the study started in phase two after providing previous glucose logs, and 100% of the 

participants that dropped out of the study started in phase one indicating that eight weeks may 

have been too long for participation. Social desirability bias may also affect the completion rates 

of the participants as they may improve their written log completion whether it be fact-based 

values or not, due to the desire to please the provider or researcher. The small sample and pilot 

study design inherently limit external validity outside of this clinic setting.  

Nursing Implications   

     The accuracy of patient serum glucose logs allows for better clinical decision making and 

management. Accessible and user-friendly options encourage the continuation of treatment 

plans. Patient satisfaction leads to higher likelihood of task completion and or continuation.  

The use of Bluetooth monitors that sync directly to health applications allows the patient and 

provider to interact with complete information when utilizing the technology as intended.   
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      The clinical implications of this study lie in the nurse’s ability to understand what tools are 

available/accessible to the patient and how to assist the patient in using them to their advantage. 

The review of the literature indicates that GDM presents unique challenges to women on many 

levels, especially SMBG task such as blood glucose logs. Giving the patient a readily available 

toolkit may reduce the burden and stress while capitalizing on capability, opportunity, and 

motivation as behavior change agents. The findings from this project have the potential to guide 

nursing to take better advantage of contemporary technologies that patients already use, such as 

cellular phones, as well as tested diabetic health applications to improve the management of 

GDM and decrease the adverse outcomes associated with it. 

Products of the Scholarly Project 

     This project was designed to provide insight into methods to improving SMBG. Information 

collected during this project will guide further research in the arena of SMBG. A goal of this 

Scholarly project is to add to the body of knowledge seeking to improve outcomes for women 

with gestational diabetes. A manuscript describing the pilot study results will be submitted to the  

Journal of Midwifery and Women’s Health for consideration of publication (see Appendix G). 

This study also has the potential for presentation as a poster at a conference.  A copy of this 

report will be submitted to the MFM clinical director, iHealth, and clinicaltrials.gov.  

Conclusion 

     This pilot study documented that women diagnosed with GDM have the potential to improve 

their glucose log completion rates through the use of Bluetooth technology and diabetic 

healthcare applications. Women are willing to try the technology and are, according to some 

studies, satisfied with its uses. However, this study also highlighted the need to explore what 

creates motivation and desire to complete glucose logs. Suggestions to improve future study 
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design are included.  

     The ultimate goal of SMBG is to decrease adverse outcomes for pregnancies diagnosed with 

GDM. The use of Bluetooth-enabled glucose monitors with mobile health applications may 

translate to a more accurate reflection of the actual meter reading, be more efficient, and more 

complete. The improvement on accuracy, efficiency, and completeness can provide the pathway 

needed for the improved patient to provider communication allowing for more precise and 

collaborative management of this diagnosis and subsequently lessen the incidence of morbidity 

and mortality associated with GDM. 
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Capability  

 

 

 

Figure 1. Health Belief Model integration with COM-B model 
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Opportunity  Motivation   

Educate Training 
Enable 

a. Disease Process  

b. Risk and Benefits of 

SMBG  

d. Relationship between 

dietary management and 

results of SMBG  

e. Relationship of 

complete logs to the 

ability to best manage 

care and avoidance of 

adverse outcomes.  

a. Serum Glucose 

Monitoring with 

glucometer  

b. Review BG Logs  

c. How to use iGluco 

application to find recipes 

for diabetic friendly meals, 

input nutritional 

information about meals 

eaten, and how to 

interpret results.  

a. Patient will set up 

glucometer and application 

account with primary 

researcher 

b. Questions will be 

answered and contact 

numbers for support 

distributed prior to patient 

leaving.  

c. Researcher will be 

available for questions 

each clinical visit for the 

patient.   
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Figure 2.  COM-B Model with interventions for pilot study 
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Figure 3. Literature Review Flow Chart

 

 

 

 

Titles excluded due 

to Irrelevant title.  

n =   14 

Studies remaining 

reviewed further for 

inclusion n = 22 

 
Did not meet inclusion 

criteria based on key 

words n = 1 

 

Did not meet inclusion 

criteria or results not 

published n = 13 

Studies included in 

Literature Review  

n = 11 

 
Met inclusion criteria  

n = 9 

 
Articles added by 

ancestry search n = 2 

 

Potentially relevant 

studies in the initial search 

n = 37 

Studies after Title 

exclusion process.  

n = 23 
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Figure 4. Example of Excel glucose annotation back-up log 
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Figure 5. Procedure Flow Chart.  Adapted from (Mackillop et al., 2016) 

 

 

Meets eligibility criteria  

n =11 

Patient recruited and consent received  

n =8 

Patient will test per treatment 

plan recommended by healthcare 

provider and will record results 

in log book to be brought to 

scheduled clinic visits  

Patient will test per treatment 

plan recommended by healthcare 

provider and will bring 

smartphone with recorded results 

or computer printed log to 

scheduled clinic visits 

 

Patient satisfaction survey 

n = 5 

Phase 1  

Collect 4 weeks 

of SGL 

n = 8 

Phase 2  

Collect 4 weeks 

of SGL 

n = 5 

 

Diagnosed with gestational diabetes  

n =17 
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Figure 6. Participant completion rates phase 1 
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Figure 7. Participant completion rates phase 2 
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Figure 8. Percentage of increase/decrease from phase 1 and 2. 
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Figure 9. Completion rates compared. 
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Starter bundle: $64.99 (Every Day Pricing)  

Includes:  

100 strips ($12.50) 

100 Lancets ($ 4.99) 

Lancing device                                         

Glucometer ($29.99) 

Control solution ($7.00) 

Case  

Charging system  

 

**Not covered through insurance available at  

Amazon, Best Buy, Target, Walmart, Meijer  

Retrieved from: https://duckduckgo.com/?q=ihealth+products&atb=v84-3__&iax=images&ia=images  

https://ihealthlabs.com/glucometer/wireless-smart-gluco-monitoring-system/bundle 

Figure 10. Starter bundle with everyday pricing Illustration. 

https://duckduckgo.com/?q=ihealth+products&atb=v84-3__&iax=images&ia=images
https://ihealthlabs.com/glucometer/wireless-smart-gluco-monitoring-system/bundle
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Table 1 

Table of Evidence for Diabetes SMBG and M-health.  

Study Citation Subjects and setting Design Intervention and Comparison  Outcome 

Farmer et al., (2005) The study was conducted 

in Oxford UK with males 

and females who were 

insulin dependent type 1 

diabetics ages 18-30.   

n = 93 

RCT The control and intervention 

group were given a blood 

glucose monitor with a 

cellular phone capability of 

documenting their insulin, 

dietary, activity, and glucose 

logs.  This information was 

remotely transmitted for both 

groups to a data processing 

facility.  A Diabetes Specialist 

Nurse (DSN) monitored the 

data transmissions and 

responded by contacting the 

patients with concerns, 

solutions, and assisted the 

patient in establishing action 

plans with reasonable goals.  

The intervention group also 

had access to their personal 

information via the internet. 

However, the standard of care 

was given to this group.   

One limitation of the study was 

the 94 incidences of not being 

able to transmit data as needed 

due to technical difficulties, 

damages, or theft of the mobile 

phones provided.  There was a 

12.9% attrition total.  Data 

calculated on intention to treat 

basis. An unpaired t-test was 

used to compare the HgbA1c 

differences between groups. 

There was not a significant 

difference in HgbA1c between 

the control group and the 

intervention group at the nine-

month mark [CI -0.2 – 07], (p = 

0.3).   

Hirst et al., (2014) This study was conducted 

at Oxford University 

Hospitals NHS Trust, 

Oxford, the UK with 52 

women starting the study 

and 49 finishing.  The 

Satisfaction 

of Pilot study  

Participants volunteered to 

use a provided Polymap 

glucose meter accessory with 

Life Scan Ultra Easy meter.  

This meter was equipped with 

Bluetooth technology and 

The Questions and Responses 

to the Oxford Maternity 

Diabetes Treatment Satisfaction 

Questionnaire(OMDTSQ) were 

given on a Likert scale.  There 

were nine questions, and 
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Study Citation Subjects and setting Design Intervention and Comparison  Outcome 

women were diagnosed 

with Gestational Diabetes. 

The article mentions 

women in the study at 

delivery are either diet 

controlled, using 

metformin, insulin, or 

both metformin and 

insulin.  

 

automatically transmitted 

blood glucose (BG) readings 

to an application on a 

smartphone that would further 

transmit via a 3 G network to 

a secured website at the 

National Health Services. The 

transmitted information that 

included not only the BG 

reading but the diet and 

medication as well was 

reviewed by a diabetes 

midwife or physician three 

times a day. The healthcare 

provider would them decide if 

communication with the 

patient was necessary.  The 

participant had the option of 

speaking with the healthcare 

provider either by phone, 

messaging, or in person 

regardless of BG readings.  

Fasting, pre, and 2-hour 

postprandial BG readings 

taken daily with a target of 

4.0 to 6.0mmol/l.  Women 

were allowed to reduce to 

reduce readings to 3 days if 

readings were within the 

target levels. 

responses ranged from -3 to +3.  

Negative three strongly 

disagreed, zero was neutral, and 

+ 3was strongly agreed. The 

Internal consistency of the 

Cronbach’s alpha score was 

0.89. Overall the majority of the 

satisfaction scores were 

strongly positive indicating that 

the use of the m-health 

technology was acceptable and 

functioned as a method of 

communication for results and 

interventions for Postprandial 

Blood glucose.  Limitations 

were the number of patients 

enrolled and no control to 

compare results too.   

 

Istepanian et al., 

(2009) 

The study took place at 

Thomas Addison Diabetes 

RCT Diabetes care and self-blood 

glucose monitoring education 

The completion rate for the 

study was 63.5% with 56% of 
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Study Citation Subjects and setting Design Intervention and Comparison  Outcome 

 

 

 

 

 

 

 

 

 

  

Unit of St. George in 

London UK.  The 

inclusion criteria for the 

patients included patients 

that were ambulatory, and 

over 18 years old with 

exclusions made for 

physically unable to 

complete study task, 

pregnancy, high mortality 

illness, and no consent.   

n = 137.   

was given to both the 

intervention and control 

group. The intervention group 

was given Bluetooth enabled 

serum glucose monitors and a 

cellular phone. The cellular 

phone reminded the patient 

each time a serum glucose 

check was due based on a 

personalized prearranged 

schedule.   Clinicians based at 

St. George’s Hospital in 

London UK received and 

reviewed the results.  

Treatment recommendations 

were then given to the 

patients via letters.  The 

control group received 

standard care and did not use 

the cellular phones to transmit 

their data.   

the intervention group not 

completing the study. The high 

attrition rate was contributed to 

technical difficulties but is 

clearly a limitation of this study 

even when considering an 

intention to treat calculations.  

The results were calculated on 

an intention to treat basis. There 

was no significant difference in 

the HgbA1c for the intervention 

group as compared to the 

control group (p = 0.17).   

Ming et al., (2016) Any pregnant women with 

a diagnosis of gestational 

diabetes mellitus (GDM) 

were eligible for 

enrollment. Seven RCT 

were analyzed, six for 

clinical outcomes and 1 

for patient satisfaction.  

Systematic 

Review 

Meta-

Analysis of 

RCT  

This study was a review of 

RCT studies with the 

inclusion criteria of “any 

system to monitor blood 

glucose remotely utilizing 

either fixed-line phones, 

mobile phones, or Internet-

based systems.” (p. 2) 

The Random Effects Model was 

used for the I2 with greater than 

50% representing high 

heterogeneity. It is worth noting 

that two of the meta-analysis 

ran in this review had an I2 

above 96%, and 2 had an I2 

above 58% indicating that there 

was significant heterogeneity 

for some of the studies 

compared. There was a 
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Study Citation Subjects and setting Design Intervention and Comparison  Outcome 

significant difference in 

HgbA1c between the 

telemedicine intervention 

studies that included all 

diabetes and the control groups 

in the meta-analysis (p = 0.02) 

in favor of the intervention 

groups. There was a significant 

difference in HgbA1c between 

the telemedicine intervention 

groups that included only GDM 

and the control groups in the 

meta-analysis (p = 0.01). Reject 

the null hypothesis.  

Ong et al. (2014) The study was completed 

at a primary care center at 

the University Malaya 

Medical Centre in 

Malaysia.  Participants 

were eligible if they were 

over 21 years old, had a 

diagnosis of type 2 

diabetes, and were 

prescribed insulin. The 

participants had to speak 

English, Malay, or 

Cantonese. Exclusion 

criteria included type 1 

diabetes, gestational 

diabetes, or inability to 

communicate in the 

Qualitative  The purpose of this study was 

to explore the barriers type to 

insulin diabetics faced in 

performing SMBG.  The 

interviews lasted 16-41 

minutes and were recorded 

then transcribed verbatim. 

Interviews were conducted 

until saturation of themes 

occurred.  Analyzes of the 

themes that evolved from the 

detailed and purposeful 

interviewing were completed.   

Pain, motivation, social stigma, 

time, money, and emotional tie 

to results were barriers 

discovered in studies examining 

obstacles to successful SBGM. 

The researchers concluded that 

more research with a larger 

sample was needed. The 

ultimate takeaway for providers 

involved healthcare providers 

becoming familiar with each 

patient’s particular barriers and 

addressing them on an 

individualized scale.    
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Study Citation Subjects and setting Design Intervention and Comparison  Outcome 

languages mentioned 

above.     

Persson, Winkvist, & 

Mogren. (2009) 

The study took place in 

Sweden at local health 

care centers. Swedish 

speaking women 

Diagnosed with 

gestational diabetes were 

recruited for the study.  n 

= 10.   

 

Cross-

sectional 

Qualitative 

study 

The women were interviewed 

in an open and semi-

structured format while being 

tape recorded. The interviews 

lasted from 28-84 minutes. 

The Grounded Theory 

approach was taken to analyze 

the data gathered from the 

interviews. The aim of the 

study was to establish what 

the women experienced and 

how they felt after being 

diagnosed with gestational 

diabetes as well as how they 

adjusted to the change in 

lifestyle 

 

A core category developed from 

the interviews that incorporated 

the expressed experiences of the 

women was coined “From stun 

to gradual balance” (p. 456). 

The influence the diagnosis had 

on the women’s lives formed 

nine other categories” Stuck by 

lightning, Having a personal 

responsibility, Being under 

surveillance, Struggling for 

protection, Feeling socially 

apart, Being Sufficiently 

supported, Changing the self-

image, Adapting to a new 

situation, and Waiting for the 

“Moment of truth””(p. 456).  

The more experienced the 

women had with gestational 

diabetes, the less she felt the 

negative effects of the lifestyle. 

The authors concluded  

 

Quinn, Clough, 

Minor, Lender, 

Okafor, & Gruber-

Baldini, (2008) 

The patients for this study 

had been diagnosed with 

type 2 diabetes for at least 

six months and were 

between the ages of 18 to 

70 years old.  Both male 

and female were enrolled. 

RCT  All patients in this study 

completed a Summary of 

Diabetes Self-Care Activities 

(SDSCA) Questionnaire, a 

complete medical history, and 

had an HgbA1c collected.  

The control group received a 

The intervention group had a 

significantly lower HgbA1c 

compared to the control group 

with p around 0.02.  100% of 

the intervention group had 

completed logs according to 

protocol compared to 7.7% of 
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Study Citation Subjects and setting Design Intervention and Comparison  Outcome 

However, 65% of the 

participants were female, 

and 62% were African 

American. The 

participants HgbA1c was 

required to be above 7.5% 

with a stable therapeutic 

plan in place for at least 

three months before 

enrollment. n = 26 

One Touch Ultra BG meter 

with supplies. They were 

instructed to fax or call in 

their BG results every two 

weeks to their HCP’s until 

their BF was stable or their 

HCP’s changed their regimen.  

They were given usual care 

for the management of 

diabetes.  Patients randomized 

to the intervention group were 

given a Bluetooth enabled 

One Touch Ultra BG meter 

with supplies and a Nokia 

6682 or 6680 cellular phone 

that had the WellDoc’s 

proprietary Diabetes Manager 

software.  The patients were 

instructed how to use the 

technology and what to do if 

it did not work.  The 

intervention group transmitted 

their BG results electronically 

every four weeks or if needed 

sooner. The patient’s behavior 

and an analysis of data with 

trends were automatically 

transmitted by the WellDoc’s 

software. The WellDoc’s 

software would then give the 

patient suggestions on 

activates lifestyle choices, and 

the control group with p < 

0.001.  Overall patients were 

satisfied with the intervention 

system components this was 

true for the physicians as well.  

The control group had less than 

half of the patients satisfied 

with their diabetes management 

with only 8% completing the 

log books per protocol.  None 

of the physicians surveyed were 

satisfied with the management 

of diabetes by their patients.  

Limitations include small 

sample and the fact that only 5 

of the 15 people in the control 

group consistently used the 

Bluetooth feature of the glucose 

monitor due to technical issues. 
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diet if the need for 

improvement was detected. 

After receipt of the data from 

the WellDoc’s software, the 

healthcare provider would 

personalize feedback and 

treatment.     

Stevenson et al. 

(2014) 

This study was conducted 

by the Department of 

Health in England via 112 

clinical sites. The 

inclusion criteria included 

over 18 years old, 

diagnosis of gestational 

diabetes, chronic 

obstructive pulmonary 

disease or heart failure.  

Patients were excluded 

from the study if they 

were unable to understand 

or participate in the 

requirements of the study. 

n = 513.   

RCT/ 

pragmatic  

The intervention arm of the 

study was provided with 

telehealth equipment as well 

as serum glucose monitors, 

blood pressure monitors, 

pulse oximeters, or weight 

scales.  The patient would 

then take readings per an 

agreed upon schedule and 

transmit them remotely to the 

clinical site. Patients received 

feedback based on the results.  

Patients also had the ability to 

transmit questions or concerns 

via telehealth equipment for 

increased support.  Patients in 

the control arm received usual 

care without specific 

telehealth interventions 

There were two specific 

limitations to this trial.  They 

relied on HgbA1c’s that were 

collected based on of patient 

need or provider request versus 

trial protocol potentially 

increasing average HgbA1c 

result. The second limitation 

may have been selection bias 

due to cluster sampling. There 

was a significant difference for 

HgbA1c in favor of the 

intervention group [CI 0.4 

mmol/mol – 4.2 mmol/mol (p = 

0.013).   

Ward, Stetson, & 

Mokshagundam., 

(2015) 

Patient with Type 2 

Diabetes was recruited 

from a hospital-based 

outpatient diabetes clinic 

located in Indiana. 

Inclusion criteria included 

Cross-

sectional 

design 

The participant's height, 

weight, and HgbA1c was 

extracted from the patients’ 

medical chart. Patient 

answered questions from the 

Personal Diabetes 

Several statistical analyses 

were run. The statistical test 

included two and three-way 

ANOVA, T-test, and Chi-

square, Spearman’s Rho and 

Kruskal-Wallis H-test 
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21-90 years of age and 

literate in the English 

language.  Excluded were 

patients with the diagnosis 

of Type 1 diabetes, 

cognitively or mentally 

impaired. n = 589.  

 

Questionnaire (PDQ). The 

completion of this 

questionnaire was 

accomplished either at the 

clinic or by mail.  Increasing 

understanding of how the 

patient perceives SMBG, 

eliciting recommendations, 

defining barriers, and 

becoming familiar with 

patient SMBG practices was 

the stated aim of this study 

analyzed with Mann–Whitney 

U post hoc testing using the 

Holm correction. The patient’s 

had an accurate grasp of their 

glucose control with p values 

less than 0.001 (p <.001). The 

patient’s avoided a question 

pertaining to SMBG behaviors, 

50.3% of the participants left 

this item blank.  

Participants that tested more 

frequently reported higher 

barrier scores.  Young females 

had higher barrier ratings at p = 

.001 for age and p = .021 for 

gender.  The participant's 

perception of being busy was 

associated with this 

phenomenon.  BMI was 

significantly lower for older 

women participating in SMBG 

at least once per week. Having a 

target range for SMBG made a 

significant difference when 

compared to not having one or 

not knowing if one had been 

established (p = .18) 

The authors concluded SMBG 

could be effective if the patient 

knows and understands their 

target blood glucose value. 

Wild et al., (2016) Male and female patients RCT  Baseline information was Adjustments were made for 
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Study Citation Subjects and setting Design Intervention and Comparison  Outcome 

with type 2 diabetes from 

42 clinics England and 

Scotland.  The participants 

were over 17 years old, 

had mobile phone signal 

access at home, and were 

poorly controlled with 

HgbA1c above 

58mmol/mol.  Patients 

with severe range blood 

pressure greater than 

210/135 mmHg, complex 

renal disease, complicated 

cardiac, or other high 

mortality illnesses within 

last six months, and 

inability to perform study 

requirements were 

excluded from the study.    

n = 321 

collected on all participants.  

Bluetooth enabled technology 

transmitted results to research 

nurses for the intervention 

group.  Support for needed 

lifestyle and medication 

alterations were given in 

response to the results 

received by the research 

nurses. At the conclusion of 

the trial that lasted nine 

months, the intervention 

participants were asked to 

follow up with their 

healthcare provider.  The 

control group received usual 

care that included a review of 

their results once a year by 

their Family Practice 

physician or more often if 

they were poorly controlled.   

baseline HgbA1c and analysis 

of covariance to minimize 

strata. Also, the intra-cluster 

correlation was used to examine 

clustering by practice.  

The authors mention potential 

limitations as the inability to 

blind patients and providers, 

lack of representative subjects, 

and uncertainty about the length 

of the effect or how long the 

intervention should be.  The 

attrition rate was 11.2%.  There 

was a significantly lower 

HgbA1c in favor of the 

intervention group [CI 2.38 – 

8.81 mmol/mol] (p = 0.0007).   

Wojcicki et al., 

(2001) 

This study was conducted 

at the Clinic of 

Gastroenterology and 

Metabolic Diseases of the 

Medical Academy in 

Warsaw Poland with 

pregnant patients 

diagnosed with type 1 

diabetes. The participant 

inclusion criteria included 

a dx of type 1 diabetes, 

RCT  

 

A three-day education session 

was given to both groups in 

which the patient had a two-

day hospitalization period and 

an additional training day.  

Six Blood glucose 

measurements were taken per 

day with an aggressive insulin 

treatment using the multi-

injection technique.  The 

researchers compared the 

One weakness identified 

included having the same 

unlimited availability for 

support of the diabetologist by 

phone for the control group.  

Although, there was not a 

significant difference found in 

the HgbA1c levels between the 

control and intervention group 

the intervention group had 

significantly better glycemic 
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Study Citation Subjects and setting Design Intervention and Comparison  Outcome 

pregnancy less than 16 

weeks, no diseases, and 

IQ greater than 85 on the 

Wechsler-Bellevue Scale 

for Adults and an HgbA1c 

less than 9.5%. 

n = 30 

glycemic control of the 

intervention group with the 

usual care group.  The 

intervention group utilized the 

telematic management system 

that would transmit results of 

the patients’ blood glucose 

levels to a healthcare member 

every night before going to be 

A diabetologist would retrieve 

and interpret the information 

using the DiaPreT software 

program and contact the 

patient as needed for 

alterations to the treatment.   

control than the control group 

(p = 0.001). The Mean Blood 

Glucose (MBG) was more 

tightly controlled in the 

intervention group and was 

overall slightly lower than the 

control group. There was not a 

significant difference in the 

MBG between the intervention 

group and the control group (p 

= 0.581).  There was not a 

significant difference in 

HgbA1c for the telematic 

management group compared to 

the control group (p = .772).    
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Table 2. Participant Demographic Collection Log  

ID GDM Smartphone 

Over 

18 

English 

Speaking  Consented 

Phase 

Entered GA/Approach Education Ethnic ID Meds 

           

20100003 yes iphone yes yes yes 2 31w3d T/College C/NH Insulin 

20100004 yes Android  yes yes yes 2 29w6d 11th B/NH Diet 

20100001 Yes iphone Yes Yes yes 2 32w1d S/College C/NH Insulin 

20100002 Yes iphone yes yes Yes 2 31w2d BS C/NH Diet 

20100005 Yes iphone Yes Yes yes 1 25w4d S/College C/NH Insulin 

20100006* Yes Android  Yes yes yes 1 30w5d Nurse  Tanzania/NB Oral 

20100008* yes Android  yes yes No 1 31w6d N/Available B/NH Oral 

20100007* yes iphone yes yes yes 1 27w5d N/Available H/PI Oral 

           

Note. * Participants dropped out of the study in phase 2.  
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Table 3.  

Demographic Characteristics of GDM Patients not in Study  

 Mean 
(SD) 

  (%) 

Gestational Age at 
identification for potential 
recruitment  

29.20 
(2.94) * 

 

   
Race /Ethnicity   

White, non-Hispanic  25.00 
African American/Black, 

non-Hispanic 
 25.00 

Hispanic/Latino  25.00 
Other  25.00 

   
Primary Spoken Language    

English  33.33 
Spanish  25.00 
Korean  25.00 

Unknown  33.33 

Note. n =12. * Missing data for two patients.   
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Table 4 

Demographic characteristics of the Sample  

 Mean  
(SD) 

  (%) 

Age at study entry (years) 34.2 
(6.1) 

 

Gestational Age at entry of  
Study 

29.6 
(2.8) 

 

Education   
4-year Degree  20.0 

Technical College  20.0 
Some College   40.0 

High School  20.0 
Race /Ethnicity   

White, non-Hispanic  80.0 
African American/Black, 

non-Hispanic 
 20.0 

Primary Spoken Language    
English  100.0 

Smartphone type   
iphone   80.0 

Android  20.0 
Phase entered study   

Phase 1  20.0 
Phase 2  80.0 

GDM control treatment    
Diet  40.0 

Insulin  60.0 
   

Note. n =5.  
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Table 5  

PSQ Survey Results  

 
ID 

General 

Satisfaction 

Technical 

Quality Interpersonal Communication Financial Time  Accessibility Why Total  

 
2010001 5 4.75 5 4.5 2 5 4.75 easier to use 31 

 
2010002 4.5 3.75 5 4.5 5 4 4 more accurate 30.75 

 
2010003 4.5 4.5 4.5 3.5 3.5 3.5 4 less work 28 

 
2010004 4.5 4.5 4.5 4.5 4.5 4 4.5 better 31 

 
2010005 3.5 3.75 4 3 4 3.5 3.75 easier to use 25.5 

           

Average  4.4 4.25 4.6 4 3.8 4 4.2 
 

29.25 
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Women diagnosed with GDM have the potential to improve their glucose log completion rates 

through the use of Bluetooth technology and diabetic healthcare applications. 
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Evaluating the Feasibility of using M-Health to Improve Serum Glucose Logs Completion of 

Women with Gestational Diabetes Mellitus 

Abstract 

     Gestational diabetes mellitus (GDM) can cause adverse outcomes for the mother and fetus 

due to hyperglycemia. The purpose of this pilot study is to evaluate the feasibility of improving 

pregnant women's glucose log completion rates using a Bluetooth-enabled glucose monitor and 

associated mobile health application and to assess their satisfaction with using mobile health 

technology. Methods: This project utilizes a quasi-experimental pre-post design. Over the course 

of 8 weeks, participants completed serum glucose logs (SGL). In phase one the participants 

collected logs for four weeks using their standard glucose meter followed by phase two in which 

the participant used a provided Bluetooth-enabled glucometer with the iGluco application for 

four weeks. Eligibility for this study included but was not limited to a diagnosis of GDM, 

English or Spanish speaking, and ownership of a smartphone capable of running the mobile 

health application. Data collected included demographic information, serum glucose logs, and a 

satisfaction survey. Results: Five participants completed the study. The average completion score 

was 74.82% in phase one and 81.73 in phase two (a difference of 6.91%). The iHealth 

glucometer was the preferred monitor with overall satisfaction of the diabetes care received. 

Implications: This study has the potential to help demonstrate the feasibility of improved self-

management of GDM and provide the groundwork for future studies. Conclusion: The use of 

Bluetooth-enabled glucose monitors with mobile health applications may translate to a more 

accurate reflection of the actual meter reading, be more efficient, and more complete.   

Key terms: M-Health, Gestational diabetes mellitus (GDM), Bluetooth, Serum glucose log  

(SLG), Self-Monitoring of blood glucose (SMBG). 
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• Self-monitoring of blood glucose (SMBG) task completion is as low as 26% in the 

United States for patients diagnosed with diabetes2,3. 

• Blood glucose logs are an important tool for management of diabetes, further 

supporting the need to integrate more accurate methods of collecting serum glucose 

log data 

• The improvement of accuracy, efficiency, and completeness with serum glucose 

logs can provide the pathway needed for the improved patient to provider 

communication allowing for more precise and collaborative management of 

gestational diabetes (GDM) and subsequently may lessen the incidence of morbidity 

and mortality associated with it.8 

• The clinical implications of this study lie in the nurse’s ability to understand what 

tools are available to the patient and how to assist the patient in using them to their 

advantage. 
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Gestational diabetes mellitus (GDM) can cause adverse outcomes for the mother and 

fetus due to hyperglycemia.1 The most efficient and cost-effective way to manage diabetes and 

GDM is to have the patient monitor their serum glucose on a schedule agreed upon by the 

provider and patient.2-4 The patient then records the results of the self-tested serum glucose over 

time providing date and time of result in a glucose log. This method allows the patient to see 

how their diet affects their serum glucose and make daily adjustments to their diet and 

medication. This task is also a pathway for the provider to engage the patient in personal 

decision making for the patient’s treatment plan. A complete and accurate serum glucose log is 

critical to communicating the results of each test performed. The review of the literature 

indicates that self-monitoring of blood glucose (SMBG) task completion is as low as 26% in the 

United States for patients diagnosed with diabetes.2,3 In three separate studies pain, motivation, 

social stigma, time, money, and emotional tie to results were identified as barriers to successful 

SMBG.2,4,5 Other significant barriers included understanding the disease, plan of care, and 

testing process.4   

The purpose of this pilot study is to evaluate the feasibility of improving pregnant 

women's glucose log completion rates using a Bluetooth-enabled glucose monitor and associated 

mobile health (mHealth) application and to assess their satisfaction with using mobile health 

technology. This pilot study utilizes a quasi-experimental pre-post longitudinal design over eight 

weeks with a convenience sample of pregnant women diagnosed with Gestational Diabetes 

(GDM). This pilot study took place at a Maternal-Fetal Medicine Clinic located in a mid-Atlantic 

tertiary care center that serves approximately 278 women diagnosed with GDM a year.6  

Methods 
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This study utilized a prospective, longitudinal quasi-experimental pre-post design in two 

phases. Institutional IRB approval was obtained prior to data collection. In phase one the 

participants collected logs for four weeks using their standard glucose meter followed by phase 

two in which the participant used a provided Bluetooth-enabled glucometer with the iGluco 

application for four weeks. Eligibility for this study included but was not limited to a diagnosis 

of GDM, English or Spanish speaking, and ownership of a smartphone capable of running the 

mobile health application. Data collected included demographic information, serum glucose logs, 

and a satisfaction survey. 

The primary outcome measure of this pilot study was glucose log completeness measured 

on a scale of zero to 100%. The glucose logs annotate each glucose result, if the patient is diet 

controlled or taking medications, and if data transcription comes from the study coordinator or 

participant. Demographic data collected included education level, cultural/ethnic/racial identity, 

primary language, gestational age, and type of diabetes control (see Table 1). A satisfaction 

survey adapted from the RAND Health PSQ-18 satisfaction survey to reflect diabetes care 

retrieved from https://www.rand.org/health/surveys_tools/psq.html was used to measure 

satisfaction with the diabetes care received during the study.7 This survey provides 18 likert 

scale questions with scores for each question ranging from one to five. There is an additional 

open-ended question included asking the participants to disclose the glucometer they liked best 

during the study and their rationale.  

Each participant received an iHealth Bluetooth-enabled glucometer with supplies enough 

to complete four weeks of serum glucose monitoring and training on how to use it by the primary 

investigator for phase two of the study. The study coordinator offered assistance downloading 

the iGluco application along with training to utilize the glucometer with the application. A 

https://www.rand.org/health/surveys_tools/psq.html
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demonstration and written instructions for printing the glucose log from the application was 

given with instruction how to view the iHealth/iGluco support web page. 

Descriptive statistics were used to summarize the data collected. The data was analyzed 

using SPSS v. 24. Glucose log completeness was calculated using the total number of actual 

entries divided by the total number of required entries.   

Results 

Sample    

During the recruitment period, 17 women had a diagnosis of GDM. Of these 17 women, 

four did not meet eligibility due to speaking a language other than English or Spanish, or the 

women’s condition made delivery uncertain. Two patients were unavailable due to repeatedly 

missed appointments. Three women declined to be in the study due to technology concerns. 

Eight participants enrolled and were consented to be in this study. Five participants completed 

both phases with surveys resulting in a 37.5% attrition rate.  

The participants ranged in age from 27 to 43 years old. The majority of participants were 

Caucasian-non-Hispanic (80%) or Black/non-Hispanic (20%). Education varied with 20% four-

year degree, and 40% some college, 20% technical college, and 20% high school education. 

Everyone who consented to be in the study spoke English. Mean gestational age at entry into the 

study was 29.6 weeks. Two of five participants (40%) used nutrition therapy alone, and three of 

five (60%) used insulin and nutrition therapy for their GDM. See Table 1 for more detailed 

demographic information about the participants in this study.  

Glucose log completion 

     In phase one (standard monitor and paper logs) the average completion score of the five 

remaining participants was 74.82% (see Figure 1). In phase two (iHealth/iGluco) the average 
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completion score was 81.73%, an improvement of 6.91%. A sign test was used to calculate the 

significance of three out of the five participant scores increasing between the two phases. This 

test resulted in no significant difference between the two phases for the number of participants 

increasing their completeness score compared to the number of participants decreasing their 

score with p = 1.00.  

Satisfaction 

     Each participant surveyed indicated the iHealth was their preferred monitor. Two participants 

(40%) felt the iHealth monitor was easier to use; another felt it was less work, the remaining two 

participants expressed it was a better monitor, and more accurate than their standard monitor. 

The PSQ-18 survey results indicated satisfaction with the diabetes care received with an overall 

score of 29.25 out of 35 possible and an average score of 4.4 out of five for general satisfaction  

Discussion 

          An overall increase of 6.91% from 74.82 to 81.73 in the blood glucose log completeness 

suggests that although technology such as Bluetooth-enabled monitors and diabetes health 

applications may not completely solve the issue of incomplete glucose logs, their use may 

improve completion rates. Improving glucose log completion may enable better communication 

between healthcare providers and patients allowing for more appropriate treatment plans. These 

treatment plans can lead to a decrease in serum glucose levels.8  Ming et al. conducted a 

systematic review studies that included Bluetooth-enabled monitors showing a significant 

difference in HgbA1c between the intervention groups and the control groups (standard care) in 

the meta-analysis (p = 0.01).9 Another study utilizing transmitting technology included 513 

participants found a significant difference for HgbA1c in favor of the intervention group (p = 

0.013).10  
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The purpose of this study was to evaluate the feasibility of improving pregnant women's 

glucose log completion rates using a Bluetooth-enabled glucose monitor and associated mobile 

health application and to assess their satisfaction with using mobile health technology. However, 

some technical issues using and understanding the equipment was noted. Technology proficiency 

and subsequent difficulty the participants experienced demonstrated an effect on their 

willingness to accept the technology and their interest to use it. Even though each of the women 

approached had a smartphone, this did not necessarily mean they were proficient in using the 

application features.11-13 The attrition rate of this study was 37.5%, of which 25% was 

attributable to technical difficulties experienced by the participants. Also, three women who 

declined did so because of the belief they would experience technical difficulties.12 Istepanian et 

al. completed a study with 137 participants. The intervention group was given Bluetooth-enabled 

serum glucose monitors and a cellular phone. The completion rate for the study was 63.5% with 

56% of the intervention group not completing the study. The results of that study indicated there 

was no significant difference between the control group and those using the Bluetooth 

technology.12 Istepanian et al. stated that technical issues might have been contributory to the 

high attrition rate for their study (2009).13 Quinn and colleagues evaluated 30 patients with the 

diagnosis of type 2 diabetes. The control group had only 7.7% completing the log books per 

protocol. Limitations included the fact that only five of the 15 people in the intervention group 

consistently used the Bluetooth feature of the glucose monitor due to technical issues. A 

randomized control trial conducted in the UK by Farmer et al.  also suffered from technical 

difficulties, damages, or theft of the mobile phones.11 Preventing theft or damage to personal 

equipment used for monitoring blood glucose levels is not completely avoidable. However, 

decreasing the possibility of technical difficulties by increasing technology literacy through 
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better education and training on health assistive technology and their accompanying applications 

is not only reasonable but should be expected by the consumer and the provider.14  

Further research is needed to test the use of Bluetooth technology with the GDM 

population. A randomized controlled trial with a larger sample size would be needed to fully 

evaluate the effectiveness of this technology. To include a more diverse study population, non-

English speaking staff and study coordinators that understand the various cultures should be 

involved. Although respect for the patient’s time is essential, the researcher should insist that 

patients in the intervention arm allow for set up and competency demonstration before leaving 

with the monitor. It should be noted that this was a pilot study, with a small convenience sample 

and a pre-post study design. Maturation, selection bias, and attrition are all threats to internal 

validity with this study design. This design does not control for the natural progression of the 

participant's knowledge and experience with glucose log completion. Each patient received 

continued encouragement with each visit to complete their glucose logs per standard of care. A 

selection bias may occur if the patients opted to participate due to a desire to receive an iHealth 

glucometer and supplies. Social desirability bias may also affect the completion rates of the 

participants as they may improve their log completion due to the desire to please the provider or 

researcher. The small sample and pilot study design inherently limit external validity outside of 

this clinic setting. 

The clinical implications of this study lie in the nurse’s ability to understand what tools 

are available/accessible to the patient and how to assist the patient in using them to their 

advantage. The review of the literature indicates that GDM presents unique challenges to women 

on many levels, especially SMBG task such as blood glucose logs. The findings from this project 

can help guide health care providers to take better advantage of contemporary technologies that 
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patients already use, such as cellular phones, as well as diabetic mHealth applications to improve 

the management of GDM and help decrease the adverse outcomes associated with it. 
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Table 1 

Demographic characteristics of the participants that completed the study.  

 Mean  
(SD) 

  (%) 

Age at study entry (years) 34.2 
(6.1) 

 

Gestational Age at entry of  
Study 

29.6 
(2.8) 

 

Education   
4-year Degree  20.0 

Technical College  20.0 
Some College   40.0 

High School  20.0 
Race /Ethnicity   

White, non-Hispanic  80.0 
African American/Black, 

non-Hispanic 
 20.0 

Primary Spoken Language    
English  100.0 

Smartphone type   
iphone   80.0 

Android  20.0 
Phase entered study   

Phase 1  20.0 
Phase 2  80.0 

GDM control treatment    
Diet  40.0 

Insulin  60.0 
   

Note. n =5.  
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Figure 1. Completion rates compared  
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