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Abstract

Diabetes is a chronic disease that is widely recognized as one of the leading causes
of death and disability in the United States. Given the chronic nature of diabetes, self-
care management is key to improving patient outcomes and reducing the burden on the
healthcare system. Self-monitoring of blood glucose is integral to self-care management
of diabetes. Blood glucose monitoring is a shared responsibility, and constant
communication between the patient and provider is vital in the daily management of
diabetes, including diet, exercise, medications, and monitoring of blood glucose levels.
When the patient does not have insurance coverage, frequent clinic visits for blood
glucose monitoring and medication adjustments may become unaffordable, causing
patients to remain undertreated or untreated for long periods of time. In such instances,
a web-based log of daily glucose levels that is shared between the patient and the
clinician may reduce the need for frequent clinic visits resulting in lower costs and more
accessible care for low income or uninsured patients. In this project, 30 Type 2 Diabetes
Mellitus patients maintained a shared web-based log on Diabetes 24/7, which was also
accessible to the investigator, for one month. The investigator monitored their blood
glucose levels daily and provided feedback to the patients as needed based on the
reported levels. Analysis using the Wilcoxon Signed-Rank Test indicated that the data
was significant at p<0.0001 (study calculated p<0.00008), indicating the effectiveness of
a shared web-based blood glucose log in the daily management of diabetes.

Keywords: Type 2 Diabetes Mellitus; Blood glucose monitoring; Wilcoxon signed-rank test.

Introduction

Diabetes is a major health problem in the United States (US), affecting approximately
9.3% of the population (Centers for Disease Control and Prevention [CDC], 2014). Patients
with diabetes are at greater risk of developing heart disease, stroke, blindness, kidney
failure, neuropathy, and amputations. Recent studies have projected that by 2050, the
prevalence of diabetes will increase to between 21% and 33% of the U.S. population
(CDC, 2011a). According to a World Health Organization (WHO) report (2011), diabetes
is the seventh leading cause of death in the US, and present trends suggest that diabetes-
related mortality will become the leading cause of death in the future. Diabetes is a
chronic disease and self-care management is key to improving patient outcomes and
reducing burdens on the healthcare system in terms of utilization and healthcare costs.
Hence, itisimportant to develop targeted interventions to promote self-care management
among diabetes patients. Self-care management of diabetes is multifaceted and includes
diet, exercise, stress management, and medications—all aimed at maintaining blood
glucose level within the normal range. Responsibility for blood glucose management is
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shared between the patient and the clinician, and constant
communication is vital to achievement of desired diabetes
management outcomes. Consequently, daily monitoring of
blood glucose levels and communication of results to the
clinician for timely feedback will best achieve effective short-
term blood glucose maintenance and optimum diabetes control.

Problem Statement

Diabetes is an epidemic affecting the U.S. population, and
there is widespread disparity among affected groups with
diabetes and associated complications. Non-White racial and
ethnic populations experience a greater incidence of morbidity
and mortality resulting from diabetes and its complications [3].
Diabetes is more prevalent among Hispanics in the US and their
risk of developing diabetes is 66% higher compared to non-
Hispanic White adults. Diabetes is the fifth leading cause of
death among Hispanics in the US and is a leading cause of heart
disease, stroke, kidney disease, blindness, and amputations
(CDC, 2011b). Furthermore, Hispanics were 1.5 times as likely as
non-Hispanic Whites to die from diabetes (Department of Health
and Human Services, Office of Minority Health, 2011).

Self-care management is the primary treatment strategy
for controlling diabetes; however, ensuring adherence to the
treatment protocol and achieving lifestyle modifications have
been major challenges for family practice providers who treat
patients with diabetes. Diabetes requires managing different
aspects of care every day. Sporadic communication between
patient and provider only during scheduled visits is a major
factor disrupting continuity of care and contributing to poor
adherence [4]. evaluated a web-based diabetes self-
management program, Diabetes Connect (DC), to help patients
effectively manage their diabetes and improve clinical
outcomes [5]. Proposed use of an Internet-based blood glucose
monitoring system (IBGMS) to improve diabetes control.
Patients responded positively in a pilot study of a shared
glucose monitoring web application, the Diabetes Connected
Health (DCH), created by [7]. Multiple online tools are available
to help patients log blood glucose levels for self-care management,
but they lack the ability to share the information instantly with
the provider and receive timely feedback and guidance toward
achieving daily blood glucose control. This is especially important
for patients experiencing sustained difficulty controlling blood
glucose who require frequent adjustment of their medication
regimens. Using a shared web-based tool for secure
communication between patient and provider could lead to
improved control of blood glucose levels for diabetes patients.
In this project, the Pl evaluated the effectiveness of the Diabetic
24/7 web log from the American Diabetic Association (ADA) in
improving the blood glucose levels of diabetic patients.

Project Purpose

The overall purpose of this project was to assess the
effectiveness of a web-based blood glucose log, Diabetes
24/7, shared between the patient and provider in managing
the blood glucose levels of adult patients with Type 2 Diabetes
Mellitus at a suburban Houston, TX family practice clinic.

PICO Question

How effective is a web-based blood glucose log shared
between the patient and provider in controlling the blood
glucose levels of adult patients with Type 2 Diabetes Mellitus
in a suburban Houston, TX family practice clinic?

Population Adult Type 2 Diabetes Mellitus patients at a
suburban Houston, TX family practice clinic

Intervention Web-based log shared between clinician and
patient

Comparison Patients receiving standard diabetes care at the
clinic

Outcome Reduction in blood glucose level to <126 mg/dl

Review of Literature

Self -monitoring of blood glucose (SMBG) is integral to the self-
care management of diabetes. Primary caregivers commonly
request that patients bring a record of their daily home-based
blood glucose readings to their regular appointments so that
providers can evaluate their daily pattern of blood glucose
management [6]. Determined through their retrospective cohort
study that SMBG is highly effective in preventing complications and
achieving long-term control of Diabetes Mellitus, however a similar
study conducted by [2] reported that a minority of diabetes patients
actually made SMBG data available to their providers. Boyd-
Woschinko and colleagues (2013) further indicated that when
patients did make SMBG data available, insulin-dependent patients
with poorly controlled diabetes showed significant reductions in
glycosylated hemoglobin (HgbA1C) levels.

The sharing of SMBG data between patient and provider
only during clinic visits has the significant disadvantage of
preventing timely feedback from the provider, thus contributing
to decreased patient adherence. Diabetes patients often try to
manage fluctuating daily blood glucose between clinic visits
without consulting their provider, frequently leading to
uncontrolled blood glucose. Improved communication and
appropriate medication titration through concurrent sharing of
blood glucose results with clinicians may help diabetes patients
achieve normal blood glucose levels more quickly. Technological
developments have made instant communication possible
anywhere and everywhere, making timely communication and
feedback on patient health data more feasible and cost-effective
in primary care settings and promising a better quality of life for
patients with diabetes.

With the advent of versatile mobile applications, it is not
surprising that multiple mobile applications for the management
of blood glucose levels have been developed [1]. Tested one such
smart phone-based diabetes management system and reported
a remarkable two-point drop in participants’ HbA, _levels within
90 days [8]. Investigated the effectiveness of an educational
intervention on glycemic control in Type 2 Diabetes Mellitus
patients that used cellular telephones, short messaging service
(SMS), and the Internet. In a 12-month study in which patient
data were monitored weekly and timely provider feedback was
offered, HbA, _values of less than 7% were observed. Although
they are widely regarded as effective and versatile, mobile

Madridge J Case Rep Stud.
ISSN: 2639-4553

Volume 2 « Issue 2 « 1000120 81



Madridge Journal of Case Reports and Studies

applications have multiple issues such as difficulties with device
compatibility, cellular network access, and data management.

Multiple reliable web-based proprietary software applications
for blood glucose monitoring have been developed that do not
experience the same usability issues associated with smart-phone
applications [7]. Conducted a pilot study of a shared glucose
monitoring web application, Diabetes Connected Health (DCH),
which allowed patients and clinicians to view, evaluate, and discuss
blood glucose data [4]. tested a similar web-based software
program called Diabetes Connect (DC) for 12 months, and reported
that early patient engagement and continuous active participation
resulted in superior clinical outcomes as compared with unengaged
patients. Patient engagement includes daily blood glucose
monitoring, daily entry of blood glucose values into the software,
adherence to medication, dietary, and exercise regimens as
recommended by the clinician. Kwon and colleagues (2004) also
demonstrated the superiority of an IBGMS over traditional
outpatient management strategies for improving diabetes control
in a three-month randomized controlled clinical trial with 110
patients. At the 12-week follow-up examination, a decrease in
HbA,_levels from 7.59% to 6.94% was observed in the intervention
group (P< 0.001). The authors of these studies concluded that
IBGMSs were well received by the patients and highly effective in
achieving better clinical outcomes, however these programs are
costly when implemented through a contracted third-party service.
In addition, involvement of a third-party contractor introduces the
issue of protected health information and the potential for a breach
of patient privacy. Therefore, a low-cost IBGMS that can be easily
implemented and managed by individual clinics is a viable
alternative to the proprietary software applications.

In summary, the reviewed literature indicates the
importance of SMBG and of the timely communication of
daily values to the clinician in achieving optimal glycemic
control and improved quality of life among diabetic patients.
The current gap in timely communication between patients
and clinicians calls for innovative solutions to facilitate real-
time consultation; therefore, the purpose of the proposed
project is to evaluate the potential of a technological
intervention to overcome this challenge.

Patient self-efficacy and self-confidence with respect to
adherence to prescribed therapeutic regimens, leading to and
sustained diabetic control and better health outcomes.

Process and Outcome Objectives

Implementation

Approval from the Institutional Review Board (IRB) and written
permission from the clinic director were obtained prior to
implementation of this project at the South Belt Clinic in Houston,
TX. Medical records of patients at the South Belt Clinic were
reviewed to identify potential participants for the project, who
were subsequently approached by the investigator to request
their participation in the project. The scope of the project, including
the risks and benefits they might incur, was explained to all
volunteers and a signed informed consent was completed by each
participant. Thirty adult patients in the 30-60 years old age group
who possessed minimum computer literacy with basic knowledge
of applications like Microsoft Office and web browsing were
recruited for the project. This project used the blood glucose
management function of the free web application called Diabetes
24/7 from the ADA website to create and maintain a blood glucose
log that was accessible by both the patient and the investigator.
Participants completed a socio demographic data sheet identified
by their assigned code number. The investigator then helped each
participant to create a Diabetes 24/7 account, access the web-
based blood glucose monitoring log, and authorize the
investigator to view their blood glucose entries. The participants
entered their daily fasting (AM) and bedtime (PM) finger stick
blood glucose values into the log over a 30-day period. The
investigator monitored trends in patient blood glucose values
once daily and provided feedback as needed using the encrypted
message function within the Diabetes 24/7 system. The project
was implemented between April 1, 2014 and June 30, 2014. The
data from Diabetes 24/7 was later transferred to a Microsoft Excel
spreadsheet for analysis using SPSS (IBM, New York, NY).

Data Analysis

The project’s expected outcomes were evaluated through
descriptive (e.g., mean, median, mode, and standard deviation)
and inferential (t-test) statistics analysis of the blood glucose
values to determine whether there was a statistically significant
difference between blood glucose levels at beginning and
end of the study. In addition, demographic data were analyzed
to describe the sample of participants. The blood glucose
data was extracted from the Diabetes 24/7 blood glucose log
of each patient. Figure 3 is a sample of a patient record
created and maintained using the Diabetes 24/7 monitoring
system.

240
The process and outcome objectives of this project are: ‘;‘Sg__' u
o ¢ -
1. To determine the user friendliness of the Diabetes 24/7 |3 180 —a—g 2 e =
web-based blood glucose log in recording and closely | £ 128 ne * e %%, o 0
monitoring the blood glucose values of patients with | & 15 - x o oo
diabetes who are on medication management 100
. . 80
2. To evaluate the effectiveness of the Diabetes 24/7 60 ' ' ' ’ '
blood glucose log in helping the patients to achieve /4/2014 /1172014 5182014 /25/2014 6/1/2014
desired blood glucose values over a 30-day period st
3 To determine the effectiveness of Digbetes 24/7 in ® Value Early Morning Value Late Evening Value Overnight
’ . . . % Value Early Evening W Value Bedtime Beyond Target Range
promoting adherence to self-monitoring of blood
glucose in adult patients with Type 2 Diabetes Mellitus Figure 3. Sample Diabetes 24/7 blood glucose log.
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Thus, the Diabetes 24/7 program yielded prospective
data of daily AM and PM blood glucose values as entered by
each participant in their blood glucose log, which was shared
between the participant and the investigator. Trends in blood
glucose levels were monitored by the investigator and
patients were given timely feedback with the goal of achieving
normal blood glucose levels. Collected data was transferred
to a Microsoft Excel spreadsheet for statistical analysis using
SPSS (IBM, New York, NY).

Demographic data was also extracted from the sociodemo
graphic questionnaires completed by each participant and a
descriptive statistical analysis was performed to describe the
sample as shown in Table 1.

Table 1. Sample Demographic Data

Frequency |Percent |Valid Percent |Cumulative Percent
Gender
Males 19 633 [63.3 63.3
Females 1 367 367 100.0
Ethnicity
Caucasians 5 16.7 16.7 16.7
Hispanics 16 533 533 70.0
Asians 5 16.7 16.7 86.7
African Americans |4 13.3 133 100.0
Total 30 100.0 {100.0

Although thirty adult patients were recruited for the
project, four patients did not complete the study for personal
reasons, leading to a 13% attrition rate and a final sample of
26 patients.

Table 2. Descriptive Statistics of Blood Glucose Values

Although patients recorded their blood glucose values in
the morning and evening, there were several inconsistencies
in the evening recording times and the statistical analysis of
the aggregate data included only the AM readings. The results
of the statistical analysis of blood glucose values are shown in
Table 2.

Glucose Levels
150 200 250 300

1A 30A

Day

Figure 4. Box plot of glucose change. (1A = First Day, 30A = Last
Day)

The overall blood glucose values for the sample
population ranged from 110-318 mg/dl and the observed
changes in glucose values ranged from 40-185 mg/dl over
the 30-day study period.

200
180
160 B

Change in Blood Glucose Values (mg/dl)

Day N Minimum  |Maximum |[Mean Std. Deviation o m_BRBRRR 1 _B Hill s
1A 30 165 310 23327 46.367 o BENRN-HN N SRR BR-NENER .
2A 30 |156 318 228.20 42227 o Bul RN NSianl REGNRERNRENENRE
3A 29 143 298 223.83 44.943 o ETEEETIEIRIEEEIRIIEEELETRE RE O
4A 29 133 292 219.76 41.973 0

SA 28 130 276 21261 41243 i 2 3 45 6 7 & 9 il 18 6 s 06 itz W5 118 200 21, 27) 723 2065 25 245 277 243 22) 210)
6A 27 150 270 211.15 36.283 Figure 5. Overall change in glucose values over a 30-day period
;: Z Bg ;22 ;gz;g z;z;g The mean glucose level for the first day was 237.2 (45.92)
9A 7 276 19759 37735 and for the last day was 138.0 (21.74). Before inferential
10A 27 1132 258 19137 37372 testing, the normality assumption of the glucose levels for
11A 27 120 250 185.04 35.228 both days was tested using the Shapiro-Wilks Test assuming
12A 26 112 243 181.12 35.299 a null hypothesis and normal distribution. However, the
13A 26 119 259 176.92 34.531 distribution for the last day was not normal, so a dependent
14A 26 |116 243 16.69 3.519 t-test was not used. A dependent Wilcoxon Signed-Rank test
15A 26 118 240 167.77 32434 was used to test the differences between the first and last
16A 26 |118 235 166.46 32113 ; . o

17A % 118 >3 16531 31497 days. Because the.data was pa|regl (meaning that it is the
18A %6 109 234 166.62 33781 same person but different observations for the two days), the
19A 26 1112 222 162.04 30176 dependent test was chosen. With a null hypothesis that
20A 26 |116 245 159.46 32.175 glucose levels were equivalent on both days, the test
21A 26 |19 264 160.58 36361 calculated a p-value of 0.00008. This indicates that the null
22A |26 12 218 152.96 28.993 hypothesis would be rejected, signifying a significant
23A 26 109 232 151.73 32.708 difference in glucose levels between the first and last days.
24A 26 |108 218 146.54 28.785

25A 26 ]100 222 148.38 30.007 . .

26A 26 |110 206 145.73 26228 Discussion

27A 26 115 190 140.73 22.506 . . .

28A % T 201 13854 21907 This project tested th'e effectwenes; of a wep-’based log
20A % 112 210 138.96 23778 shared between the patient and provider in aiding blood
30A 26 1115 513 138.04 51739 glucose management in a primary care setting. The web-
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based blood glucose log has been described in multiple
studies as a useful tool for successful self-care management
in patients with uncontrolled diabetes [4], [7]. In this project,
constant supervision of each patient's blood glucose levels by
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Recommendations
This study should be replicated using a larger sample, but
with some modifications to the protocol. It should also be
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Mellitus.
Conclusion
Patient adherence to the recommended therapeutic
regimen is a constant challenge in primary care management
of Diabetes Mellitus. This small scope project demonstrated
the effectiveness of a web-based blood glucose log in
improving patient and provider communication to achieve
daily management of blood glucose level without frequent
clinic visits. The expected long-term outcome of this project is
implementation of a web-based monitoring system in the
clinic to follow up with patients who require close monitoring
of their daily blood glucose levels. The goal would be to
achieve and/or maintain a fasting blood glucose level of
126mg/dl without the need for multiple, frequent clinic visits
to adjust medication regimens.
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