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ABSTRACT

Objective: Web-based diabetes management can be used to provide frequent interactions be-
tween patients and providers and thus result in improved glycemic control.

Methods: In a single-center, prospective feasibility study, 16 poorly controlled patients with
either type 1 or 2 diabetes mellitus were enrolled to assess the impact of using MyCareTeam"”,
a web-based diabetes management application, for diabetes management. Patients were asked
to transfer their blood glucose data electronically, maintain exercise logs, and communicate with
their provider via MyCareTeam. The provider gave clinical interventions to optimize blood glu-
cose control and provided feedback via MyCareTeam. Diabetes, nutrition, and exercise infor-
mation was also available via MyCareTeam.

Results: A significant reduction of over 2.22% points in hemoglobin A1C was seen for the to-
tal patient population. Differences between moderate/heavy users (n = 8) versus light/never
users (n = 8) of MyCareTeam were evaluated for intergroup differences based upon utilization.
Moderate/heavy users had a significant 6-month A1C reduction of 3.15 percentage points com-
pared with a reduction of 1.28 percentage points in light/never users. Other secondary end
points were improved as well, including systolic blood pressure, diastolic blood pressure, total
cholesterol, high-density lipoprotein, low-density lipoprotein, and triglycerides. However, as ex-
pected, body mass index levels increased because of aggressive diabetes management with in-
sulin therapy.

Conclusions: These results demonstrate a significant treatment effect from the MyCareTeam
application. A larger randomized control trial is under way at the Boston Veterans Administra-
tion Healthcare System. If these results are confirmed as expected, then web-based diabetes man-
agement may prove to be the link to achieving target American Diabetes Association glycemic
goals in patients with poorly controlled diabetes.

INTRODUCTION glucose levels to prevent complications of dia-

betes. Despite newer therapeutic agents and

RESULTS FrROM the Diabetes Control and
Complications Trial' and the United King-
dom Prospective Diabetes Study? show the im-
portance of maintaining near-normal blood

regular interventions from primary care physi-
cians and subspecialists, obtaining optimum
glycemic control remains a challenge.? In previ-
ous studies better glycemic control is associated
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with reduced rate of admissions for selected
short-term complications with subsequent re-
duced medical charges for these complications
over a 3-year period. The potential short-term
economic benefits are important to consider
when making decisions regarding the adoption
and use of new interventions for the manage-
ment of diabetes.* In addition to better health
outcomes, strategies that improve control may
have substantial economic benefits in reducing
healthcare costs.

Telemedicine has various applications in di-
abetes care, including as a method of increas-
ing efficacy of patients’ self-management that
may lead to improved glycemic control.>®
Telemedicine systems improve communication
of the patient with the hospital-based diabetol-
ogist, allowing doctors to assess the patient’s
data frequently with needed interventions. It
provides patients with provider-based support
as they learn their disease and make appropri-
ate changes in their care under the provider’s
guidance. This fosters the needed indepen-
dence that will aid in obtaining glycemic con-
trol targets.”

Diabetes management using computer tech-
nology has the potential to improve clinical
outcomes as compared with conventional ther-
apy. A study using a computer voice-activated
system available for physician-directed man-
agement 24 h daily showed that with its use he-
moglobin A1C levels were reduced by 1.0-3.0%
in patients actively using the system compared
with controls. In addition, diabetes-related
crises (hyperglycemia or hypoglycemia) were
reduced.® In another study looking at time and
cost savings using telemanagement for patients
on intensified insulin therapy investigators
found an increase in time spent by physician
for telemanagement compared with conven-
tional management moderately higher. How-
ever, a cost savings of approximately 650 Euro
per patient was seen as well as a significant de-
crease in A1C from 8.2% to 7.0% after 8 months
of observation.? Their study used glucose me-
ters and telephone modems to transfer blood
glucose readings to a physician for review. The
physicians displayed and reviewed the read-
ings using special software and then contacted
the patients via telephone every 2—4 weeks for
consultation. Chase et al.! showed that elec-
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tronic transmission of blood glucose values and
other clinical data every 2 weeks reduced costs
associated with clinic visits and showed no sig-
nificant differences in A1C or mild to moder-
ate hypoglycemic events.

In the past decade, computer-assisted inter-
ventions, using Web-based telemedicine tech-
nology, have been developed for a variety of be-
havior changes, including dietary change,!!-13
smoking cessation,'*>!* and exercise.!>!® Several
studies have shown that telemedicine has proven
beneficial for the population with diabetes in
A1C reduction with dietary changes!® and
changes in intensive insulin therapy in pregnant
women with diabetes.!”

The target population we chose to study was
patients with type 1 and type 2 diabetes hav-
ing chronic poor control. Our hypothesis is that
the standard model of follow-up visits every
2-3 months may not be sufficient to achieve
American Diabetes Association (ADA) glyce-
mic target goals for patients with poor control.
This subset of patients with diabetes may need
a shorter “intervention interval” (INTVy)
(weekly vs. monthly interval changes) in order
to achieve and maintain ADA target goals. To
achieve this, we designed an interactive web-
based program called MyCareTeam'"'. Web-
based systems allow the patient to become an
integral part of the healthcare team. Their dia-
betes control improves with more frequent in-
terventions and by providing more opportuni-
ties for education in their disease process so
they can make appropriate behavioral changes
needed for better glycemic control.

RESEARCH DESIGN AND METHODS

A nonrandomized prospective feasibility
study of 16 patients with poorly controlled type
1 or type 2 diabetes mellitus was undertaken.
The Institutional Review Board at Georgetown
University Medical Center (Washington, DC)
approved this study, and written informed
consent was obtained from all participants. The
study consisted of 16 type 1 and type 2 patients
with diabetes ranging in age from 19 to 65 years
who had failed to obtain glycemic control with
conventional follow-up at the Georgetown
University Endocrine Clinic. The study dura-
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tion was from December 2000 to August 2001.
Patients were eligible for the study if: (1) they
were 18 years or older; (2) they had been diag-
nosed with type 1 or type 2 diabetes for at least
1 year; (3) they did not have unstable cardiac
disease or history of organ transplantation; (4)
they were capable of reading a computer mon-
itor; and (5) they had A1C values greater than
8.5% for the preceding 6 months.

Study design and data collection

After informed consent was obtained, pa-
tients who met the entry criteria had an initial
comprehensive evaluation by a physician or
nurse educator. Specific metabolic and behav-
ioral goals that enhance the patient’s health
were discussed. Patients were scheduled for
baseline, 3-month, and 6-month clinic visits as
routine care. Baseline labs and 6-month com-
plete metabolic panel, including fasting lipid
profile and urine microalbuminuria:creatinine
ratio, and patient surveys were obtained at
these clinic visits. Blood pressure (BP), body
mass index (BMI), and A1C were also obtained
at baseline, 3 months, and 6 months. During
these visits the patients met with the physician
to discuss current health status and any needed
treatment adjustments. Between clinic visits the
patient could use the MyCareTeam program to
interact with their provider via the Internet.
The patients uploaded their blood glucose and
exercise data, and communicated via the web site
weekly. The provider gave subsequent clinical
interventions to optimize blood glucose control,
and provided feedback via MyCareTeam, in-
cluding suggestions regarding diet, exercise, or
medication changes. MyCareTeam also pro-
vided general diabetes, nutrition, and exercise
information.

Patients and their care providers used the
messaging components of MyCareTeam to
communicate clinical concerns in between
scheduled office visits. Patients could type in
comments about their blood sugar readings
when they uploaded them to the MyCareTeam
database. The provider responded directly to
those comments within the summary page of
MyCareTeam (Fig. 1), and the comments were
available to the patients when they next en-
tered the site. There is also a more standard e-
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mail type of messaging built into MyCareTeam
that was used by patients and providers. This
permits a secure exchange of messages be-
tween the patients and providers that is con-
sistent with the Health Insurance Portability
and Accountability Act (HIPAA) regulations.

MyCareTeam follows the HIPAA rules and
regulations, which require clinical data integrity,
security, and confidentiality. MyCareTeam fol-
lows the HIPAA requirements for: (1) data ac-
cess; (2) data loss; (3) authentication/autho-
rization; (4) audit; and (5) confidentiality. The
database is located inside a locked room ac-
cessible only through keypad or smartcard en-
try. A firewall protects the computers housing
the database and MyCareTeam applications
from unauthorized electronic access. To protect
against data loss, daily incremental backups of
the database and MyCareTeam applications
are performed along with weekly full backups.
All data stored in the database are protected by
login/password authentication and access con-
trols. User’s access to the data is controlled by
their login code. This ensures that patients and
their providers see only their data. Login in-
formation and access to data within the data-
base are tracked. Login and logout times and
when and who uploaded data were tracked as
well as access to data so that it is always known
who did what to the data and when.

Patients and their providers access My-
CareTeam via the World Wide Web using a se-
cure socket layer connection, 128-bit encryp-
tion, and secure HTTP for all transactions that
include protected health information including
demographics, clinical information, or messag-
ing. Data uploaded from the participant’s glu-
cose meter do not contain identifying informa-
tion and are uploaded only after a participant
has been authenticated into MyCareTeam. This
transfer to the database is through the en-
crypted link, and the data are associated with
the correct patient in the database through their
login identifier.

Measures

The primary outcome variable measured
was AlC. Secondary outcome variables in-
cluded BP, BMI, total cholesterol, high-density
lipoprotein (HDL), low-density lipoprotein
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FIG.1. One-messaging component within MyCare Team.

(LDL), and triglycerides (TG). The Summary of
Diabetes Self-Care Activities, Diabetes Treat-
ment Satisfaction Questionnaire: DTSQ and Di-
abetes Quality of Life Measure Surveys were
also obtained.!81? Results of the surveys are not
presented here. Comparisons of the various
end points were observed between those who
used the site regularly and those who did not.

Statistical analysis

In this analysis we attempted to establish a
relationship between a dichotomous exoge-
nous variable (use of MyCareTeam) and a se-
ries of endogenous measures that includes BP,
BMI, and A1C. Because of the small sample
size, multivariate control measures were not in-
troduced into our analytic models. Instead, we

used a simple “before-after” research design
and a dependent samples f test to assess if there
were statistically significant differences com-
paring the arithmetic average values of the ex-
ogenous variables measures at baseline with
the same measures 6 months later. All tests
report the achieved P value for a two-tailed
matched pair ¢ test comparing average values
at Time 1 (baseline) and to Time 2, 6 months
later.

The disadvantages of this statistical analysis
are that the degrees of freedom are decreased
by half (increasing the standard error) and that
statistical control measures are not used. On the
other hand, the before-after design itself intro-
duces significant statistical control for a num-
ber of factors (e.g., age, race, sex, education,
etc.), and the results are uncomplicated.
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TABLE 1. PATIENT CHARACTERISTICS AT
BASELINE AND 6 MONTHS

Characteristics Baseline 6 months

Type 1 diabetes mellitus
Type 2 diabetes mellitus
Female 1
Male

Black American

Caucasian

Mean age (years) 4
Oral treatment only
Insulin only

Insulin and oral treatment
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RESULTS

We identified 16 of 27 patients screened who
met the inclusion criteria for our study. The pa-
tient characteristics are shown in Table 1.

Mean A1C reductions at 6 months compared
with baseline for the entire group were ob-
tained as well as intergroup comparison based
upon site utilization. Classification for group
usage was as follows: moderate/heavy users
(greater than bimonthly usage), n =8; and
light/never users (less than bimonthly usage),
n=38.

The average A1C at baseline for all 16 pa-
tients was 10.95 = 1.45%. The average A1C at
6 months for all patients was 8.73 + 1.84%. A1C
was reduced by 2.22 percentage points in the
total group (P = 0.001). Differences between
moderate/heavy users (n =8) versus light/
never users (n = 8) of the MyCareTeam site
were evaluated for intergroup differences
based upon utilization of the site. A significant
response was seen in moderate/heavy users
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compared with light/never users. Moder-
ate/heavy users had a baseline A1C of 10.83 =
1.27% compared with 11.08 = 1.69% in light/
never users. At 6 months moderate/heavy
users’ A1C was reduced to 7.68 * 0.09% com-
pared with 9.79 + 1.98% in light/never users.
At 6 months moderate /heavy users had a sig-
nificant A1C reduction of 3.15 percentage
points (P = 0.02) compared with a reduction in
A1C of 1.28 percentage points in light/never
users (difference not significant) (Fig. 2).

Other secondary end points (Table 2) were
improved as well, including systolic BP, dias-
tolic BP, total cholesterol, HDL, LDL, and TG,
although the results were not significant. Mean
total cholesterol for the entire group at baseline
was 214 mg/dL and at 6 months was 189
mg/dL. At baseline HDL was 55 mg/dL com-
pared with 52 mg/dL at 6 months. At baseline
LDL was 134 mg/dL compared with 116
mg/dL at 6 months. The respective TG value
was 123 and 114 mg/dL. Mean systolic BP at
baseline was 122 mm Hg and was reduced to
a mean of 116 mm Hg at 6 months. Mean di-
astolic BP was 72 mm Hg and was reduced to
a mean of 71 mm Hg at 6 months. However, as
expected, BMI had a mean increase of 2.3
kg/m? points over the 6-month period due to
aggressive diabetes management with insulin
therapy (Table 2).

DISCUSSION

Currently diabetes management is based
heavily on medical nutritional therapy and
pharmacotherapy. However, despite maximiz-
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i B e line versus 6 months.
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TABLE 2. RESULTS FOR NON-GLUCOSE PARAMETERS
End point Baseline 6 months P value
BMI (kg/m?) 33.2 35.5 <0.05
Systolic BP (mm Hg) 122 116 NS
Diastolic BP (mm Hg) 72 71 NS
LDL-cholesterol (mg/dL) 134 116 NS
HDL-cholesterol (mg/dL) 55 52 NS
TG (mg/dL) 123 114 NS

NS, not significant.

ing these treatment modalities within the
poorly controlled diabetes population, the
ADA targets for glycemic control are still not
being met. The failure to reach these ADA tar-
gets is multifactorial. To make significant clin-
ical improvements in the poorly controlled
diabetes population, there is a need for a mo-
dality that allows for more frequent therapeu-
tic changes that will translate into normo-
glycemia. Conventional therapies allow for
changes every 2-3 months; however, this has
not proven to be successful. The concept of
INTV; is a new concept in diabetes manage-
ment. Medications that have shorter half-lives
are given at greater frequencies daily in order
to obtain therapeutic levels of the medication.
Those medications with longer half-lives are
given with lesser frequencies to obtain appro-
priate therapeutic blood levels. We proposed
that diabetes management for the more poorly
controlled patient may need a similar ap-
proach.

Those patients who sustain an A1C of >8.5%,
as in our study population, have had too wide
an interval for intervention. Prescribing a
“shorter half-life” INTV; will translate into im-
proved glycemic control. MyCareTeam is an
Internet-based application designed to enable
the healthcare provider to give weekly INTV
instead of the conventional monthly to quar-
terly therapeutic changes for diabetes patients.
MyCareTeam fostered the capability to make
frequent medical nutritional therapy and
pharmacotherapy changes. Regular scheduled
clinic appointments were complemented by in-
teroffice assessments via MyCareTeam. Physi-
cian—patient contact is invaluable in the success
for managing these most difficult patients, and
this tool is not meant to displace the physi-
cian—patient routine office or emergent visits

but to enhance them. MyCareTeam provides
the tools to make necessary daily clinical as-
sessments with weekly interventions as
needed.

Our results demonstrate a significant treat-
ment effect of web-based diabetes manage-
ment. Even though our feasibility study popu-
lation was small and did not include a control
group, our study did show significant trends
in the reductions of AIC in the moderate/
heavy users (site use at least twice monthly)
versus those who were light/never users of the
site (less than twice monthly). The explanation
for this difference could be that the moder-
ate/heavy users were patients who were more
motivated than nonusers, or that the Internet
as a tool for communication with the physician
was more practical than making frequent vis-
its (bimonthly) to the physician’s office. It is dif-
ficult to determine why some of our patients
were more motivated to use the Internet tech-
nology than others. One possibility is that they
were more motivated initially but were not
guided in how to care for their diabetes and
that physician—patient contact via My-
CareTeam provided the guidance they needed.
We do not have a way to sort out why some
patients were more motivated than others to
use MyCareTeam and thus improve their blood
sugars from the data we collected. With the use
of this Internet tool, patients are having more
contact with their physician who helps educate
the patient about his or her disease process. The
provider spent 3-5 min per patient reviewing
and commenting via MyCareTeam on the read-
ings each time the patient transferred his or her
glucose readings to MyCareTeam or new lab
results were available. The patients using this
system are in a type of apprenticeship with
their healthcare provider. With time, the pa-
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tient regains a sense of control in management
of his or her diabetes and allows the individ-
ual to make appropriate dietary and medical
changes with physician supervision. A larger
randomized control clinical trial of the My-
CareTeam application is underway at the
Boston Veterans Administration Healthcare
System. We expect to see true intergroup dif-
ferences between those patients using My-
CareTeam and those that are not.

The significant reduction in A1C seen for the
moderate/heavy users compared with the
light/never users is exciting and encouraging.
Having a clinically designed Internet tool that
emphasizes patient education and safe aggres-
sive pharmacotherapy will be invaluable if
indeed it proves to improve glycemic control
significantly with subsequent reductions in
morbidity and mortality in larger, longer-term
clinical trials. We propose that Internet-based
programs such as MyCareTeam will allow for
ADA targets to be obtained using frequent
INTV;y in the poorly controlled diabetes popu-
lation as was seen in this population of patients
at Georgetown University Medical Center En-
docrine Clinic.

CONCLUSIONS

If these results are confirmed, web-based
disease management applications, like My-
CareTeam, may prove to be the link to achiev-
ing target ADA glycemic goals in patients with
poorly controlled, complicated diabetes. Hav-
ing a new intervention, like MyCareTeam, as
an adjunct to conventional follow-up allows
for a narrower “INTV{” intervention interval,
which may be needed to achieve ADA target
goals in the population with poorly controlled
diabetes. Having the infrastructure for a care
system that helps patients manage this chronic,
potentially debilitating disease may prove in-
valuable in maintaining optimum glycemic
control, thereby reducing microvascular and
macrovascular disease complications. This will
result in fewer hospitalizations, reduced
healthcare costs, and most important a health-
ier population with diabetes.

We propose that a close link between the pri-
mary care provider and the patient regarding
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education, medication adjustments, and glu-
cose control can occur in a more efficient way
with the use of Internet communication.' In-
ternet technology offers a new strategy for en-
gaging patients with diabetes and primary care
provider interaction through information ex-
change, emotional support, and encouraging
behavioral change, as well as monitoring key
treatment markers. Future large, randomized-
controlled studies are needed to test the possi-
ble benefit between conventional therapy and
conventional therapy supplemented by web-
based care program such as MyCareTeam.
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