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Abstract

Background: To determine whether a Web-based diabetes case management program based in an electronic
medical record can improve glycemic control (primary outcome) and diabetes-specific self-efficacy (secondary
outcome) in adults with type 1 diabetes, a pilot randomized controlled trial was conducted.
Methods: A 12-month randomized trial tested a Web-based case management program in a diabetes specialty
clinic. Patients 21–49 years old with type 1 diabetes receiving multiple daily injections with insulin glargine and
rapid-acting analogs who had a recent A1C>7.0% were eligible for inclusion. Participants were randomized to
receive either (1) usual care plus the nurse-practitioner-aided Web-based case management program (inter-
vention) or (2) usual clinic care alone (control). We compared patients in the two study arms for changes in A1C
and self-efficacy measured with the Diabetes Empowerment Scale.
Results: A total of 77 patients were recruited from the diabetes clinic and enrolled in the trial. The mean baseline
A1C among study participants was 8.0%. We observed a nonsignificant decrease in average A1C (�0.48; 95%
confidence interval �1.22 to 0.27; P¼ 0.160) in the intervention group compared to the usual care group. The
intervention group had a significant increase in diabetes-related self-efficacy compared to usual care (group
difference of 0.30; 95% confidence interval 0.01 to 0.59; P¼ 0.04).
Conclusions: Use of a Web-based case management program was associated with a beneficial treatment effect on
self-efficacy, but change in glycemic control did not reach statistical significance in this trial of patients with
moderately poorly controlled type 1 diabetes. Larger studies may be necessary to further clarify the interven-
tion’s impact on health outcomes.

Introduction

Despite substantial advances in the technological and
pharmacological sophistication of treatment for type 1

diabetes, many patients do not achieve the optimal levels of
glycemic control known to reduce the risk of future compli-
cations. Recent evidence from National Health and Nutrition
Examination Survey in 2003–2004 suggests that only 55.7% of
all individuals with diagnosed diabetes had ‘‘good’’ glycemic
control1,2 and less than one-quarter of those with type 1 dia-
betes achieve A1C <7%.

Given this difficulty to achieve optimally tight glycemic
control, efforts have begun to fundamentally alter the ap-
proach to chronic disease care. Inspired by the Institute of
Medicine’s Crossing the Quality Chasm report,3 the Chronic
Care Model (CCM)4–6 proposes substantial changes through-

out the delivery system to improve care processes and out-
comes. Among the 31 studies of CCM-based diabetes inter-
ventions included in a recent meta-analysis,7 the overall effect
size was equivalent to a reduction in A1C of 0.30–0.47%.

Among CCM-based approaches, case management inter-
ventions tend to show better-than-average improvements in
glycemic control, with meta-analyses reporting average effect
sizes of �0.53% across general diabetes case management
interventions and even larger effects (�0.8%) among inter-
ventions in which nurse or pharmacist case managers can
make medication adjustments without awaiting physician
authorization.8,9

The ‘‘Living with Diabetes’’ (LWD) program developed at
the University of Washington in Seattle expands on tradi-
tional case management approaches with several novel in-
formation technology resources designed to provide more
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efficient access to information for both patients and their case
managers. The intervention utilizes a Web-based interface to
improve the clinical case management support of self-care
activities of patients with diabetes and to bolster patient ac-
tivation. This multifaceted Web-based collaborative care
program has shown success in early studies with type 2 pa-
tients in general internal medicine clinics,10 but it is unclear if
it will add value to diabetes care among patients with type 1
diabetes.

The present trial sought to test the LWD program with
a sample of moderately poorly controlled type 1 diabetes
patients in an academic diabetes clinic. We hypothesized
that intervention arm patients would experience larger re-
ductions in A1C after 12 months of internet-based collabora-
tive care compared to those receiving usual care. We also
hypothesized a priori that intervention patients would re-
port larger positive changes in diabetes-specific self-efficacy
than patients receiving usual care. Early results of this study
were presented previously in abstract form at the 2008
American Diabetes Association Scientific Sessions, San Fran-
cisco, CA.11

Research Design and Methods

Study design

The study was designed as a 12-month open-label, ran-
domized, pretest-posttest trial comparing usual care alone
with usual care plus a Web-based collaborative care pro-
gram. The trial protocol was approved by the University of
Washington’s Institutional Review Board, and all participants
provided written informed consent.

Study setting and participants

The study was conducted at the Diabetes Care Center
(DCC), a subspecialty clinic located 1 mile from the main
University of Washington Medical Center. The DCC’s multi-
disciplinary practice team includes physicians, nurse practi-
tioners, on-site pharmacists, nurse educators, nutritionists,
and mental health professionals.

Potential study participants were identified in the clinic’s
electronic medical record (EMR). Patients between the ages of
21 and 49 years were eligible for inclusion in the study if they
carried a diagnosis of type 1 diabetes, had two or more clinical
encounters at the DCC and at least one A1C test result in the
previous 12 months, had a most recent A1C value �7%, and
resided within King or Snohomish County.

Full medical records of patients meeting these inclusion
criteria were further screened against additional exclusion
criteria. Potential participants were deemed ineligible during
record review if they did not receive multiple daily injection
therapy with insulin glargine, were currently receiving con-
tinuous subcutaneous insulin infusion (or were transitioning
to pump therapy), were terminally ill, had documentation of
significant mental illness or substance abuse in their charts, or
did not speak and read English.

Patients meeting these eligibility criteria were recruited via
letter and telephone. During the recruitment call, potentially
eligible patients were further screened to ensure that they had
a home computer with internet access. Interested and eligible
patients were then scheduled for an enrollment appointment
at the clinic.

Patients were randomly assigned to the two study arms
based on an allocation sequence using a 1:1 ratio in blocks of
10. The allocation sequence was developed by the study
statistician and programmed into an electronic database to
conceal allocation from other study staff during recruitment
efforts. Although the allocation assignment was known to the
study coordinator during the enrollment visit, this assign-
ment was not disclosed to participants until written informed
consent had been given and all baseline data collection had
been completed.

During enrollment, we had higher attrition in the inter-
vention arm because of six participants who did not complete
software installation and testing. As a result, we changed the
allocation ratio to 4:2 (intervention to control) for the final
three blocks of recruitment to allow for equal groups in sub-
group analyses of program users versus control.

Intervention

Participants randomized to the control arm received usual
care from their DCC practice team. Those patients random-
ized to the intervention arm continued to receive usual care,
but were also provided access to a nurse case manager and a
disease management module comprising the five related
Websites described in Table 1.

Detailed descriptions of the individual Website com-
ponents of the LWD program have also been provided pre-
viously by Goldberg et al.12 and Ralston et al.13

The nurse case manager for this study (G.L.) is an advanced
registered nurse practitioner with 25 years of experience as a
certified diabetes educator and 10 years of experience as a
primary care practitioner in diabetes. Patients assigned to the
intervention arm received an initial 1-h consultation with the
case manager and one-on-one instruction with the trial’s Web
module from the study coordinator.

During this initial orientation, the study coordinator
(K.P.M.) provided patients with study reference materials and

Table 1. Living with Diabetes Intervention:

Component Websites

Website Features

My Health
Record

Allows patients to view their entire EMR,
including all clinical encounters, clinician
notes, and lab test results from January
1994 forward

My Upload
Meter

Allows patients to remotely upload blood
glucose readings stored in a digital meter
to a health record viewable by both
patients and case managers

My Diabetes
Daily Diary

Allows patients and their case managers to
enter medication, nutrition, and exercise
data into an online daily diary and view
trended displays of these data and
uploaded blood glucose values

My Action
Planner

Allows patients to collaboratively generate
action plans intended to enhance self-
efficacy and improve self-management
activities

LWD Patient
Education
Website

Provides patients with an array of diabetes-
related information content and links
sanctioned by the Medical Director
of the DCC
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provided a brief hands-on introduction to the LWD Websites.
During the consultation with the case manager, patients dis-
cussed areas of concern with their diabetes self-management,
performed ‘‘live’’ data entry and upload to the LWD system,
and worked with the case manager to develop an individu-
alized action plan.

Following the initial clinic visit, all remaining intervention
activities took place remotely via e-mail and Web resources.
The case manager reviewed patient-uploaded data weekly
and initiated weekly e-mail contact with patients during the
first month, after which she initiated contact based on indi-
vidual patient goals (with a minimum of once per month) but
continued to review records weekly and provide feedback to
patients uploading information or initiating e-mail contact.

Study measures

Clinical end point. The difference in mean A1C change
from baseline to 12-month follow-up between the interven-
tion and control groups was the primary clinical end point. All
A1C values used in the study dataset were ‘‘rapid’’ immu-
noassay tests performed using a Bayer DCA-2000þ analyzer
(Siemens Medical Solutions, Tarrytown, NY). The range for
normal values was 4.0–6.0%.

Baseline A1C values were identified from the EMR. Selec-
tion rules defined the baseline value as the last value in the
patient’s record during the 12 months prior to enrollment in
the trial. The median baseline value was collected 3 months
prior to enrollment (SD¼ 3.78).

‘‘Follow-up’’ A1C values were identified with pre-
established selection rules that utilized two distinct time
windows. We identified the first test result in the EMR in the
13th through 18th study month. If there was no result avail-
able in this window, we used the last result appearing in the
EMR during the 10th through 12th month of the study. The
median follow-up value included in the dataset was collected
13 months after enrollment (SD¼ 2.00). Participants without
any eligible follow-up values in the EMR were contacted by
phone, and one eligible A1C test performed outside of the
DCC was subsequently included in the study dataset.

Self-efficacy. We utilized baseline and 1-year follow-up
administration of the short-form Diabetes Empowerment
Scale (DES)14 to assess patients’ psychosocial self-efficacy
with diabetes care. Created by Anderson et al.,15 the DES was
developed alongside intervention modules to improve overall
patient empowerment in diabetes self-management. It has
been further validated with representative samples of diabe-
tes patients and has been used extensively in diabetes research
and education activities as a broad measure of psychosocial
self-efficacy.

Additional measures. In addition to standard demo-
graphic measures, we assessed patients’ frequency of e-mail=
Web use and presence of a broadband connection at home.
We also assessed health literacy at baseline using the Rapid
Estimate of Adult Literacy in Medicine (REALM)16,17and de-
pression symptoms using the Patient Health Questionnaire
(PHQ-9).18,19

Usage audits were performed to describe the level of en-
gagement with the Web-based LWD resources among inter-
vention arm patients. For e-mail communications, we used

single messages as the metric. For EMR use, we counted the
number of times each patient logged into his or her medical
record and had one or more Web page views. Finally, we also
tracked the total number of home glucose meter uploads
performed.

Study data collection

Lab values for A1C tests, patient demographics, and other
clinical information were obtained directly from the EMR. The
REALM was administered in person upon enrollment. The
other survey measures (DES and PHQ-9) were programmed
into a Web-based questionnaire, which patients completed at
baseline on a computer in the enrollment appointment room.

E-mail invitations to complete the follow-up Web survey
were sent to all patients after their 12th study month, at which
time the survey was completed online from home. All par-
ticipants were provided a $25 gift certificate at the conclusion
of the enrollment appointment and a $50 certificate after
completing the follow-up Web survey.

Statistical analysis

Baseline demographics=descriptive statistics. We de-
scribed the distribution of baseline demographic and clinical
characteristics within each study group with means and SDs
(for continuous variables) or counts and percentages (for
categorical variables). For both the primary (A1C) and sec-
ondary (DES score) outcomes, we computed change scores for
each participant by subtracting the baseline value from the
follow-up value. Analyses were performed in STATA version
9 (Stata Corp., College Station, TX).

Primary outcome: change in A1C values. We addressed
the primary research question of the intervention’s effect on
A1C using a multivariate linear regression model to adjust for
potential clustering of patients within providers in the DCC
and to control for baseline A1C, age, and sex, variables seen
to be associated with glycemic control in prior literature.
Approximately 17% of patients were missing follow-up A1C
values, and 8% failed to complete the follow-up survey
measure. Because a complete case approach excluding these
individuals could potentially bias the analyses in the presence
of differential drop-out between groups, primary analyses of
both A1C and DES outcomes were performed with multiple
imputation of missing values using the ‘‘ICE’’ procedure in
Stata.20,21

Sensitivity analyses compared the primary multiple-
imputation analyses to a complete case approach and two
commonly employed conservative single imputation strate-
gies. The first single imputation approach assumed that
there was no change in glycemic control from baseline for the
13 individuals lost to follow-up, while the second approach
replaced each of the missing values with the mean change
observed in the control group.

Given the enrolled sample size, the trial had sufficient
statistical power (80%) to detect a difference in A1C change of
0.65% between study groups and 99% power to detect a
treatment difference of 1.0%, similar to that seen in an earlier
trial of the intervention in patients with type 2 diabetes.10

Secondary outcomes: change in DES. We sought to test
the hypotheses that the intervention would lead to positive

WEB-BASED COLLABORATIVE CARE FOR TYPE 1 DIABETES 213



changes in diabetes-related self-efficacy as assessed by the
DES. We used linear regression to estimate the mean change
scores between treatment groups while adjusting standard
errors to account for clustering of patients within providers.

Results

Figure 1 shows the progress of participants through the
trial. We identified 929 patients with type 1 diabetes and at
least two DCC encounters during 2004, the majority (86%) of
whom did not meet additional eligibility criteria to enter the
trial. Among the 799 patients deemed ineligible, 276 (35%)
had recent A1C values below 7.0%, 210 (26%) were outside
the age range, 132 (17%) were on insulin pumps or were not
prescribed multiple daily injection, 90 (11%) had not had an
A1C in the previous 12 months, and 91 (11%) were excluded
for other reasons, including relocation out of the area, lack of a
computer at home, terminal illness, lack of English, and death.

Among the 130 eligible patients, 27 were contacted but
refused to participate, and study staff was unable to contact
another 25. The remaining 78 patients were enrolled into the
trial between May 2005 and April 2006.

Of patients randomized, 13 (17%) did not have an A1C
value during the period 10–18 months after baseline and were
considered lost to follow-up, and one individual was ex-
cluded because this individual’s baseline A1C value was
conducted on the high-performance liquid chromatography
analyzer and thus was not comparable to the other partici-
pants.

The two treatment groups were similar for almost all
measured characteristics at baseline, but the control group
was 1 year older on average and included slightly fewer
women than the intervention group (Table 2). Assessment of
follow-up outcomes was also similar in the LWD and control
groups, with average follow-up A1C occurring at 14.0
(SD¼ 1.9) and 13.6 (SD¼ 2.1) months, respectively.

Glycemic control

Over the course of the trial, the intervention group expe-
rienced an average decrease in A1C test values of 0.37%, while
the control group experienced a slight increase of 0.11%. The
between-group difference of �0.48% was not significant
(Table 3). Patterns of missing A1C outcomes were similar in

Assessed for eligibility (n=929) 
  Type 1 diabetes patients seen 2x in 

Diabetes Care Center during 2004

Excluded  (n=851)
Did not meet inclusion criteria (n=799)

  Refused to participate (n=27)
  Unable to contact (n=25)

Analyzed (n=36*)
Excluded from analysis  (n= 0)

Lost to follow-up (n=7)
 (12-Month A1C Not Found in Record)

Discontinued intervention (n= 0)

Allocated to Usual Care (n=36)
   Received allocated intervention (n=36) 
   Did not receive allocated intervention

(n=0)

Lost to follow-up (n=6)
 (12-Month A1C Not Found in Record)

Discontinued intervention (n= 0)

Allocated to LWD Intervention (n=42)
   Received allocated intervention (n=36)
   Did not receive allocated intervention 
  (n=6)

Analyzed (n= 41*)
Excluded from analysis (n= 1)
  (Baseline A1C value excluded) 

Allocation

Analysis

Follow-Up

Randomized
(n=78)

FIG. 1. Flow of participants through the trial. *Primary analysis of A1C change was performed with an intent-to-treat
approach using multiple imputation of missing follow-up values.
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the LWD and control arms (15% and 19% missing, respec-
tively). While there were variations of up to 0.21% in the es-
timated group difference across the three additional missing
data approaches, all failed to reach significance, and the
overall conclusion was not meaningfully altered by the ap-
proach used for missing data.

DES

Participants’ responses to the DES measure of psychosocial
self-efficacy in diabetes revealed a significant group difference
(effect size of 0.30; 95% confidence interval 0.01 to 0.59;
P¼ 0.04; Table 3). Results were consistent across the primary
multiply imputed analysis and the three other missing data
approaches examined in sensitivity analyses.

Program usage

Nearly two-thirds (65.9%) of intervention participants
completed at least one meter upload from home, with a mean

of 3.8 (SD¼ 4.8) uploads per patient. Sixty-one percent ac-
cessed their EMR from home, with a mean of 3.3 (SD¼ 3.65)
logins and 37.9 (45.1) total pageviews per patient. Less than
half (44%) sent e-mail to their case manager, with a mean of
5.0 (SD¼ 4.8) messages sent. Table 4 displays characteristics
of program users compared to those of nonusers.

Discussion

This pilot randomized trial sought to extend a diabetes case
management intervention used previously among type 2 di-
abetes patients to a sample of younger adults with type 1
diabetes and to test whether the positive intervention effects
observed in a general medicine clinic could be replicated in a
subspecialty clinic.

This study found no treatment effect on A1C, although the
observed trend was consistent with the study hypotheses. An
effect of 0.48% would be clinically significant if replicated in a
larger trial with greater statistical power, but it appears we

Table 2. Participant Characteristics at Baseline, Stratified by Study Arm

Characteristic Control (n¼ 36) Intervention (n¼ 41) Total (n¼ 77)

Mean (SD) age (years) 37.8 (7.67) 36.8 (8.51) 37.3 (8.09)
Percentage female 27.80% 36.60% 32.50%
Percentage Caucasian 97.20% 95.10% 96.10%
Mean (SD) years of education 15.2 (1.95) 15.6 (2.17) 15.4 (2.08)
Percentage married 52.20% 56.0% 54.20%
Insurance status

Commercial 86.10% 84.60% 85.30%
Medicaid 5.60% 5.10% 5.30%
Medicare 2.80% — 1.30%
Private (self-pay) 5.60% 2.60% 4.00%
Other — 7.70% 4.00%

Mean (SD) REALM score 64.53 (1.54) 64.65 (1.59) 64.59 (1.56)
Frequency of internet use

Less than once weekly 2.90% 2.40% 2.60%
1–2 times weekly 5.70% 4.90% 5.30%
3–4 times weekly 5.70% 4.90% 5.30%
5þ times weekly 85.70% 87.80% 86.90%

Percentage with broadband at home 85.70% 82.90% 84.20%
Mean PHQ-9 severity score 5.26 (5.3) 4.85 (4.9) 5.04 (5.07)
Mean (SD) baseline A1C 8.05 (1.32) 7.99 (1.05) 8.02 (1.19)
Glycemic control at baseline

A1C 7–8% 66.70% 63.40% 64.90%
A1C >8% 33.30% 36.60% 35.10%

Table 3. Changes in Value of Outcome Variables Between Baseline and 12-Month Follow-Up

Group differenceb

Control (n¼ 36) Intervention (n¼ 41) Mean group differencea 95% CI P value

Primary outcome: A1C
Mean (SD) baseline A1C 8.05 (1.3) 7.99 (1.1)
Mean (SD) follow-up A1C 8.16 (1.5) 7.62 (1.4)
Mean (SD) change in score þ0.11 (1.4) �0.37 (1.3) �0.48 �1.22 to 0.27 0.160

Secondary outcome: DES
Mean (SD) baseline DES score 4.08 (0.59) 4.00 (0.60)
Mean (SD) follow-up DES score 3.92 (0.63) 4.14 (0.60)
Mean (SD) change in score �0.16 (0.62) þ0.14 (0.62) 0.30 0.01 to 0.59 0.044

aEffect size estimate for A1C analysis adjusted for baseline A1C, age, and sex.
bConfidence intervals (CIs) and P values for all analyses are based on standard error estimates adjusted for clustering by the primary DCC

physician.
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were underpowered to detect such a difference. It is also im-
portant to consider the limited uptake of the intervention as
potentially restricting its effect.

Although the majority (61%) of patients had some en-
gagement, less than one-quarter of intervention arm par-
ticipants used the study resources consistently. We believe
more research is needed to clarify the extent to which this
intervention can add value for patients in similar treatment
settings, especially as technology continues to improve with
real-time continuous glucose sensors.

We found the LWD intervention to have a statistically
significant treatment effect on patients’ self-efficacy. Previous
research has shown self-efficacy constructs to be highly pre-
dictive of self-care behavior among younger type 1 diabetes
patients both cross-sectionally and prospectively.22 As such,
there is likely a benefit to increasing self-efficacy even in the
absence of an effect on A1C.

There are several strengths to our approach. First, by
completing a randomized trial with an intent-to-treat analy-
sis, the observed effects are likely true impacts of the LWD
program. Second, by standardizing the Websites and as using
a single case manager, we limited several sources of potential
bias in the delivery of the intervention.

There are also several limitations to our findings. The study
selected a specific subsample of patients with diabetes whose
disease was moderately to poorly controlled and who had a
multiple daily injection regimen. As such, it is difficult to
predict how the intervention might provide benefit for more

tightly controlled patients or those receiving continuous
subcutaneous insulin infusion.

Because of the small size of this pilot trial, we cannot tease
apart which intervention components might have been more
influential than others. We observed reasonably large number
of patients who failed to fully engage with the intervention
resources, but saw no significant differences in baseline de-
mographic or clinical characteristics between users and
nonusers and did not have large enough samples to directly
quantify the differential effects of different ‘‘doses’’ of the in-
tervention on study outcomes.

The study was further limited by the lack of prespecified
collection dates for the A1C tests and reliance on pre-existing
EMR data. While it appears as if missingness in the A1C
variable did not bias our results, it is important to consider the
added confidence that could be realized with lower levels of
missing outcome data. Finally, the use of a single case man-
ager implementing the intervention may limit generalizability.

In summary, we observed preliminary evidence in this pilot
study that suggests internet-based case management may
provide added benefit beyond usual care for patients with
moderately to poorly controlled type 1 diabetes, even among
patients receiving care at a subspecialty clinic. The greatest
benefit observed in this study is a bolstering of diabetes-
specific self-efficacy, which may help patients engage in more
effective self-care behaviors.

While the lack of a convincing treatment benefit in glycemic
control makes it difficult to recommend widespread use of
this or similar interventions based on this trial alone, we be-
lieve the observed trends warrant larger trials to assess impact
on glycemic control and other clinical outcomes (low-density
lipoprotein, blood pressure). Larger trials should also seek to
identify the most important intervention components and
relevant populations for the intervention.
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