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A B S T R A C T R É S U M É

To compare physiological outcomes and satisfaction for follow-
up care between an interactive diabetes internet program
and Diabetes Education Centres.

A randomized, controlled trial with outcomes of glycosylated
hemoglobin (A1C), fasting blood glucose, total cholesterol,
triglycerides (TG), high-density lipoprotein cholesterol, low-
density lipoprotein cholesterol and patient satisfaction.
Enrollment was staggered, with individuals assessed at base-
line, 3, 6 and 12 months.

Fifty-seven participants completed the study (20 control,
37 internet). Physiological outcomes were not statistically
different between the 2 groups. However, within-group
comparisons demonstrated a significant improvement in 
the internet group’s A1C, TG and satisfaction levels from

Comparer un programme interactif en ligne et des centres
de formation diabétique pour ce qui est des issues physi-
ologiques des soins et de la satisfaction des patients à l’égard
des soins.

Essai contrôlé avec répartition aléatoire au cours duquel on a
évalué l’hémoglobine glycosylée (HbA1c), la glycémie à
jeun, le cholestérol total, les triglycérides, le cholestérol des
lipoprotéines de haute densité, le cholestérol des lipopro-
téines de basse densité et la satisfaction des patients.
L’inscription à l’étude était décalée et les patients étaient
évalués au départ et après 3, 6 et 12 mois.

Cinquante-sept participants ont terminé l’étude (20 témoins,
37 Internet). Il n’y a pas eu de différence statistique entre les
groupes pour ce qui est des issues physiologiques. Toutefois,
des comparaisons au sein de chaque groupe ont révélé que
dans le groupe Internet, il y avait une amélioration significa-
tive de l’HbA1c, des triglycérides et du degré de satisfaction
par rapport au départ après 3 et 6 mois (p < 0,0452,
p < 0,0428 et p < 0,0138, respectivement).

Même si le nombre de sujets était limité, l’étude a permis de
faire des constatations significatives au sein de chaque groupe
sur la prise en charge du diabète. Il faudra effectuer d’autres
études sur d’autres applications du programme en ligne pour
la prise en charge du diabète.
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baseline to 3 and 6 months (p<0.0452, p<0.0428 and
p<0.0138, respectively).

Although the trial was limited in sample size, it yielded sig-
nificant findings for diabetes management, within group.
Further research in using the internet program in other
applications for diabetes management is needed.

INTRODUCTION
Type 2 diabetes mellitus is a chronic and progressive disease
that has become a public health issue worldwide (1). It is esti-
mated that more than 2 million Canadians have diabetes,
although many will go undiagnosed until a related health cri-
sis occurs (2). Diabetes is also one of the most costly chronic
diseases. In Canada, at least $9 billion is spent annually man-
aging diabetes and its complications (2), and individuals with
diabetes incur 2.4 times as many healthcare costs as those
without the disease (1), including direct medical costs and
other indirect costs (i.e., time lost from work) (3).

Despite the rising prevalence of diabetes, there remains a
significant gap between the number of people with the disease
and those receiving proper care (3). It is estimated that fewer
than 1 in 5 people with diabetes in Ontario, Canada, have had
contact with a diabetes specialist, and this ratio is increasing
(4).The high rates of diabetes in more geographically remote
areas of the province raise concerns about access to appropri-
ate specialty services for those living in those regions (4), but
access to care in more populated areas is an issue as well; the
Diabetes Complications Prevention Cooperative’s (DCPC)
analysis has determined that only about 25% of those with
diabetes in Southwestern Ontario are being served in various
Diabetes Education Centres (DECs) (3). The DCPC recom-
mends that by 2006, 50% of those with diabetes be seen at a
DEC; as well, it recommends a clinician-to-patient ratio of no
less than 1 team per 1000 patients (3).

There are many barriers to meeting these recommended
standards of care. The optimal care and management of dia-
betes require intensive physiological monitoring and behav-
ioural change (5). As well, interventions to ensure optimal
diabetes management—such as glycemic monitoring, nutri-
tion counselling, psychosocial support and screening for
complications—are all resource-intensive and require the
involvement of both healthcare providers and patients (6).
Because of limited specialized resources and increasing
prevalence rates, the gap between the need for service and its
timely provision is widening. The DCPC estimates that the
average waiting list for an initial visit at a DEC is about 
35 days (3), and other barriers may also exist, such as trans-
portation, parking, loss of income and anxieties related to
the hospital/DEC setting (1).

How will the healthcare system be able to achieve the rec-
ommended standards of care, given the limited resources

available? An innovative model for delivery of care is needed
to address the challenge of managing diabetes in a readily
accessible and continuous manner (6).

A number of computer-based diabetes management sys-
tems have been evaluated and reportedly improve patient care
(7-9).These studies used the computer mainly as an electron-
ic data display, as a decision support tool for clinicians or 
for information exchange between healthcare providers and
patients (7-9). Some internet solutions did not provide a
comprehensive management program, using the internet only
as a chat room or focusing on only a portion of diabetes
management (10,11). Methodological deficiencies were also
noted in the literature, as most studies were nonrandomized
or had a short time frame for follow-up (12,13).
Measurement of such systems’ efficacy in improving glycemic
control were also lacking; results were focused primarily on
improving the number of clinic visits, the number of tests and
patient satisfaction (8,11). As clinicians continue to integrate
new interventions or methods of improving diabetes manage-
ment into their practice, new initiatives must meet evidence-
based quality of care standards, and their benefits must be
substantiated with respect to improvements in diabetes out-
comes (14).This study examined a comprehensive interactive
internet program as an adjunct to the current DEC program
in the follow-up of patients with diabetes and as a potential
solution to ongoing chronic disease management.

METHODS
Study design and study population
This study was a randomized, controlled trial comparing the
efficacy of an interactive internet program (intervention
group) with that of a DEC program (control group) with
respect to follow-up service for ongoing diabetes manage-
ment.The objectives of the study were to improve glycemic
control, disease management behaviours, health status and
patient satisfaction.

Participants were recruited from the DECs at Cambridge
Memorial Hospital and Grand River Hospital in the Waterloo
region of Ontario. Informed consent was obtained from eli-
gible individuals. Included were adults with type 1 or 2 dia-
betes who were internet-proficient and had regular access to
the internet. Exclusion criteria were blindness, little or no
dexterity, reading level below grade 5, end-stage diseases and
gestational diabetes mellitus. The study received ethics
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approval from the Tri-Hospital Research Ethics Board.
Participants were assessed at the DEC and received edu-

cation prior to randomization, regardless of the group they
were assigned to. The intervention group used the internet
program instead of in-clinic follow-up for disease manage-
ment. The control group received traditional face-to-face
clinic management, with visit frequency determined by the
patient or the diabetes educator. Blinding of DEC staff was
not possible, since it would have been obvious that those who
returned to the DEC for follow-up were in the control group
and those who did not were in the intervention group.

Measures
Landmark diabetes outcomes studies have noted that using
physiological measures alone to define health outcomes miss-
es the complex nature of diabetes care (15-17).Therefore, this
study included measurements of patient demographics, social
and environmental factors, patient health, functional and psy-
chosocial characteristics, process and mediating variables, dia-
betes self-management behaviours, patient satisfaction and
physiological measures (16-21). Standardized instruments
used were as follows: the Diabetes Empowerment Scale (16),
the Problem Areas in Diabetes Questionnaire (17), the
Diabetes Care Profile (18), the Diabetes History Form (19)
and the Minimum Data Set for Home Care (20,21). This
paper reports results for only physiological and patient satis-
faction measures. Physiological measures included laboratory
testing of glycosylated hemoglobin (A1C) and fasting blood
glucose (FBG), as well as fasting lipid profiles, including total
cholesterol (TC), triglycerides (TG), high-density lipoprotein
cholesterol (HDL-C) and low-density lipoprotein cholesterol
(LDL-C). Patient satisfaction was measured using the
Diabetes History Form (19) satisfaction subscale, which
included 6 items measuring the following: being satisfied with
care received, being informed about care, healthcare
providers being up to date with treatment, testing, communi-
cation and knowing who to ask questions.

Data collection
Data were collected from July 2002 to February 2004.
Participants were followed for 1 year and assessed at baseline,
3 months, 6 months and 1 year from the time of enrolment.
Education was conducted between the baseline and 3 month
assessments. Because recruitment was staggered, the number
of participants assessed at each follow-up naturally decreased,
and only participants who started at the beginning of the
study completed the full 1 year follow-up period.

Diabetes Education Centres
The DECs at Cambridge Memorial Hospital and Grand
River Hospital offer diabetes education and ongoing manage-
ment to children and adults with type 1 and type 2 diabetes.
A physician referral is needed for a patient to attend the cen-
tre. Services offered at both DECs include the following:

one-on-one assessment with a nurse and dietitian (1 visit);
diabetes education in an individual or group setting (1 to 4
visits); and follow-up management based upon identified
needs (number of visits negotiated between the patient and
clinical staff). Medical directives are in place that enable cer-
tified nurses and dietitians to adjust medications and insulin to
improve diabetes management. Topics covered at the DEC
include understanding the diagnosis of diabetes; self-monitor-
ing of BG; meal planning; diabetes medications and insulin
management; multiple daily insulin injections and adjust-
ments; sick-day management; travel and stress management;
and prevention and delay of diabetes complications.

The internet program
The internet program consisted of a central data repository
that the patient or healthcare provider could access via a con-
fidential password. Patients had their own unique profile,
where they were able to enter data on BG measurements,
diet, exercise, insulin and oral medications. A certified dia-
betes nurse, working under medical directives, had access to
all patient profiles. The nurse was able to monitor data, give
feedback and make recommendations about adjusting med-
ications or other aspects of treatment.The nurse also provid-
ed individual education based on participants’ needs. The
patients understood that this program offered timely feed-
back but was not a substitute for any required emergency
treatment.The program also offered a chatting/communica-
tion module, which enabled patient-to-patient discussions. A
bulletin board section was also used, enabling patients to post
moderated messages, including recipes, information about
diabetes supply items and other general information. Glucose
meters and connection cables were provided for all partici-
pants to facilitate the downloading of BG test results to their
internet patient profile.

Statistical analysis
Statistical analysis was performed using SAS Version 9.1 (SAS
Institute, Carrie, North Carolina, United States [US], 1989).
Descriptive statistics for laboratory measures were expressed
as mean ± SD. The satisfaction measure was an ordinal scale
ranging from 1 to 5. For the laboratory measures, between-
group comparisons were conducted using the independent
Student t-test to assess for significant changes. Within-
group comparisons of the same cohort from baseline to the
different follow-up times were done using the paired sam-
ple Student t-test. A p-value of <0.05 was considered to be
statistically significant.

RESULTS
Seventy individuals (33 male, 37 female) initially consented to
participate in this project; however, 13 dropped out after the
education portion and before the 3 month assessment.A total
of 57 participants completed the 1 year study or came to their
natural censored endpoint at 3 or 6 months because of stag-
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gered entry times. Twenty were randomized to the control
group and 37 to the intervention group. Patient demograph-
ic characteristics and social and environmental factors (i.e.
gender, age, marital status, education, living arrangements,
employment status, diabetes care provider source, having an
endocrinologist, drinking, smoking, self-perceived poor
health, trade-offs and informal support services) are shown by
treatment group in Table 1. Information on type and duration
of diabetes was not collected. Based on clinical experience,
we know that most patients referred to the DEC are newly
diagnosed. Also, it was felt that since patients were random-
ized to their respective treatment groups, each group was
likely to include patients with comparable durations of illness.

It is worth noting that the majority of the patients in both
the control and intervention groups were cared for by gen-
eralists such as family physicians, internists or nurses. Only
31.2% of patients in the control group and 9.1% in the inter-
vention group were cared for by specialists, including
endocrinologists and nurses/nurse practitioners who work
with an endocrinologist. A very small number of patients (2
in control and 1 in intervention) were actually followed by an
endocrinologist for their diabetes. Smokers comprised
18.9% of patients in the intervention group and 15.8% in
the control group; 10.8% of patients in the intervention
group perceived themselves as having poor health vs. 5.3% in
the control group.There were also patients who had to make
a trade-off between daily living expenses and spending money
on medical care (11.1% in the control group and 10.8% in
the intervention group). Most patients (95% in control and
97.3% in intervention) had informal support services.There
were, however, no statistical differences in any of the patient
characteristics and factors between the control and inter-
vention groups.

The baseline laboratory data given in Table 2 showed no
significant difference between the 2 groups with respect to
A1C, FBG, TC, TG, HDL-C and LDL-C. Mean glycemic 
control at baseline was similar for both groups: 6.8% for 
the control group and 6.7% for the intervention group.
However, the range of A1C levels was widespread in both
groups (approximately 4.0 to 10.0%).The mean FBG for the
control group was 8.14 mmol/L and for the intervention
group was 8.07 mmol/L.The range for both groups was sim-
ilar, from euglycemia (5.30 mmol/L) to hyperglycemia
(16.20 mmol/L). Lipid profiles for both groups demonstrated
suboptimal values and were higher than the clinical guide-
lines. Mean TC levels for the control and intervention groups
were 5.09 mmol/L and 5.00 mmol/L, respectively; the 
range was similar between the 2 groups. Mean TG levels 
were slightly different between the 2 groups: the control
group had a mean TG level of 2.03 mmol/L (range: 0.97 to
3.59 mmol/L), while the intervention group had a higher
mean TG level of 2.29 mmol/L (range: 0.78 to 5.03 mmol/L).
HDL-C was similar between the control and intervention
groups: the control group had a mean HDL-C level of

0.98 mmol/L (range: 0.09 to 1.50 mmol/L), while the inter-
vention group had a mean HDL-C level of 1.02 mmol/L
(range: 0.07 to 1.67 mmol/L). Mean LDL-C was slightly bet-
ter for the intervention group (2.87 mmol/L; range: 1.43 to
4.75 mmol/L) than the control (3.19 mmol/L; range: 1.29 to
5.36 mmol/L).

There were no significant differences when comparing
physiological measures between the control and intervention
groups at any of the follow-up time points. Patients in these 
2 groups seemed to have progressed in the same direction and
at a similar rate. When progress was examined within each
group, however, there were positive changes in most of the
lab measures between baseline and different time points
(Table 3).The intervention group’s TG level improved signif-
icantly from baseline to 6 month follow-up, with a drop from
2.30 to 1.90 mmol/L; the control group, on the other hand,
did not show any significant improvement at any time point.
A significant improvement was also observed in the interven-
tion group for A1C: mean A1C dropped from 6.7 to 6.5%
from baseline to 3 months. However, this significant change
was not extended to 6 months or 1 year.There were no sig-
nificant changes in the control group for this measure. The
control group did significantly better with respect to LDL-C
level at 1 year (2.47 mmol/L) over baseline (3.19 mmol/L).

Figures 1 and 2 illustrate how mean TG and A1C levels
changed from baseline to 1 year follow-up. Figure 1 shows
that the intervention group’s TG level was slightly higher
than that of the control group at baseline.There was no sig-
nificant drop in TG level from baseline to 6 months in the
control group. At 1 year, the mean TG level actually showed
an increase in the control group. On the other hand, the
mean TG level in the intervention group was maintained at 
3 months and then dropped significantly at 6 months. This
lower level was maintained to 1 year. The comparison
demonstrates that the intervention group achieved a better
management of TG levels than the control group.

Figure 2 shows that the control and the intervention
groups had comparable A1C levels at baseline.There was no
change in A1C from baseline to 6 months in the control
group.At 1 year,A1C actually increased in the control group.
A1C in the intervention group, however, dropped signifi-
cantly at 3 months and then was maintained from 6 months
to 1 year. This comparison demonstrates that the interven-
tion group achieved a better management and control of A1C
than the control group.

Table 3 also shows that patients in the intervention group
were also more satisfied at the 3 and 6 month follow-up com-
pared to their own baseline, but the control group did not
show a significant improvement compared to its own base-
line. It was noted that the absolute satisfaction level at base-
line for the control group was higher than that in the
intervention group; however, the difference was not statisti-
cally significant. The intervention group made a bigger rela-
tive gain in this measure than the control group.
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Table 1. Frequency and distribution of patient demographics at baseline 

Variable Control 
n (%)

Intervention
n (%)

p value

Treatment group* 20 (28.6) 37 (52.9) 0.1909

Gender
Male
Female

9 (45.0)
11 (55.0)

18 (48.6)
19 (51.4)

0.9277

Age (years)
<40
41–65
>65

4 (20.0)
10 (50.0)
6 (30.0)

9 (24.3)
24 (64.9)
4 (10.8)

0.1909

Marital status
Married
Not married

14 (70.0)
6 (30.0)

30 (81.1)
7 (18.9)

0.2880

Education
High school
Technical or trade school
University or higher

8 (40.0)
3 (15.0)
9 (45.0)

8 (21.6)
5 (13.5)

24 (64.9)

0.4100

Living arrangement
Live with spouse or other 
Live alone

19 (95.0)
1 (5.0)

36 (97.3)
1 (2.7)

0.6249

Employment status
Working full- or part-time
Not working outside of home
Did not respond

8 (40.0)
9 (45.0)
3 (15.0)

24 (64.9)
9 (24.3)
4 (10.8)

0.1170

Diabetes care provider source
Generalist 
Specialist
Other
No one
Did not respond

8 (40.0)
5 (25.0)
3 (15.0)
0 (0)
4 (20.0)

24 (72.7)
3 (9.1)
3 (9.1)
3 (9.1)
0 (0)

0.0950

Have an endocrinologist 
Yes 
No
Did not respond

2 (15.0)
13 (65.0)
5 (20.0)

1 (2.7)
32 (86.5)
4 (10.8)

0.1489

Drinking problem
Yes 
No

1 (5.0)
19 (95) 

2 (5.4)
35 (94.6)

0.3021

Smoking
Yes 
No
Did not respond

3 (15.0)
16 (80.0)
1 (5.0)

7 (18.9)
30 (81.1)

0.7722

Self-perceived poor health
Yes
No

1 (5.3)
18 (94.7)

4 (10.8)
33 (89.2)

0.4906

Trade-offs (daily living vs. medical care)
Yes 
No

2 (11.1)
18 (88.9)

4 (10.8)
33 (89.2)

0.9740

Informal support services (lives with patient)
Yes
No

19 (95) 
1 (5.0)

36 (97.3)
1 (2.7)

0.6249

*N=70; dropouts=13 (18.6%)
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DISCUSSION
Although the study was designed to be a randomized, con-
trolled trial and the randomization procedure was followed
strictly, an unequal distribution of patients in the control and
intervention groups was observed.This was attributed to dif-
ferential attrition in the control group. Many patients left the
study because they were assigned to the control group, and
the study design did not allow crossover to the intervention
group.This phenomenon showed that the internet was a pre-
ferred method of diabetes management among this group of
individuals. For future studies, it will be very valuable to col-
lect baseline information on all consenting subjects, including
dropouts.This will allow analysis of any potential group bias-
es with respect to dropouts or crossover.

Although the number of patients was not equally distrib-
uted between the control and intervention groups, there
were no significant differences between these 2 groups in
patient characteristics or social and environmental factors,
making these 2 groups comparable. This lack of significance
could be due to the small sample size.

There were 2 remarkable events during the recruitment
phase of the study that led to a smaller-than-expected sample
size: outbreaks of severe acute respiratory syndrome (SARS)
and the Norwalk virus. These 2 illnesses caused major dis-
ruption to outpatient services at both study hospitals, hin-
dering study recruitment. Further, patients in the study may
have withdrawn from the control group, which required
them to visit the DEC at the hospital, because of fear of noso-
comial infections at the time of the study.

The sample comprised a relatively young group, with a
majority of the patients under age 65. This was probably a

result of the inclusion/exclusion criteria. In order to ensure
that internet access and computer literacy were not barriers
to the use of the diabetes internet program, only people who
were proficient in computer use and had regular access to the
internet were included in this study.This decision was partly
financially based (there was no funding to supply computers
or internet access to project patients), but primarily a result
of “lessons learned” from previous experiences (22). A US
study recommended strongly that patients have their own
computer and be internet proficient to avoid significant
dropouts owing to frustration with hardware, software
and/or internet use (22). Because the study focused on 
current internet users, external validity and generalization 
is applicable to the diabetes population that currently uses
internet/computer technology.

When comparing physiological measures, no statistical
significance was found between the 2 groups. This could be
explained by the small sample size or by the fact that both
groups progressed in the same direction and at a similar rate.
Since the DEC offers a gold standard, benchmarking service
in diabetes care, and since patients were followed up by a
team of professionals including physicians, dietitians and
nurses who have certified diabetes education qualifications,
the ability to provide an ongoing management service that
resulted in no significant difference from the gold standard
speaks positively about the internet program. However, it is
important to examine whether both the DEC and internet
programs led to improvement in patient outcomes within
each group from baseline to 1 year follow-up.

The within-group analysis comparing baseline to various
follow-ups demonstrates significant statistical differences in

Table 2. Univariate distribution for physiological measures at baseline

Physiological 
measure

Control Intervention

Mean (SD) Range Mean (SD) Range

A1C (%) 6.8 (0.01) 4.2–9.6 6.7 (0.01) 4.3–9.8

FBG (mmol/L) 8.14 (2.89) 5.30–16.20 8.07 (1.94) 5.70–14.40

TC (mmol/L) 5.09 (0.98) 2.85–7.04 5.00 (0.97) 3.32–7.30

TG (mmol/L) 2.03 (0.75) 0.97–3.59 2.29 (1.01) 0.78–5.03

HDL-C (mmol/L) 0.98 (0.31) 0.09–1.50 1.02 (0.35) 0.07–1.67

LDL-C (mmol/L) 3.19 (0.85) 1.29–5.36 2.87 (0.83) 1.43–4.75 

A1C = glycosylated hemoglobin
FBG = fasting blood glucose 
HDL-C = high-density lipoprotein cholesterol
LDL-C = low-density lipoprotein cholesterol
SD = standard deviation
TC = total cholesterol
TG = triglycerides
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TG and A1C at 6 and 3 months, respectively. Both A1C and
TG have important clinical relevance in the management of
diabetes, as they are both markers of metabolic control and
are used to assess risk for macrovascular complications, such
as coronary artery disease, cardiovascular disease and periph-
eral vascular disease.The clinical significance of lowering TG
levels is seen in the decreased risk of vascular damage or dis-
ease progression. Many healthcare providers believe that a
0.3 mmol/L reduction in TG indicates a marked improve-
ment in a patient’s vascular health (23). A decrease in A1C
reflects an improvement in overall glycemic control for the
preceding 3 months.A reduction in A1C of 0.2% may not be
the ideal 0.5 to 1% reduction that is often cited in the liter-

ature as decreasing the risks of complications associated with
diabetes (24), but any decrease in A1C is still clinically rele-
vant. When progress in these 2 measurements was charted
(Figures 1 and 2), it was apparent that the intervention group
was not only able to improve significantly with respect to
these laboratory values, they were also able to maintain the
improvement better than the control group. Even though a
drop in A1C and TG is crucial in the management of dia-
betes, a more contributing clinical finding was a trend in the
maintenance of metabolic control (A1C and TG) by those in
the intervention group for the duration of 1 year.

It is also worth noting that most significant positive effects
were present at the 3 month and 6 month follow-up, but not

Table 3. Test of difference for physiological measures and satisfaction scale compared at time
n (n=3 month, 6 month, or 1 year follow-up) to baseline within the same group*

Control Intervention

Values n Mean (SD) Mean 
difference

(SE)

p value n Mean (SD) Mean 
difference

(SE)

p value

A1C (%)
3-month follow-up 
vs. baseline

19 6.8 (1.0)
6.8 (1.0)

0.0 (0.07) 0.8836 34 6.5 (1.0)
6.7 (1.0)

–0.2 (0.09) 0.0452†

FBG (mmol/L)
1-year follow-up 
vs. baseline

8 7.713 (2.14)
7.988 (2.07)

–0.275 (0.84) 0.7534 17 8.029 (2.17)
8.512 (2.46)

–0.483 (0.67) 0.4821

TC (mmol/L)
1-year follow-up 
vs. baseline

9 4.600 (0.90)
5.382 (1.13)

–0.782 (0.35) 0.0537 16 5.151 (1.42)
4.986 (1.11)

0.165 (0.26) 0.5318

TG (mmol/L)
6-month follow-up
vs. baseline

14 2.04  
2 (0.75)

2.132 (0.76)
–0.090 (0.12)

0.4539 24 1.900 (1.10)
2.302 (1.01)

–0.402 (0.19) 0.0428†

HDL-C (mmol/L)
1-year follow-up 
vs. baseline

9 0.963 (0.26)
1.058 (0.24)

–0.095 (0.04) 0.0527 16 1.098 (0.28)
1.029 (0.21)

0.069 (0.04) 0.1257

LDL-C (mmol/L)
1-year follow-up 
vs. baseline

8 2.468 (0.74)
3.218 (0.98)

–0.750 (0.29) 0.0372† 13 2.968 (0.90)
2.879 (0.99)

0.089 (0.24) 0.7196

Satisfaction scale
3-month follow-up
vs. baseline
6-month follow-up 
vs. baseline

10

13

3.650 (1.34)
3.517 (1.37)
3.731 (0.79)
3.423 (1.32)

0.133 (0.13)

0.308 (0.28)

0.3434

0.2867

27

22

3.574 (1.03)
3.191 (0.94)
3.682 (1.07)
3.174 (0.96)

0.383 (0.15)

0.508 (0.19)

0.0150†

0.0138†

*Includes only subjects who were in both comparison times
†Statistical significance at p<0.05

A1C = glycosylated hemoglobin
HDL-C = high-density lipoprotein cholesterol
LDL-C = low-density lipoprotein cholesterol
SD = standard deviation
SE = standard error
TC = total cholesterol
TG = triglycerides
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at 1 year (no significant changes may indicate maintenance).
A potential explanation may be that, because many patients
were enrolled late into the study, they were followed for only
3 months. This resulted in a reduced sample size for the 6
month follow-up, and even further reduction for the 1 year
follow-up (Table 3), resulting in a lack of power to detect dif-
ference due to small sample size.

Currently, the gold standard in diabetes care is for a DEC
to provide education and management with a team of health-
care professionals, despite being a costly and labour-intensive
approach. For there to be no significant difference between
the intervention and control groups with respect to manage-
ment could indicate that the patients in the intervention
group were doing just as well as those in the control group.

We are aware that results from this sample may not be
generalizable to the overall diabetes population (i.e. inter-
net-proficient and non-internet-proficient populations).
Also, considering the range of A1C levels at the beginning of
the study (4.0 to 10.0%), it is fair to conclude that most of
the patients were either newly diagnosed with type 2 dia-

betes or well managed. Further evaluation of the diabetes
internet program needs to be done to determine the benefit
in a variety of diabetes populations, such as non-internet
users, those with gestational diabetes, children with type 1
diabetes and intensive insulin therapy users. Further research
may also explore other chronic disease processes that require
intense, ongoing monitoring and management, such as con-
gestive heart failure or cardiac rehabilitation. It is, however,
important that, as one of the pioneering research projects in
diabetes internet disease management, this project focused
on evaluating those who are current internet users and
understanding how they respond to this new tool before
including the general population.

ACKNOWLEDGEMENTS
The authors gratefully acknowledge the financial support of
their project through the Change Foundation (Grant –
01018), St. Mary’s General Hospital, Grand River Hospital,
and Cambridge Memorial Hospital. We thank MicoHealth
for its technical support and software development.We also
express our appreciation to Bill Weiler for his innovation and
Jeff Poss for his assistance in data support.

AUTHOR DISCLOSURES
No duality of interest declared.

REFERENCES
1. Canadian Diabetes Association Clinical Practice Guidelines

Expert Committee. Canadian Diabetes Association 2003 clini-
cal practice guidelines for the prevention and management of
diabetes in Canada. Can J Diabetes. 2003;27(suppl 2):S1-S152.

2. Gillian Booth G, Fang J. Acute complications of diabetes: In:
Hux JE, Booth GL, Slaughter PM, et al, eds. Diabetes in Ontario.
An ICES Practice Atlas. Toronto, ON: Institute for Clinical
Evaluative Sciences; 2003:2.21-2.51. Available at: http://
www.ices.on.ca. Accessed December 15, 2006.

3. Diabetes Complications Prevention Cooperative. Adult Gap
Analysis for Southern Ontario 2001. Toronto, ON: The
Complications Prevention Cooperative; 2001.

4. Jaakkimaninen L, Shah BR, Kopp A. Source of physician care
for people with diabetes. In: Hux JE, Booth GL, Slaughter PM,
et al, eds. Diabetes in Ontario:An ICES Practice Atlas.Toronto, ON:
Institute for Clinical Evaluative Sciences; 2003:2.1-2.51.Available
at: http://www.ices.on.ca. Accessed December 15, 2006.

5. The effect of intensive treatment of diabetes on the develop-
ment and progression of long-term complications in insulin-
dependent diabetes mellitus. The Diabetes Control and
Complications Trial Research Group. N Engl J Med. 1993;
329:977-986.

6. American Diabetes Association. Standards of medical care in
diabetes. Diabetes Care. 2006;29(suppl 1):S4-S42.

7. Levetan CS, Dawn KR, Robbins DC, et al. Impact of computer-
generated personalized goals on HbA1c. Diabetes Care.
2002;25:2-8.

TG = triglycerides

Time of assessment

T
G

le
ve

l(
m

m
ol

/L
)

0

0.5

1

1.5

2

2.5

3

Control
Intervention

3 monthsBaseline 6 months 1 year

Figure 1: TG levels between control 
and intervention groups

A1C = glycosylated hemoglobin

Time of assessment

A
1C

(%
)

6.0

6.5

7.0

7.5

8.0

3 monthsBaseline 6 months 1 year

3

Control
Intervention

Figure 2: A1C levels between control 
and intervention groups at 
4 time points



405

internet vs. in-person counselling

CANADIAN JOURNAL OF DIABETES. 2006;30(4):397-405.

8. Smith SA, Murphy ME, Huschka TR, et al. Impact of a diabetes
electronic management system on the care of patients seen in
a subspecialty diabetes clinic. Diabetes Care. 1998;21:972-976.

9. Meigs JB, Cagliero E, Dubey A, et al. A controlled trial of 
web-based diabetes disease management: the MGH diabetes
primary care improvement project. Diabetes Care. 2003;
26:750-757.

10. McKay HG, King D, Eakin EG, et al. The diabetes network
internet-based physical activity intervention: a randomized
pilot study. Diabetes Care. 2001;24:1328-1334.

11. Zrebiec JF, Jacobson AM.What attracts patients with diabetes
to an internet support group? A 21-month longitudinal web-
site study. Diabet Med. 2001;18:154-158.

12. Kwon HS, Cho JH, Kim HS, et al. Establishment of blood glu-
cose monitoring system using the internet. Diabetes Care.
2004;27:478-483.

13. Kwon HS, Cho JH, Kim HS, et al. Development of web-based
diabetic patient management system using short message serv-
ice (SMS). Diabetes Res Clin Pract. 2004;66(suppl 1):S133-S137.

14. Holbrook AM, Clarke JA, Raymond C, et al. How should a
particular problem be managed? Incorporating evidence about
therapies into practice. In: Gerstein HC, Haynes RB, eds.
Evidence-Based Diabetes Care. Hamilton, ON: BC Decker; 2001:
24-47.

15. Glasgow RE. Outcomes of and for diabetes education
research. Diabetes Educ. 1999;25(suppl 6):74-88.

16. Anderson RM, Funnell MM, Butler PM, et al. Patient empow-
erment. Results of a randomized controlled trial. Diabetes Care.
1995;18:943-949.

17. Polonsky WH, Anderson BJ, Lohrer PA, et al. Assessment of
diabetes-related distress. Diabetes Care. 1995;18:754-760.

18. Fitzgerald JT, Davis WK, Connell CM, et al. Development and
validation of the diabetes care profile. Eval Health Prof.
1996;19:209-231.

19. Diabetes History Instrument. Michigan Diabetes Research and
Training Centre. 1998.Available at: http://www.med.umich.edu/
mdrtc/survey/index.html#dmh. Accessed December 15, 2006.

20. Hirdes JP, Fries BE, Morris JN, et al. Integrated health infor-
mation systems based on the RAI/MDS series of instruments.
Healthc Manage Forum. 1999;12:30-40.

21. Morris JN, Fries BE, Steel K, et al. Comprehensive clinical
assessment in community setting: applicability of the MDS-
HC. J Am Geriatr Soc. 1997;45:1017-1024.

22. Charbonneau M, Torrey P. Internet-Based Diabetes Management
Study: Seeks Better Health at Lower Cost. Marlton, NJ: Virtua
Health; 2000.

23. Genest J, Frohlich J, Fodor G, et al. Recommendations for the
management of dyslipidemia and the prevention of cardiovas-
cular disease: 2003 update. CMAJ. 2003;169:921-924.

24. United Kingdom Prospective Diabetes Study Group. Intensive
blood glucose control with sulphonylureas or insulin compared
with conventional treatment and risk of complications in
patients with type 2 diabetes (UKPDS 33). Lancet. 1998;
352:837-853.


