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KEY POINTS

e Internet blood glucose monitoring systems (IBGMS) result in glycemic improvement in

patients with type 1 or 2 diabetes, including those with poorly controlled glycemia at

baseline.

IBGMS help decrease glycemic levels without increasing the risk of hypoglycemia.

e Other benefits, seen in some studies of IBGMS, include improvements in cardiovascular
risk markers and quality of life outcomes.

e Glycemic improvements with IBGMS are not limited to patients on insulin or to those who
increase their frequency of glucose self-monitoring as a result of the intervention.

Glycemic improvements likely result from a combination of factors, including increased pa-
tient motivation and increased communication between patient and health care provider.

INTRODUCTION

Effective glycemic control is associated with reduced risk of complications of type 1
diabetes (T1D) and type 2 diabetes (T2D)."™* In controlled clinical trials, even when
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the early glycemic control is lost at a later point, patients who establish and maintain
good control early in the course of their disease may enjoy reduced risk of macrovas-
cular and microvascular complications of diabetes over a period of years to de-
cades.>® For this reason, current treatment guidelines emphasize the need for
timely introduction of lifestyle and, if necessary, pharmacologic interventions, to bring
patients to appropriate glycemic targets within months of diagnosis.® Despite this
guidance, and despite clear evidence that effective glycemic control can prevent dia-
betic complications, only half of North American patients achieve the standard glyce-
mic target of hemoglobin A; (HbA,.) level less than 7%."°

For patients with T1D and insulin-using patients with T2D, American Diabetes Asso-
ciation (ADA) and Canadian Diabetes Association (CDA) treatment guidelines support
regular self-monitoring of blood glucose (SMBG), which allows the patient to titrate in-
sulin doses, evaluate their success in reaching glycemic targets, and gauge their risk
of hypoglycemia.®'° However, the clinical usefulness and cost-effectiveness of SMBG
in controlling glycemic levels in non-insulin-using patient with T2D is less clear. A
recent meta-analysis showed that regular SMBG in this patient population was asso-
ciated with a statistically significant but quantitatively minor glycemic benefit.'" Uncer-
tainty about the role of SMBG outside the context of insulin dose adjustment is
reflected in the 2014 ADA guidelines; these guidelines recommend SMBG as a part
of a broader educational context, and to help guide treatment decisions for non-
insulin-using, as well as insulin-using, patients.®

We have proposed elsewhere'?"' that increased patient-physician communica-
tion, in the form of ongoing Internet-based contact, could increase the effectiveness
of SMBG as a means to improve diabetes management in combination with regular
care. In this article, a systematic review of Internet blood glucose monitoring systems
(IBGMS) is provided, which facilitate regular health care provider review and feedback
regarding a patient’s SMBG results. In such systems (Fig. 1), patients carry out regular
glucose monitoring and upload the resulting data to a secure Web site. From there, the
data are reviewed by a health care professional, who provides feedback on the results,
offers encouragement, and, as appropriate, recommends changes to the patient’s
monitoring practices, insulin titration, or diet.

In this article, the efficacy, safety and other outcomes are evaluated from numerous
small studies comparing patients using IBGMS with other patients with more
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Fig. 1. IBGMs. All Internet-based interventions considered in this review include the
following: (1) patient’s SMBG, (2) uploading and transmitting the SMBG data to a health
care professional (HCP), (3) the HCP reviewing and submitting feedback to the patient.
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traditional patterns of physician contact. IBGMS is consistently associated with signif-
icant improvement in glycemic control, with no evident safety concerns. Several hy-
potheses to explain the benefits of this intervention in patients are then considered,
with various treatment histories. The evidence is examined that, given the prevalence
of personal computers and mobile devices in contemporary society, IBGMS offer a
potentially cost-effective and time-sparing approach to diabetes management.

METHODS

We performed PubMed searches in March, 2014, using the following terms to find
research articles reporting IBGMS trials: Internet + diabetes, Web-based + diabetes,
telemedicine + diabetes, and telehealth + diabetes. Additional articles were chosen
by examining the reference lists of relevant reviews. Forward searching using Web
of Science identified works in which key articles were cited.

Publications on T1D or T2D were included in this analysis if they reported random-
ized controlled trials of standard practice versus IBGMS, which were defined as sys-
tems with 3 components: Web-based uploading of patients’ SMBG data, regular
review of the data by a health care professional, and digital or telephonic feedback.
Studies were excluded if they included only adolescent patients or if they did not
report HbA;. as an outcome. No formal evaluation of levels of evidence was
conducted.

SELF-MONITORING OF BLOOD GLUCOSE LEVELS ON INTERNET BLOOD GLUCOSE
MONITORING SYSTEMS

It was anticipated that patients using IBGMS might monitor their glucose more
frequently than other patients.

We identified 6 randomized controlled trials that reported SMBG frequency in both
the IBGMS and control groups. In the 3 T1D studies identified,'>~'” there were no sig-
nificant differences in SMBG frequency between patients in IBGMS and control
groups. In the 3 T2D studies identified, patients on IBGMS self-monitored significantly
more often than patients on conventional care: 55.7 times/mo versus 14.9 times/mo,
P<.001,"® 23.8 times/mo versus 12.7 times/mo, significance not reported’® and
34 times/mo versus 22 times/mo, P = .024.2°

SHORT-TERM AND LONGER-TERM GLYCEMIC CONTROL WITH INTERNET BLOOD
GLUCOSE MONITORING SYSTEMS IN TYPE 2 DIABETES

We identified 9 randomized controlled IBGMS trials that enrolled type 2 patients and 4
studies that enrolled patients with either T1D or T2D (Table 1). All but 1 of these
studies®' showed significantly improved HbA;. level in the IBGMS group compared
with the control group, as seen either in a significant difference in glycosylated hemo-
globin change (AHbA;.) between groups or in a significant decrease in HbA4. level in
the IBGMS group but not the control group.

Of the 12 T2D studies, 7'82%22-2 enrolled 50% or more non-insulin-using patients,
suggesting that IBGMS is effective in non-insulin-using patients. In the 1 study that
failed to find a significant improvement in HbA,. level with IBGMS in the total patient
population, a subanalysis of non-insulin-using patients nevertheless showed a signif-
icant decline in HbA. level in the IBGMS group relative to controls: mean HbA. level
decreased from 6.95% to 6.66% in the IBGMS group compared with 7.21% to 7.2% in
the control group (P = .02). In 3 studies, some patients were treated with diet and ex-
ercise alone, with no pharmacotherapy for diabetes.'®2%2” However, because these
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Table 1

Randomized controlled studies of IBGMS versus conventional care: glycemic, cardiovascular risk, and quality of life outcomes

Mean HbA ;.
Levels in P Value, QOL at
Participants Mean HbA,. Control A HbA;. CVD Outcomes at  Follow-Up in
(Intervention Description of IBGMS Levels in IBGMS, Group, from Levels Follow-Up in IBGMS IBGMS Compared
vs Usual Treatments in Duration (Method of Upload; from Baseline to Baseline to Between Compared with with Control
Study Care) Use (mo) Review; Feedback) Follow-Up (%) Follow-Up (%) Groups Control Group Group
T2D
Shea et al,?® >55, 352 vs 65% OHA alone, 60 Home telemedicine  7.43-7.09, NR 7.45-7.38, NR  <.001 Significant No significant
2009; Trief 353 14% insulin unit; nurse improvement in difference in
et al,*® 2007 alone, 15% managers SBP, DBP depression or
insulin + OHA, (diabetologists diabetes
5% diet alone consulted when distress
needed); Web-
based
Stone et al,”® 64 vs 73 76% OHA, 6 Wireless glucometer; 9.6-7.9 9.4-8.6 <.001 Significant
2010 79% insulin nurse under improvement in
(breakdown supervision of an LDL
of OHA alone endocrinologist;
and insulin phone
alone not
reported)
Ralston 30 vs 35 Diet, OHAs or 12 Web-based; diabetes 8.2-7.3, P=.01 7.9-8.1, NR <.01 No significant
et al,?* 2009 insulin (38% case manager; CVD benefits
used insulin) e-mail identified
Kim et al,?° 25 vs 26 67% OHA, 31% 12 Web-based; diabetic 8.09-7.04, P<.05 7.59-7.70, NS .011 No significant
2007 insulin educator or CVD benefits
professor; text identified
message
Cho et al,"® 40 vs 40 69% OHA, 12% 30 Web-based; clinical  7.7-6.7, P<.05 7.5-7.4, NS 022 Significant
2006 insulin only, investigator, daily; improvement in
10% OHA + Web-based triglycerides
insulin, 9%

exercise/diet




Kwon et al,’ 51 vs 50 NR 3 Web-based; 7.59-6.94, P<.001 7.19-7.62, NR <.05

2004 endocrinology
fellow; Web-based
Tildesley 24 vs 23 Insulin 6 Web-based; 8.8-7.6, P<.001 8.5-8.4, <.05 Significant
etal,’* 2010; endocrinologist; P =51 improvement in
Tildesley Web-based total cholesterol
etal,” 2011 and LDL
Kim et al,?? Obese 18vs16 68% OHA, 32% 12 Web-based; diabetic 8.16-6.67, P<.05 7.66-8.19, NS NR
2008 insulin educator or

professor; both by
phone and Web-

based
Yoon and 25 vs 26 69% on OHA 12 Web-based; 8.09-6.77, P<.05 7.59-8.4, P<.05 NR No significant
Kim,2¢ 2008 only, 31% endocrinologist/ CVD benefits
insulin professor; text identified
message
Bujnowska- 50 vs 50 50% insulin, 6 Wireless glucometer; 7.6-7.4, NR 7.6-7.4, NR NS No significant No significant
Fedak et 50% physician; phone CVD benefits QOL differences
al,>’ 2011 noninsulin identified
T1D and T2D
Bond etal,”’” >60yold36 49% insulin, 6 Web-based; nurse; 7.0-6.4, NR 7.1-7.0, NR .01 Significant Significant
2007; Bond vs 31 45% insulin + e-mail or instant improvements in improvements
et al,*’ 2010 OHA, 6% diet messaging total cholesterol, in depression
and exercise HDL, SBP (CES-D), QOL
(PAID)
Harno et al,*® 101 vs 74 NR 12 Glucometer; diabetes 7.8-7.3, NR 8.2-7.8, NR <.05 Significant
2006 team; text message improvements in
total cholesterol,
LDL, TG, DBP

(continued on next page)
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Table 1
(continued)
Mean HbA,,
Levels in P Value, QOL at
Participants Mean HbA,. Control A HbA;. CVD Outcomes at  Follow-Up in
(Intervention Description of IBGMS Levels in IBGMS, Group, from Levels Follow-Up in IBGMS IBGMS Compared
vs Usual Treatments in Duration (Method of Upload; from Baseline to Baseline to Between Compared with with Control
Study Care) Use (mo) Review; Feedback) Follow-Up (%) Follow-Up (%) Groups Control Group Group
McMahon HbA. >9% 51% on OHA, 12 Web-based; nurse, —1.6 reduction —1.2reduction <.05 Significant
et al,>>2005 52 vs52 49% on physician; Web- from baseline,  from improvements in
insulin based P<.001 baseline, HDL, TG, SBP
P<.001
Tjam et al,?®  34vs 19 NR 12 Web-based; nurse; 6.7-6.5, P = .045 6.8-6.8, NR
2006 Web-based P = .88
T1D only
Charpentier 61 vs 59 Insulin 6 cell-phone; physician; 9.11-8.41, NR 8.91-9.1, NR <.001 No significant
etal,’ 2011 phone; Additional: differences by
Diabeo Decision- DQOL and
support software Diabetes Health
Profile
Kirwan et al,?® 36 vs 36 Insulin 6 Smartphone app; 9.08-7.8, P<.001 8.47-8.58, NS <.001 No significant
2013 diabetes educator; differences by
text message DQOL
Montori 16 vs 16 Insulin 6 Direct upload from 9.1-7.8, NR 8.8-8.2, NR .03
et al,’® 2004 glucometer; nurse
(supervised by
endocrinologist;
phone call)
Jansaetal,*® 16vs 14 Insulin 12 Glucometer 8.4-7.6, P = .008 8.9-7.6, NS No significant

2006

through phone
line; nurse; phone
(teleconsultations
took the place of
in-person visits)

P =.001

differences by
DQOL
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Gomez et al,*” 10 (crossover Insulin 14 PDA; physicians and  8.4-7.9, NR 8.1-8.15, NR .053
2002 design) nurses; PDA-based
Benhamou 15vs 15 Continuous 6 PDA/cell; 8.31-8.18, 8.22-8.34, .097 Significant
et al,>2 2007 subcutaneous investigator; text P=.17 P=.33 improvements
insulin message in DQOL global
infusion score and DQOL
satisfaction
with life
subscale
Rossi et al, '’ 63 vs 64 Insulin 6 Cell phone; physician; 8.4-7.9, <.0001 8.4-7.9, <.0001 .73 No significant Significant
2013 text message; CVD benefits improvements
Additional: identified in perceived
automatic dosage frequency of
calculation based hyperglycemic
on carb intake episodes on
DTSQ and social
relations on
DQOL
McCarrier 25vs 16 Insulin 12 Web-based; nurse; 7.99-7.62, NS 8.05-8.16, NS .16
et al,*® 2009 e-mail
Biermann 27 vs 16 Insulin 8 Web-based; 8.3-7.1, NR 8.0-6.8, NR NS
et al,3® 2002 physician; phone
(teleconsultations
took the place of
in-person visits)

Abbreviations: CES-D, Centre for Epidemiological Studies Depression scale; CVD, cardiovascular disease; DBP, diastolic blood pressure; DQOL, diabetes-specific quality of life
questionnaire; DTSQ, diabetes treatment satisfaction questionnaire; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NR, not reported; NS, nonsignificant; OHA,
oral hypoglycemic agent; PAID, problem areas in diabetes; PDA, personal digital assistant (a small handheld computer); QOL, quality of life; SBP, systolic blood pressure; TG,

triglycerides.
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patients represented a small proportion of the study populations (~7-9%), and no
subgroup analyses were performed, the effectiveness of IBGMS in patients relying
on lifestyle modification alone to control their T2D cannot be evaluated.

Most studies were short, with follow-up between 3 and 12 months. Significant re-
ductions in HbA. level with IBGMS were observed in as little as 3 months.'#19:22,23.26
Two longer-term studies showed that the glycemic benefit of IBGMS can be main-
tained over several years. Cho and colleagues'® reported that intervention patients
experienced a decrease in HbA;; level from a mean of 7.7% to 6.7% (P<.05) after
30 months, compared with 7.5% to 7.4% (not significant) in controls. The large-
scale The Informatics for Diabetes Education and Telemedicine (IDEATel) trial also
showed that IBGMS can deliver long-term glycemic benefit. After a 5-year follow-
up, patients in the Internet intervention arm showed a mean decrease in HbA,. level
from 7.43% to 7.09%, compared with 7.45% to 7.38% in the conventional care
arm; the change from baseline was significantly different between groups.?® Both
these studies had 70% to 78% non-insulin-using patients, suggesting that IBGMS
can facilitate long-term glycemic control in individuals with T2D, independent of any
benefits related to insulin dose titration.

Although these studies showed significant decline in HbA. level within 3 months of
IBGMS use, this short-term intervention may not be sufficient to effect lasting glyce-
mic control. Tildesley and colleagues’® reported that mean HbA levels in insulin-
using patients with T2D decreased significantly, from 8.8% to 7.6% (P<.001) after a
6-month follow-up. However, after patients in the intervention group were returned
to conventional care, HbA levels returned to baseline within 6 months. Thus, ongoing
patient-physician communication may be required to maintain the benefits of IBGMS.

INTERNET BLOOD GLUCOSE MONITORING SYSTEMS IN WELL AND POORLY
CONTROLLED TYPE 2 DIABETES

Studies focusing on patients with higher HbA. level at baseline have shown some of
the most remarkable improvements in glycemic control with IBGMS. Of 6 T2D studies
featuring mean baseline HbA level 8% or greater (1 with insulin only'#; 5 with oral
agents with or without insulin®%22-2428) the mean decrease in HbA;. level ranged
from 1.05% to 1.7%, with the largest decrease seen in the study with the highest base-
line HbA,. level.?®

In addition, patients with T2D who are at or near their glycemic target seem to main-
tain or improve their degree of glycemic control with IBGMS. Thus, in a study of both
T1D and T2D, with patients on a variety of therapies, mean HbA. level declined from
7.0% 10 6.4% in the Internet intervention group, whereas the control group HbA. level
declined nonsignificantly from 7.1% to 7.0%.2” Two studies that carried out a subanal-
ysis of patients with baseline HbA+. level less than 7.0% both showed a significant dif-
ference between intervention and control groups with regard to follow-up HbA;.
level.'®"° Moreover, in the IBGMS study with the best glycemic control at baseline,
HbA,. level decreased significantly from a mean of 6.7% to 6.5% (P = .045) in the
IBGMS group, versus 6.8% to 6.8% (not significant) in the control group.® Hence,
baseline glycemic control does not seem to be a limitation in patient selection for
IBGMS.

INTERNET BLOOD GLUCOSE MONITORING SYSTEMS IN WELL AND POORLY
CONTROLLED TYPE 1 DIABETES

Although Internet interventions in T1D do not result in the same widespread im-
provement as seen in T2D studies, IBGMS result in a consistent trend toward greater
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HbA ;. level reduction. This improvement reached statistical significance in some T1D
trials, namely those in which patients experienced poor glycemic control at baseline.

Of the 9 identified trials of T1D, 3 showed a glycemic benefit for IBGMS compared
with conventional care.'® 620 All of the studies that showed a significant glycemic
benefit in the intervention arm had a mean baseline HbA . level of 8.4% or greater,
whereas all the studies that failed to show a significant benefit of IBGMS use had a
mean baseline HbA; level of 8.4% or less. As in comparable studies in T2D, greater
change in HbA. level with IBGMS occurs in patients with poorly controlled disease.

HYPOGLYCEMIA AND INTERNET BLOOD GLUCOSE MONITORING SYSTEMS

Insulin and some oral agents decrease glycemic exposure at the cost of heightening
patients’ risk of overall and serious hypoglycemia.”? This dose-limiting toxicity is
important clinically, because of the intrinsic adverse effects of hypoglycemia, and
also because of its psychological effect, whereby fear of hypoglycemia delays treat-
ment implementation and reduces treatment adherence.®’

Several studies reporting overall and severe hypoglycemic episodes rates showed
no significant change in either outcome with IBGMS use.'®16:20-2332 Thjs finding is
interesting in itself, given that frequency of SMBG commonly increases with the intro-
duction of IBGMS (see earlier discussion). Because biochemically defined hypoglyce-
mia commonly goes unnoticed by patients,*>34 it might have been expected that mild
hypoglycemia would be detected in IBGMS patients at an increased rate. However, no
study has reported such an effect. Rather, studies have reported nonsignificant trends
toward a lower hypoglycemia rate or, in 2 cases, a significant decrease in the fre-
quency of moderately severe'” and severe hypoglycemia.?! Crucially, this apparent
increase in treatment safety with IBGMS was seen in insulin-using'617:32:35.36 ag
well as non-insulin-using patients,?%2"?% and in studies of patients with poor baseline
glycemic control, in which changes in HbA4. level with treatment were particularly
striking.

Because use of IBGMS increases monitoring by a health care professional, this
intervention is expected to address these psychological barriers to effective pharma-
cotherapy. In 1 T1D study, patients with IBGMS reported an improved fear of hypogly-
cemia dimension of the Diabetes-Specific Quality of Life Scale Questionnaire
compared with control patients, but this difference did not reach statistical signifi-
cance (P = .06)."” Given the apparent decline in hypoglycemia incidence in patients
using IBGMS, we speculate that broader implementation will help to alleviate fear of
hypoglycemia in both health professionals and patients.

IMPROVED GLYCEMIA IN INTERNET BLOOD GLUCOSE MONITORING SYSTEMS: SOME
POTENTIAL MECHANISMS

We hypothesized that improved glycemic control seen in IBGMS interventions could
arise in part because of increased insulin doses or increased frequency SMBG, which,
in some studies of T1D or T2D, correlates with decreased HbA,. level.>"~°
Improved HbA ;. level with IBGMS does not seem to be primarily a consequence of
increased insulin doses. As noted earlier,'®2%2226 the benefit of IBGMS is not
restricted to insulin-using patients. Moreover, among 4 studies reporting insulin
dose data, none identified significant differences in insulin dose, comparing baseline
and follow-up or between treatment arms.'#~'63® Thus, it seems that improvement in
HbA,. level with IBGMS is largely independent of insulin dose adjustments. This
conclusion is consistent with the finding that treatment modification was the least
frequent type of feedback for patients to receive by means of IBGMS, with
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encouragement being the most frequent type of feedback.'® Therefore, support and
encouragement to increase frequency of SMBG and improve diet and exercise may
be more important factors to explain the benefits of IBGMS, compared with any effect
on insulin doses.

The beneficial effect of SMBG as an explanation of IBGMS outcomes is more diffi-
cult to rule out. SMBG frequency is expected to increase with IBGMS; as noted earlier,
several studies have documented this effect.'®'® However, other studies confirming
the efficacy of IBGMS have found no increase in SMBG frequency.'®'® Moreover,
even in studies in which SMBG frequency increased, no correlation has been found
between patients’ SMBG frequency and improvement in HbA4. level. These studies
suggest that although SMBG may contribute to better glycemic control, increased
SMBG alone does not explain the glycemic benefits of IBGMS.

In addition to a possible effect of increased SMBG frequency, patients using IBGMS
often report increased self-motivation, because of being followed more closely by their
health care provider. The number of data uploads from a given patient may offer a
quantitative measure of this self-motivation, and this measurement seems to correlate
well with IBGMS efficacy. Thus, McMahon and colleagues?® identified a significant as-
sociation between data upload frequency and improvement in HbA. level (decreases
of -2.1% and -1.0% in the highest and lowest tertiles, respectively; P<.02). Another
study, not reaching statistical significance, reported a similar trend.?*

We propose that glycemic improvements seen in patients on IBGMS result from a
combination of factors that stem from increased self-motivation and increased
patient-physician communication. Such factors may include improved diet, increased
exercise, and, in some cases, increased frequency of SMBG or more effective use of
medications.

CARDIOVASCULAR RISK FACTOR CHANGE WITH INTERNET BLOOD GLUCOSE
MONITORING SYSTEMS

Decreased risk of cardiovascular (CV) disease is expected in individuals achieving
improved HbA, levels.>* To evaluate whether IBGMS affected patients’ CV risk,
we examined risk marker changes in various studies of IBGMS. Lipid measures
were reported in 12 studies,*7-20,23-25.27,28,40 of which 6 showed improvements to
at least 1 lipid measure compared with conventional care.’#18-2327.28.40 Similarly, of
the 7 IBGMS studies reporting blood pressure data,!”:23:2527:28:40 4 showed improve-
ments in either systolic or diastolic blood pressure, compared with conventional
care.?®2527:40 Although these findings are suggestive, longer-term follow-up studies
involving more patients may be needed to confirm the CV benefits of IBGMS.%*

QUALITY OF LIFE AND PATIENT SATISFACTION WITH INTERNET BLOOD GLUCOSE
MONITORING SYSTEMS

Three studies reported significantly improved quality of life (QOL) in the Internet inter-
vention group, compared with control groups,’”>4! and 5 reported no significant
difference.’®21:%0

Of the 3 showing QOL benefits, 14" reported a significant improvement in HbA4¢
levels compared with controls, 1 showed a trend to improvement in HbA;; levels
compared with controls,*? and 1 showed significant improvement in both intervention
and control arms, but there was no significance between the groups.'” This finding
suggests that patients may experience benefits from IBGMS beyond those detected
by clinical measures. In a study in which HbA,. level change was not significantly
different between the IBGMS and control arms, 85% of patients in the intervention
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arm believed that the Internet intervention was better than conventional care. Reasons
cited included better surveillance of SMBG data by the physician and faster interven-
tion in the case of problems.*®

COST-EFFECTIVENESS OF INTERNET BLOOD GLUCOSE MONITORING SYSTEMS

No formal pharmacoeconomic studies have been published assessing the cost-
effectiveness of IBGMS in widespread implementation. However, some of the ran-
domized controlled studies discussed earlier report comparisons of costs between
intervention and control groups.

Cost outcomes have varied substantially over time, with dramatically lower costs
seen in recent years, as personal mobile devices became ubiquitous and became a
popular platform for Internet medicine. Thus, in the IDEATel study, which started in
2000, health care costs increased 71% to 116% in the intervention group compared
with the control group.“? The costs associated with the intervention arm, more than
$8000 per patient per year, were driven mainly by the cost of a specialized home tele-
medicine unit and associated training and demonstrating costs.*?> However, as early
as 2003, Jansa and colleagues®® reported that, in the absence of technical problems,
IBGMS use was associated with a decrease in health care provider costs of €40
(~$55 US) per case over 12 months, because of decreased lengths of appointments
in the intervention group.

With more recent Internet-based interventions using patients’ Internet-connected
personal computers or data-connected cellular phones, Internet intervention costs
will likely decrease dramatically. A study that recruited patients who owned iPhones
to use the free Glucose Buddy app for SMBG tracking estimated an intervention
cost of $8.08 AUD (~$7.50 US) per patient over the 6-month study.®° This modest
cost covered the salary of the certified diabetes educator, who spent 5 minutes per
patient per week reviewing cases and sending feedback.

From a health care provider’s perspective, the automatic uploading of patients’
SMBG data increases accuracy of data interpretation by showing the uploaded
data in table and graph formats and saves time by automatically incorporating data
into electronic medical records. Furthermore, IBGMS Internet or cell phone feedback
can potentially replace appointments for dosage adjustments, thus decreasing overall
health care costs and freeing up clinic resources.

For patients, IBGMS use has the potential to reduce the number of appointments for
dose adjustments or routine follow-up, resulting in decreased travel time. Taking into
account travel time and time off work, Biermann and colleagues®® calculated a savings
of €650 (~ $900 US) for patients in their intervention, compared with control patients.
In this study, physicians followed up with patients by phone every 2 to 4 weeks,
compared with monthly in-person visits in the control group. Jansa and colleagues®®
estimated the cost savings of teleconferences instead of in-person visits at €396
(~$548 US) over 12 months. In that study, the intervention group attended 9 telecon-
ferences and 3 hospital appointments versus 12 hospital appointments in the control
group.

Long-term cost-benefit analyses, especially in widespread implementations of
IBGMS, are needed to show that improved HbA,. level from IBGMS translate to
reduced use of health care resources.*® In principle, such savings could be substan-
tial, because sustained annual cost savings per patient have been reported at $685 to
$950 for patients achieving a decrease in HbA. level of 1% or more."" As noted
earlier, this level of glycemic improvement is commonly reported in studies of
IBGMS.*
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WIDESPREAD IMPLEMENTATION OF INTERNET BLOOD GLUCOSE MONITORING
SYSTEMS

IBGMS is emerging as the standard of care for patients with diabetes in the Canadian
province of British Columbia. In this jurisdiction, family physicians, general internists,
and endocrinologists are now remunerated for reviewing patient glucose reports.
Patients are asked to upload their SMBG data every 2 weeks through a choice of plat-
forms. The patient’s physician then reviews the readings and sends feedback via
e-mail.

A total of 1200 patients have been enrolled, and outcome data on the first 409 pa-
tients showed significant improvement of HbA ;. levels after 3 to 9 months of follow-up
(Fig. 2). Glycemic control improved significantly after introduction of IBGMS in pa-
tients with T1D and baseline HbA; level 6.9% or greater. Similarly, patients with
T2D, treated with insulin or oral agents, showed significant improvement in HbA;¢
level.** As was previously reported in a clinical trial, individuals who used the IBGMS
frequently (frequent uploaders) experienced greater improvement in glycemic control,
relative to infrequent uploaders.?®

These real-world findings generally agree with results from randomized controlled
trials, in that IBGMS seems effective in T2D, irrespective of baseline glycemia
or mode of treatment, as well as in T1D for patients with poor glycemic control.
Moreover, more frequent use of the system to upload of SMBG data (presumably
reflecting greater patient self-motivation) was associated with improved HbA,.
levels.

8.8 4
8.6 - Baseline HbA,

8.4 | Follow-up HbA,
8.2 4

7.8 -
7.6 -
7.4 -
7.2

HbA;, %

115 44 71 256 116 35 81 140 41 99

6.8

Freq Infreq' Total Freq ' Infreq'
Repb Rep Rep Rep Rep

OHA Insulin +/- OHA
Type 1 Type 2

Total® " Freq 'Infreq Total = Total
Rep®

Fig. 2. Mean HbA, level at baseline and follow-up in patients with IBGMS who upload their
blood glucose data frequently (Freq Rep) versus infrequently (Infreq Rep). When patients
with HbA;. level less than 6.9% were excluded, patients with T1D showed a significant
improvement in HbA. level at follow-up (P<.01). Total T2D, T2D on OHA only, and T2D
patients on insulin = OHA all showed significant decreases in HbA;. level at follow-up (all
P<.001). P = .05 for frequent reporters compared with infrequent reporters for each type
of diabetes. 2 Excluding patient HbA;  level less than 6.9%); ° excluding patient HbA; level
less than 7.4%. OHA, oral hypoglycemic agent. (Data from Tildesley HD, Conway ME, Ross
SA, et al. Review of the effect of internet therapeutic intervention in patients with type 1
and type 2 diabetes. Diabetes Care 2014;37(2):e31-2.)
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Box 1
Sample messages to patients

High in the am; please increase evening metformin to 750 mg at supper. Let's see if there is any
shift in 2 weeks.

Your lunch value is excellent, but supper is showing variability. Please work on having supper at
the same time each day, which should improve consistency, and report again in 2 weeks.
Thanks.

Your sugar levels are a little high at lunch and supper. Try a carb ratio of 10:1 at breakfast and
lunch. Please report again in 2 weeks. Thanks

PRACTICAL TIPS FOR EFFECTIVE INTERNET BLOOD GLUCOSE MONITORING SYSTEMS

One key to efficient implementation of IBGMS is the use of clear and standardized re-
ports of patient glucose levels. Reports should clearly indicate time of day, average
glucose levels, range and standard deviation (SD) of glucose values. They should
be organized so that raw data, as well as summary data, can be accessed easily.
As a general rule, testing frequency should be such that there are at least 10 values
for a given time of day across the reporting period, for instance 10 before breakfast
measurements within 2 weeks, or else the statistics may be less accurate to their
true values. Most glucose meters and some insulin pumps and sensors are designed
to facilitate the uploading and transmission of stored data.

One rule of thumb is to first check the SD of glucose levels by time of day. In general,
if the SD is less than 50 mg/dL (<2.8 mmol/L for measurements in Sl units), the data
can be used for determining appropriate therapeutic changes. If the SD is increased,
therapeutic changes should be delayed until the patient is able to provide more
consistent values. Larger SD values are related to meal timing, meal content, timing
of medications, or possibly, major stresses, which result in less focus on diabetes
self-management. Possible causes could include major life events such as the death
of a family member, recent unemployment, or development of a mental health disor-
der; for such situations, the cause of stress should be addressed directly, often with
the aid of a mental health professional. The next step is to decide if average values
are at target by time of day; if not, medications are adjusted according to their onset
and duration of action and effect.

With practice, reports can be reviewed efficiently, allowing a health professional to
offer clear guidance in a concise text or e-mail message to the patient. Typically, such
a message suggests changes in diet (eg, carbohydrate ratio for specific meals) or in
the timing or dose of insulin or an oral agent. The patient should always be asked to
follow up at a specified time (eg, 2 weeks later) to discuss the outcomes of these
changes (Box 1).

SUMMARY AND FUTURE PERSPECTIVES

Telehealth (Internet-based and telephone-based) interventions have been increas-
ingly discussed in recent clinical practice guidelines. The CDA 2013 Clinical Practice
Guidelines recommend that technologically based home blood glucose monitoring
systems be integrated into self-management education interventions, to improve
glycemic control.® Likewise, the ADA 2013 Standards of Medical Care Position
Statement indicates that telehealth can help provide self-management education
and support.™®
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We have argued here that IBGMS is broadly useful in patients with T1D and T2D, in
large part because it improves communication between patients and their health care
providers. Widespread rollout of IBGMS is ongoing in some locations, and experience
from these nascent programs should answer lingering questions about the benefits
and cost-effectiveness of the approach. The findings are encouraging. Since 2011,
the Canadian province of British Columbia has reimbursed endocrinologists for the re-
view of IBGMS data.

Although a cost analysis of this IBGMS implementation is not available, a health pro-
fessional is typically able to review patient data and send feedback to the patient via
e-mail in just a few minutes per case, performed every 2 to 4 weeks. Most recently,
the United Kingdom has undertaken a 30-month study called HeLP-Diabetes (Healthy
Living for People with type 2 Diabetes). The study will be conducted in 2 inner city Lon-
don boroughs, in which there are ~ 14,000 potential users of HeL P-Diabetes,*® making
this the largest IBGMS program yet designed. Data from this study are eagerly awaited.

Available study data on IBGMS support the clinical usefulness of this approach to
diabetes management, with improved glycemic control in all types of diabetes
patients and no increase in hypoglycemia risk. IBGMS seems to be well accepted
by patients and to involve minimal time commitment from the health professional,
with some evidence of health care cost savings and reduced burden on clinical re-
sources. IBGMS thus warrants consideration, both for widespread implementation
and for insurance coverage.
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