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Telehealth Remote Monitoring
Systematic Review: Structured
Self-monitoring of Blood Glucose
and Impact on AIC

Deborah A. Greenwood, MEd, RN', Heather M. Young, PhD, RN',
and Charlene C. Quinn, PhD, RN?

Abstract

The aim was to summarize research on telehealth remote patient monitoring interventions that incorporate key elements
of structured self-monitoring of blood glucose (SMBG) identified as essential for improving AIC. A systematic review was
conducted using the Medline, Cumulative Index to Nursing and Allied Health Literature, EMBASE, and OVID Medline
databases with search terms “Telemedicine” AND “Monitoring, Physiologic” AND “Diabetes Mellitus, Type 2.” Study
selection criteria included original randomized clinical trials evaluating the impact of telehealth remote patient monitoring
on AIC among adults with type 2 diabetes and incorporated | or more essential elements of SMBG identified by the
International Diabetes Federation (patient education, provider education, structured SMBG profile, SMBG goals, feedback,
data used to modify treatment, interactive communication or shared decision making). Fifteen studies were included, with
interventions ranging from 3 to 12 months (mean 8 months) with sample sizes from 30 to 1665. Key SMBG elements were
grouped into 3 categories: education, SMBG protocols, and feedback. Research incorporating 5 of the 7 elements consistently
achieved significant Al C improvements between study groups. Interventions using more SMBG elements are associated with
an improvement in AIC. Studies with the largest AIC decrease incorporated 6 of the 7 elements and computer decision
support. Two studies with 5 of the 7 elements and active medication management achieved significant AIC decreases.
Telehealth remote patient monitoring interventions in type 2 diabetes have not included all structured monitoring elements
recommended by the IDF. Incorporating more elements of structured SMBG is associated with improved Al C.

Keywords
AIC, diabetes, diabetes self-management education, remote patient monitoring, self-monitoring of blood glucose, telehealth

Approximately 26 million Americans have diabetes. When
uncontrolled, diabetes is the seventh leading cause of death
and the leading cause of kidney failure, blindness, and non-
traumatic amputations in the United States.' Researchers
have found a decrease in complications and improved qual-
ity of life when persons with type 2 diabetes achieve national
diabetes outcomes targets for blood glucose, blood pressure,
and blood fats.” Identifying evidence-based solutions to
improve outcomes in this population is critical.

Patient self-management is an integral component of
effective diabetes care and improves diabetes short-term out-
comes.” The American Association of Diabetes Educators
(AADE) identifies healthy eating, being active, monitoring,
taking medications, problem solving, healthy coping, and
reducing risks as 7 essential self-management skills, the
AADE7,” required for successful behavior change to pro-
mote health for persons with diabetes.® Clinical studies have
demonstrated the importance of self-monitoring of blood

glucose (SMBG) in improving hemoglobin A1C (A1C) for
persons with type 2 diabetes who use insulin.” However, crit-
ics cite meta-analyses that demonstrate small improvements
in A1C in studies of type 2 diabetes not managed with insulin
that, although significant, may not be clinically meaningful ®
Because the majority of individuals with type 2 diabetes are
not treated with insulin, studying and understanding this
population independently is important.”'° In 2009 the
International Diabetes Federation (IDF) published guide-
lines that focus on structured SMBG protocols to improve
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SMBG data quality and interpretation in type 2 diabetes."
Structured SMBG profiles—patterns of SMBG data that
vary in intensity and frequency—are essential to evaluate
glycemic patterns and to identify lifestyle or therapy altera-
tions in all persons with type 2 diabetes including those not
treated with insulin.""'* Recent research addressing current
guidelines demonstrate that improved research design, with
structured and purposeful use of SMBG data that includes
feedback, improves A1C.">'*'® A 2011 consensus report'
concluded that SMBG should be performed in a structured
manner utilizing specific SMBG profiles and incorporate
education for persons with type 2 diabetes and their provid-
ers. Guidelines recommend individualized analysis and
behavioral treatment based on SMBG profiles. Interventions
with structured SMBG for people with type 2 diabetes must
include the following features:'*'?

1. Educational intervention (including self-manage-
ment, SMBG, and/or behavior change) described for
participants (Education)

2. Educational intervention described for health care
providers (Education)

3. Use of a specific structured SMBG profile (describ-
ing frequency and intensity of monitoring) identified
and individualized to patient (SMBG profile)

4. SMBG goals identified using evidence based guide-
lines for both pre- and postmeal (SMBG profile)

5. SMBG data used to modify behavior or treatments
(Feedback)

6. Evidence of feedback provided to the patient includ-
ing documentation of communication methods, for
example, telephone, email, in-person, and/or com-
puter generated (Feedback)

7. Evidence of interactive, 2-way communication or
shared decision making strategies between patient
and provider to implement plan (Feedback)

Telehealth support for persons with diabetes is a burgeon-
ing area of research and practice, with the goal of deploying
enabling technology to improve communication, monitor-
ing, and successful enactment of the plan of care. The ongo-
ing debate surrounding the benefit of SMBG in people with
type 2 diabetes not treated with insulin is highly relevant to
telehealth interventions, suggesting the need to incorporate
fundamental structured SMBG concepts in telehealth
research. Telehealth includes a variety of telecommunica-
tions technologies including telephones, mobile phones, tex-
ting, email, videoconferencing, e-health patient portals,
nurse call centers, and monitoring of vital signs to deliver
health care remotely.*’ In general, studies of telehealth inter-
ventions for people with type 2 diabetes reveal mixed out-
comes and blood glucose improvement. Several systematic
reviews and randomized clinical trials (RCTs) demonstrate
participant satisfaction with telehealth technology,”' 2 yet
these studies do not demonstrate consistent improvement in

AIC. Evidence indicates high acceptance of technology
among individuals with diabetes, which may increase
engagement in self-management and empower people with
diabetes.”” A systematic review evaluating remote patient
monitoring (RPM)—an automated process including the
transmission of data directly from the person with diabetes to
the health care provider—found a statistically significant
decrease in A1C of 0.22%, (95% CI —0.35 to —0.08); how-
ever, there was variability in glycemic control and a modest
clinical effect.” A separate review found that telehealth RPM
resulted in significant improvements in A1C and reduced
complications while empowering participants to engage in
their own care.” Telehealth systems with RPM that incorpo-
rate a complete feedback loop—data collection and interpre-
tation combined with prompt feedback to the person with
type 2 diabetes to modify treatment plans—between partici-
pant and provider are associated with improved outcomes.”

While the complete feedback loop has been identified as
an essential component of both SMBG and telehealth RPM,
researchers have found limited and inconsistent integration
of feedback in diabetes management by both health care pro-
viders and people with diabetes.'”***° Structured SMBG
incorporated within a telehealth RPM intervention is a
method to foster a complete feedback loop. A recent paper
focusing on personalized diabetes management presents a
case for structured SMBG within an overall e-health model
incorporating a feedback loop in diabetes and provides a
framework to support the premise of this review.”' Telehealth
RPM technology creates an opportunity to provide education
while at the same time increasing access to frequent struc-
tured SMBG data to intervene in a timely manner with
appropriate feedback and treatment plan modification, capi-
talizing on the benefits of telehealth RPM.

Objective

The purpose of this systematic review was to identify tele-
health RPM interventions that incorporate key elements of
structured SMBG identified as essential for decreasing A1C.

Methods

Data Sources and Review

The systematic literature search was conducted on December
11, 2012 using the Medline, Cumulative Index to Nursing
and Allied Health Literature (CINHAL), EMBASE, and
OVID Medline databases using the following search terms:
“Telemedicine” (Mesh) AND “Monitoring, Physiologic”
(Mesh) AND “Diabetes Mellitus, Type 2” (Mesh). Only
studies published in peer-reviewed journals in English were
considered, with no limit on the publication date.

Study selection criteria included original RCTs evaluating
the impact of telehealth RPM (defined as remote blood glu-
cose monitoring data transfer over a telephone [mobile or
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Figure 1. Flow diagram for studies included in the systematic review.

landline], computer or Internet-based platform) on A1C and
incorporating 1 or more of the 7 features of structured
SMBG. Study participant inclusion criteria were adults (=
with type 2 diabetes.

The initial search resulted in 229 abstracts evaluated
against search criteria. Systematic reviews and reference lists
of included studies were reviewed and 14 additional relevant
studies were identified. One hundred seventy-one study
abstracts were eliminated after review of title and abstract.
The methods sections of the remaining 49 complete studies
were evaluated for relevance to this systematic review. The
selection process resulted in 15 published RCTs selected for
review (Figure 1).

The data were abstracted using the Matrix method* and
organized by the following headings: author/year published,
sample, proportion of participants using insulin, country,
time frame; description of intervention and control situa-
tions; outcome measures and instruments; and the interven-
tion effect (IE). The IE on A1C was not reported in a
consistent manner between studies. When it was not reported,
the authors calculated the IE, the difference between the
change in pre- and postprogram mean A1C from baseline to
conclusion of the intervention (Table 1). The specific ele-
ments of structured SMBG described in the interventions

were extracted by DAG and confirmed by CCQ and are
defined in Table 2.

Results

Study Design and Subjects

Studies represented multiple countries including the United
States (n =9), Korea (n = 3), Italy (n=1), Poland (n= 1), and
Spain (n = 1). Most studies included participants on insulin,
2 studies included individuals on oral antihyperglycemic
medications and lifestyle therapy alone,™** and 2 did not
indicate the medication status.”>*® One study focused on
insulin titration.”’ Study sample sizes ranged from 30 to 1665
with a mean of 259 participants and a median of 144 partici-
pants. Age ranged from 47 to 71 years. A1C was the primary
outcome in all studies. Secondary outcomes are identified in
Table 1 and include weight loss, body mass index, quality of
life, and blood pressure, among others. The length of the
intervention varied from 3 to 60 months with median of 7.5
months with 1 study reporting a 5-year follow-up.** Eight
studies utilized registered nurses (RN), nurse practitioners
(NP), or certified diabetes educators (CDE) to provide the
intervention.”?**33¢3%42 Two studies provided automatic
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Table I. Summary of Study Characteristics Included in Final Review (n = 15).

Author, year

Sample, insulin use,
country, time frame

Intervention (I) and control (C) groups

Outcome measures

Results (only significant differences
between intervention and control are

reported)

Bujnowska-
Fedak et al,
2011

Carter et al,
2011

Cho et al, 2009

Del Prato et al,
2012

Faridi et al,

2008

Kim et al, 2006

Lim et al, 2011

n =100

2 groups (insulin and
no insulin)

Insulin:

1: 51%,

C: 50%

Poland

é6m

n=74

Insulin not reported
USA

All African American
9m

n=75

Insulin not reported
Korea

3m

n =24l

All starting Insulin
Italian

12m

n=30

Insulin not reported
USA

3m

n =60

Insulin:

1: 32%

C:31%

Korea

3m

n =144

Insulin not reported
Korea

6m

uc
Doctor visit every 2 months
I:
Weekly glucose results sent to doctor using wireless
technology
Alerts to clinic
Texts to providers
Software for patients and provider to enter additional data,
exercise, food, stress
Computer decision support system
Summary BG data sent to patients including graphs, charts
and trend patterns
uc

I: RN

3 online education modules-self-management, health
education, and social networking

Home laptop with wireless scale, BP cuff, and glucometer
Telehealth RN developed action plans with patient during
biweekly 30-minute videoconference

C: Web-based reporting of SMBG
I: Mobile phone automated SMBG

C:

C:

C:

C:

Insulin titration with algorithm
SMBG log
Provider visits
I:
Telecare glucose transmission to provider
Feedback re: dose titration to patient via phone
Titration daily at meal with largest PPG

uc

Daily tailored messages via cell phone
Prompts to improve self-care in response to SMBG and
pedometer
uc
| or 2 endocrinologist visits
RN or RD PRN

SMBG and medication info transfer via text or Web entry
RN review

uc
Clinic visit every 3 months
I: 2 groups (1, IU)
I: traditional SMBG 8 times per week
IU: mobile phone an wireless glucometer
Wireless transfer of SMBG to a hospital-server.
Computer decision support system rule engine
Automatic patient specific messages by text via mobile
phone in 2 minutes
Guidelines based
Uses previous weekly and monthly glucose averages for
lifestyle or medication changes

Primary:
AlIC
Secondary:
FBG

PPG
SMBG
QoL
Adherence
Hypo

Primary:
AlIC
Secondary:
BMI

BP

DKT

Primary:
AlC
Secondary:
BP

FBG
Height
PPG
Satisfaction
Adherence
Weight
wcC
Primary:
AlC
Secondary:
SMBG (8 point
profile)
Insulin dose
Weight
Primary:
AlIC
Secondary:
SDSCA
Self-efficacy
Primary:
AlC
Secondary:
FBG

PPG

Primary:
AlIC

AICNS
QOL:

o T Sense of control over glucose

levels P = .03

e Diabetes in general P = .045

AICAI:-2.18%; C: -0.9%

IE: —1.28%

P < .05 at 9 months
Significant association between
participation in intervention and
achieving: (p < .05)

AIC<7%<.05

| group 4.58 times more likely to

reach A|IC target

BMI

DKT
AICNS
PPG { in both groups (P < .001)

AICNS

AIC NS
I: Self-efficacy T P =.008

AICAI:-1.15%; C: +0.07%
o |E:-1.22%

e P <.005 at 3 months

I: PPG { P<.05

AICNS
T SMBG frequency between groups
P=.0l

C:31.2%

I: 68.5%

1U: 81.2%

(continued)
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Table 1. (continued)

Sample, insulin use,

Author, year country, time frame

Intervention (I) and control (C) groups

Results (only significant differences
between intervention and control are

Outcome measures reported)

n= 104
Insulin:

I: 52%
C: 50%
USA
Veterans
12m

McMahon et al,
2005

n=30
Insulin:
1:31%
C:31%
USA
3m

Quinn et al,

2008

Quinn et al,
2011

n = 26 (cluster RCT by
PCP practice)

Insulin not reported

USA

12m

n =328
Insulin:

I: 38.5%
C:37.2%
Spain
12m

Rodriguez-
Idigoras et al,

2009

C: UC and education

I: UC and

e Notebook computer

e Glucometer and BP to upload data

e Access to care management website with education
modules

e Secure messaging with care manager using internal system
via website

e  Graphic data display for patient and care team

e Recommendations to PCP based on algorithms

e Telephone contact

Cc:ucC

e SMBG every 2 weeks to provider via fax or cell

o I

e Cell phone software with real time feedback on SMBG

e Treatment based on algorithms

e Computer requests additional data from patients for
management

e Computer generated log books with suggested treatment
plans to providers

e Electronic log book sent to providers every 4 weeks with
analysis trends and patient’s behavior assessed by statistical
models and diabetes team

e Virtual coach for patients and virtual endocrinologist for provider

C:ucC

I: 3 groups

e Diabetes educator virtual case managers

e Mobile phone to enter glucose, carbohydrate, medications,
etc

e Automated real time feedback: educational, behavioral, and
motivational messaging specific to entered data

e Virtual coaching

e Secure patient web portal for messages, PHR, library,
logbook review

e Provider web access different based on group

Group 2:

e No PCP web access to patient data

e Patient must forward electronic log book data to PCP

e Log book data are not analyzed

Group 3:

e PCP training on portal they can access from Personal
computer at office

e Access to raw data in logbook format

e No reminders or prompts to review data

Group 4:

e PCP training on portal they can access from personal
computer at office

e Fax or email to review an analyzed report of all patient
entered data

e Summary of glycemic control and medication adherence,
self-management skills and health maintenance

e Automated support based on algorithms and Computer
decision support system tailored to data

e Education to patient

o Computer/system driven guidance on when to test BG based
on disease status, medications, time of poorest control

o Creates a patient specific multipoint profile for data analysis
and future self-management coaching

c:uc

I:

e Mobile phone to patient and PCP

e Real time SMBG via mobile phone

e Feedback sent to a call center based on alerts and
protocols

e Web access to patient data by PCP

e Software recorded frequency of SMBG and results

e Patient had access to RN specialist at call center

Primary: e AICAL-1.6%C:-1.2%

AlIC o IE:-0.4%

Secondary: e P <.05at |12 months

BP e High website users had greater ¥

Al C compared with intermittent
users: (1.9% vs 1.2%; P = .051)

e  Frequent data uploads associated
with greater  AIC (highest tertile
2.1% vs lowest tertile.0%; P = .02)

e Systolic BP A I: -10; C: =7 mmHg

e P<.0I
Primary: e AICAI-2.03%; C:-0.68%
AlC o |E:-1.38%
Secondary: e P <.02at 3 months
SDSCA e T medication change or dose
PCP prescribing change by PCP
practice I: 84%; C: 23%; p = .002
e PCPs received patient logbook
more
o 11 100%; C:7.7%
e P<.00I
e |: 91% patient satisfaction
e |: PCP satisfaction
Primary: o AICAI:-1.9%; C:-0.7%
AlIC . IE:-12%
Secondary: . P <.00I at 12 months
DDSI17 e Significant 4 in AIC with stratified
DStoC baseline AIC > 9.0%
Health care . IE: —1.3%, P = .01
utilization
PHQ9
Satisfaction
Self-efficacy
Symptoms
Hypo
Primary: e AICNS
AlC o AIC>8% 35%t0 22.5%
Secondary: P <.00l
BP e Users adherent to protocol greater
BMI 4 AIC at 12 months, P =.033
Lipids

(continued)
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Table I. (continued)

Author, year

Sample, insulin use,
country, time frame

Intervention (I) and control (C) groups

Outcome measures

Results (only significant differences
between intervention and control are
reported)

Shea et al,
2006, 2009

Stone et al,
2010

Tang et al,
2013

Woakefield et al,
2011

n = 1665
Insulin:
1:25.3%
USA
12m

5 years

n=150
Insulin 50%
USA
Veterans
6m

n=4lI5

Insulin not reported
USA

12m

N = 302

Insulin not reported
USA

Veterans

12m

c.uc
I: 2 groups of patients (rural and inner city)

e e N o o

C:

RN care managers trained in diabetes

Home telemonitoring unit

Transmit SMBG and BP to RN care manager
Access educational materials

Synchronous videoconference

Web access

Secure messaging, portal to access data by patient and
provider

Empower and influence health behavior change
Feedback by videoconference every 2 weeks by RN
Phone at 3 month intervals for follow-up data

uc

Monthly phone calls for care coordination

I:

Home telemonitoring unit for SMBG upload

Active medication management by nurse practitioner based
on guidelines

SMBG, BP, and weight remote transmission

ADA SMBG targets

: UC

Phone RN care management

I:

Wireless upload SMBG

Graphic feedback

Patient summary reports

Nutrition and exercise log

Insulin record

Online secure messaging with team

RN care management with behavior advice and medication
management

Personalized text and video educational “nuggets”

ucC

I: 2 groups
Low-I:

RN care management, home telemonitoring unit for SMBG
and BP upload

RN responded to patient via phone, letter or home
telemonitoring unit

SMBG per PCP

Subset of DSME and questions via HTU

“Have you taken medication?” and | additional question

High-I:

RN care management, HTU for SMBG and BP upload
RN responded to patient via phone, letter or HTU
SMBG per PCP (no changes suggested)

DSME and daily questions

Branching algorithm based on ADA and Veterans
Administration

DSME and questions via telehealth

Primary:
AlIC
Secondary:
QOL
Self-efficacy
PHQ9
Symptoms
DDSI17
Health care
utilization
Satisfaction

Primary:
AlC
Secondary:
BP

Lipids

Primary:

AlIC

Secondary:

BP

Health care
utilization

LDL

Framingham risk

Satisfaction well-
being

DKT

PAID

DTSQ

CAHPS

Primary:

AlC

BP

Secondary:

Adherence

AICA1:-0.38%; C: -0.25%

. IE: —0.18%

. P =.006 at 12 months
When baseline AIC > 7%,

. |E: —0.32%, P = .002
Significant  :

. Systolic BP, P = .003

. Diastolic BP, P < .001

. Total cholesterol, P < .001

. LDL, P <.001
Patients satisfied with intervention
5 year outcomes:
AIC Al:-0.34%; C: -0.07%

. IE: -0.29%
. P=.00l
Significant  :

. Systolic BP, P = .024

. Diastolic BP, P < .001

. LDL, P <.001
AICA1:-1.2% C:-0.3%

e IE-0.7%

e P<.00l at 6 months

AICA1:-1.32%; C: -0.66%

o |E:—0.66%

e P<.00l at 6 months

No IE at 12 months

At 12 months:

e 11 AICby>-0.5%,P=.006

o 7 frequently and upload of SMBG
data associated with 4 AIC

e lLDL P=.00I

o T online messages to RN, P <
.001

AIC A High-l: -0.44; Low-I: —0.40;
C:-0.07
. High-I IE: —0.37, P = .02 at 6
months
. Low-I IE: -0.33,P = .03 at 6
months
No IE at 12 months
BP { in High-I group vs C P = .00

Abbreviations: ADA, American Diabetes Association; AlC, hemoglobin AIC; BG, blood glucose; BMI, body mass index; BP, blood pressure; C, control ; CAHPS, computer
assessment of health care providers and systems; DDS17, Diabetes Distress Scale—17; DKT, Diabetes Knowledge Test; DSME, diabetes self-management education; DTSQ,
Diabetes Treatment Satisfaction Questionnaire ; FBG, fasting blood glucose; |, intervention; IE, intervention effect; NS, not significant; PAID, problem areas in diabetes; PCP,
primary care provider; PHQ9, Patient Health Questionnaire—9; PHR, personal health record; PPG, postprandial glucose; QOL, quality of life; RCT, randomized clinical trial; RD,
registered dietitian; RN, registered nurse; SDSCA, summary of diabetes self-care activities; SMBG, self-monitoring of blood glucose; UC, usual care; WC, waist circumference.
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Table 2. Incorporation of Key Elements of Structured Self-Monitoring of Blood Glucose (SMBG) and Change in AIC Between
Intervention and Control Groups.

Intervention Effect (IE),
Significance of Difference

Baseline AIC in Al1C Between Groups
Author, Year Elements of Structured SMBG Incorporated'®'"* % (X
Faridi et al, 2008 [ 2 3 4 5 6 7 I: 6.4 No IE
X C: 6.5
Bujnowska-Fedak et al, 201 | | 2 3 4 5 6 7 1:7.63 No IE
X X C: 7.6l
Lim et al, 2011 1 2 3 4 5 6 7 U:7.86 No IE
X X X 1: 7.96
C:7.96
Rodriguez-ldigoras et al, 2009 | 2 3 4 5 6 7 1:7.62 No IE
X X X C:7.44
Wakefield et al, 201 | I 2 3 4 5 6 7 High I: 7.1 IE: —0.37 High-I
X X X Low I: 7.2 IE: —0.33 Low-I
C:72 No IE at 12 months
Carter etal, 2011 | 2 3 4 5 6 7 1:9.0 IE: —1.28%
X X X X C:88
Cho et al, 2009 1 2 3 4 5 6 7 1: 8.3 No IE
X X X X C:76
Del Prato et al, 2012 [ 2 3 4 5 6 7 I: 8.83 No IE
X X X X C: 889
Kim et al, 2006 1 2 3 4 5 6 7 I: 8.09 IE: —1.22%
X X X X C:7.59
McMahon et al, 2005 | 2 3 4 5 6 7 I: 10.0 IE: —0.4%
X X X X C:99
Stone et al, 2010 | 2 3 4 5 6 7 I:9.6 IE: -0.7%
X X X X X C:94
Tang et al, 2013 | 2 3 4 5 6 7 1: 9.24% IE: —0.66% at 6 months
X X X X X C:9.28% No IE at 12 months
Shea et al, 2006, 2009 | 2 3 4 5 6 7 1:7.36 IE: -0.18%" at 12 months
X X X X X X C:7.40 IE: —0.29%" at 5 years
Quinn et al, 2008 1 2 3 4 5 6 7 1:9.51 IE: —1.38%
X X X X X X C:9.05
Quinn et al, 201 | | 2 3 4 5 6 7 1: 9.9% IE:-1.2%
X X X X X X C:9.2%

Abbreviations: C, control group; |, intervention group; |IE = intervention effect—difference between intervention and control over time; m, months; A,
change.

*Elements of structured SMBG: (1) educational intervention described for person with diabetes; (2) educational intervention described for health care
providers; (3) use of specific structured SMBG profiles identified and individualized; (4) SMBG goals identified for pre- and postmeal; (5) SMBG data
used to modify behavior or treatment; (6) evidence of feedback to the patient including documentation of communication methods; (7) evidence of an
interactive, 2-way communication or shared decision strategies between patient and provider.

® Adjusted difference as reported by authors.

Boldface type is used in the table to highlight the elements of structured SMBG.

feedback as the main intervention, generated from computer ~ A1C decrease incorporated 6 of the 7 elements and enrolled

algorithms, without provider input.*’* individuals with A1C greater than 7.5% at baseline.*"** In
the study implementing the computer decision support algo-
Elements of Structured SMBG rithm, although a specific SMBG proﬁle.: was not 1.1t1.hzed,
patterns were analyzed, and prompts provided to participants
Table 2 summarizes elements of structured SMBG incorpo- for additional SMBG data based on existing patterns. Two

rated in each study, mean baseline A1C and IE. On average, studies™*® incorporated 5 of the 7 elements and achieved

4 of the 7 elements of structured SMBG were included in significant decrease in A1C by implementing active medica-
telehealth RPM interventions. Studies that incorporated at  tion management utilizing protocols. Of the 6 studies which
least 5 of the 7 elements achieved significant decreases in ~ used 4 of the 7 elements, only 4 achieved a significant per-
AIC between intervention groups, possibly indicting that  centage decrease in A1C.?*%** These studies emphasized
more key SMBG elements are associated with greater A1C feedback and interactive communication. One study incor-
changes in an intervention.”*****? Studies with a greater ~ porating 4 of the 7 elements achieved significant
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A1C reduction at 6 months but not 12 months.*® To further
synthesize these data, the 7 categories were grouped into 3
sections: education, SMBG profiles, and feedback.

Education

Education for both participants and providers is necessary in
interventions evaluating SMBG data, and 11 studies
described an initial education intervention for the study par-
ticipants,”>*?333363%4 Equcation ranged from a half-day
educational program based on the American Diabetes
Association (ADA) guidelines* to ongoing access to online
educational content through an Internet portal,>***** per-
sonal health records,* text messaging,***** or a home tele-
health system.’****'** Some studies only referenced
education to implement the telehealth RPM intervention
technology.”**"***" While many studies stated the health
care intervention team consisted of specialized staff with
experience in diabetes management,’>3%40834447 o1y 3
studies specifically described an educational intervention
addressing SMBG for health care providers.”*4!+*

SMBG Profiles

Structured SMBG profiles were minimal in these studies.
The Evaluation of Lantus Effect on Optimization of Use of
Single Dose Rapid Insulin (ELEONOR) study protocol, tar-
geting insulin titration, implemented a 6-point profile (before
and 2 hours after meals) and focused on achieving specific
SMBG goals.”” One study advised participants to measure
their blood glucose level at least 8 times a week® while 4
studies gave recommendations on frequency per day but did
not specify a pattern to follow (eg, before and after specific
meals).”*>* Frequency of SMBG was either based on pri-
mary care provider (PCP) order, not changed for the study,*
or stated as individualized for the participants.*"**** The
most complex system analyzed data, including medications
and time of poor SMBG control, to generate a patient spe-
cific multipoint profile to enhance data analysis and self-
management support.42

Goals for SMBG target ranges were not clearly defined in
most studies. Only | study titrating insulin doses defined
specific fasting and postprandial glucose goals.”” In some
studies SMBG goals were individualized for the partici-
and followed standard guidelines from the
ADA** or both ADA and Veterans Administration.”**
Some studies did not specify SMBG goals but focused on
A1C outcomes, to achieve an A1C of less than 7%*** or less
than 6.5%*"* or simply suggested that SMBG values be in
the “normal range.”®

Feedback

All studies incorporated feedback between patients and pro-
viders or the telehealth RPM system. Feedback methods

23,24,36,39,47 23,2433

included telephone calls, videoconferencing,
cellular phones using short message service (SMS) or text
messaging,****"7*%* or secure messages via a patient por-
tal?2+3338404 or through the telehealth system.’®*4!#
Almost all studies indicated that SMBG data were used to
provide feedback, modify behavior, or change treatment,
however the depth and detail varied. Five studies specifically
described interventions focused on adjusting medications
and behavior change by the telehealth provider based on
SMBG data.’”*** Two studies described active medication
management in response to daily SMBG data transmitted
through telehealth® or patient portal.* The most descriptive
use of SMBG data for behavior change was presented by
Kim et al,”® where the RN adjusted medication and encour-
aged behavior change based on SMBG via SMS message.
Although 7 studies described complex systems to analyze
data,******% outcomes varied. Significant change in A1C
between groups was associated with feedback that was indi-
vidualized to the participant, whether through automated
algorithms or by skilled health care providers, and when the
participant’s individual preferences were incorporated.

Some studies describe feedback provided to the patient’s
PCP through Internet,”>******® while others provided feed-
back to both patients and providers implementing multiple
methods of contact including social media (eg, online com-
munities for communication between members) with peer
support. >’ One study described the practice of shared
decision making between the patients and RN,*® wherein the
provider transmitted plans via an Internet portal so the RN
and patient could then review and use data to guide behavior,
exchange coping strategies, pose questions, and share pre-
ferred educational resources for adopting a healthy lifestyle.

Many studies describe a method for communication
between patients and the health care team.*>***3>3¢3%
42444647 Ten studies describe an interactive communication
process that may include problem solving and shared
decision-making strategies involving both patients and
providers, 22433:35.3638-42.4447

Baseline A1C is an important consideration in telehealth
research. In this review 3 RTCs had baseline A1C less than
7.5% in all groups. Of those studies 1 did not have an IE**
and 2 did, but the effect was small in 1 study,”** and signifi-
cant only at 6 months in the second study.’® Of the 8 RCTs
with an A1C > 8%, 7 had an IE**>72%4!#2% with 1 study hav-
ing significant results at 6 months but not 12 months.*
Studies with at least 4 of the 7 key elements of structured
SMBG and an A1C > 8 showed an A1C decrease of 0.7% or
greater.

Discussion

We believe this is the first review to evaluate the elements of
structured SMBG incorporated in telehealth RPM interven-
tions. Recent research in structured SMBG empbhasizes that
implementing purposeful SMBG profiles results in improved
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A1C." Interestingly, the only telehealth study that incorpo-
rated a structured SMBG profile did not achieve a significant
difference in A1C between groups. While both groups imple-
mented structured SMBG profiles, only 1 group utilized tele-
health RPM. The researchers suggest these outcomes may be
because their system did not allow for real time communica-
tion from the provider to the patient. They also suggest that
their prandial dose adjustment algorithm was developed at a
basic level that participants were able to use on their own
with their SMBG profile values. The authors of this review
agree with these statements and hypothesize the outcomes
may indicate that the structured SMBG profile combined
with educational tools not the telehealth RPM intervention,
improved A1C.”’

Baseline A1C is an important consideration in planning
telehealth RCTs. When study participants mean A1C is at or
close to goal, it is not unrealistic to see a small IE. In this
review, most studies had baseline A1Cs > 8%; however, clin-
ically significant results were achieved only when there were
also at least 4 of the 7 key elements of structured SMBG
which resulted in an A1C decrease of > 0.7%.

Telehealth RPM RCTs have shown mixed results. Based on
this systematic review, full deployment of all 7 key elements
of structured SMBG was not achieved in any of the reviewed
studies. Increased benefit was identified in studies that incor-
porated more features of the 7 key elements with significant
A1C improvement between groups. Future research may ben-
efit from incorporating and describing all key elements in the
research methodology. In addition, comparing key elements of
telehealth with key elements of structured SMBG will provide
further information for research design.

Implications of Research

The systematic review informs intervention design for future
studies. To continue to address the controversy surrounding
the use of SMBG in persons with type 2 diabetes not using
insulin, incorporating structured SMBG with feedback and
behavior change is extremely important in future telehealth
research. Future studies also should recruit individuals with
baseline A1C > 7.5% and account for differences in baseline
A1C in the conclusions. In addition, the studies in this review
included minimal description of how feedback from SMBG
was used to facilitate behavior change. More telehealth RPM
research in persons with type 2 not using insulin is required
to evaluate clinical outcomes in this population. In addition,
it would be useful for future studies to target primary clinical
outcomes other than A1C, especially in the older adult popu-
lation where individualized A1C may be less important than,
for example, hypertension and depression. Patient-centered
outcomes, including quality of life, are important and may
increase patient engagement in SMBG. Studies in type 2 dia-
betes should also include an evaluation of hypoglycemic
events. Only 2 studies in this review report hypoglycemic
events, not sufficient to draw conclusions in this review. In

addition outcomes that evaluate the potential cost savings of
telehealth, reduction in hospital admissions, and costs of
medication are among several essential factors to evaluate to
support the case for telehealth care systems. Future research
would benefit from addressing the approach described by
Ceriello and colleagues that focus on individualized care that
incorporates a feedback loop with both structured SMBG
data and processes within an e-health model.”!

Limitations of Review and Research

A strength of our study was to identify and synthesize struc-
tured SMBG elements into major categories. The key ele-
ments were collated from multiple documents published by
expert consensus and modified into categories defined by the
authors. Classification was dependent on descriptions pro-
vided in the methodological sections. Other individuals may
identify, interpret, and synthesize content differently and
result in different conclusions. This systematic review incor-
porated limited search terms and may have missed relevant
studies. This review included studies of individuals with type
2 diabetes using insulin. However, use of SMBG for titration
of insulin adjustment is different than use of SMBG for
behavior change. Guidelines for SMBG in type 2 diabetes
stress the importance of using SMBG data to change treat-
ment and behavior. Studies that address individuals who do
not use insulin provide an opportunity to target the analysis
on behavior change in response to SMBG data. Limiting
telehealth RPM studies to persons with type 2 not using insu-
lin may also provide a better opportunity to examine the use
and impact of feedback to change behavior. Ideally these
populations need to be evaluated separately; however, there
were insufficient studies to evaluate in a review at this time.
Future telehealth RPM research focused on non—insulin
users can provide important knowledge for the science and
clinical practice of diabetes management.

Conclusion

Telehealth RPM clinical trials implementing SMBG should
incorporate key elements of structured SMBG to consistently
achieve a clinically significant decrease in A1C. To promote
generalizability and subsequent meta-analyses, these ele-
ments should be carefully documented in published studies.
Education must be provided to both patients and health care
providers, specifically surrounding SMBG profiles and the
importance of engaging in a complete feedback loop includ-
ing shared decision making. Although education regarding
use of technology is important, it is not sufficient to engage
participants in effective SMBG. Clear SMBG goals could be
specified for both before meal and postmeal values so par-
ticipants can understand the relationship between behavior
change and SMBG values and to identify potential actions
and treatment choices that affect SMBG and eventually
A1C.** In addition, clear SMBG goals could encourage
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providers to base medication changes on glucose values and
excursions not simply the A1C value (which is a blood glu-
cose average). Finally, a shared decision-making process is
essential for persons with diabetes to be fully engaged with
treatment decisions and to ensure successful clinical out-
comes. Providing SMBG feedback in formats that both
health care providers and people with diabetes can read in a
graphical presentation that synthesizes data will be important
as more data are generated by telehealth RPM technology.

This review also identified that many telehealth RPM
interventions were implemented by RNs, NPs, CDEs, or
RN board certified in advanced diabetes management (RN,
BC-ADMs). These individuals specialize in assisting per-
sons with diabetes with self-management, behavior change,
and understanding of diabetes medication titration and are
skilled at SMBG pattern management. CDEs and RN/NP,
BC-ADMs incorporate structured SMBG principals in self-
management education for persons with diabetes and can
also be resources to clinicians and researchers to ensure that
all key elements of structured SMBG are incorporated into
RCT. Incorporating teams of clinicians, working at their full
capacity,”’ will help to manage the rapidly increasing diabe-
tes population. When NPs have the ability to adjust treat-
ments independently or RNs adjust treatments using
predetermined titration protocols, outcomes are improved.”'

Telehealth RPM interventions that incorporate more key
elements of structured SMBG appear to have the greatest
impact on A1C. It is critical to incorporate purposeful SMBG
profiles that allow the individual to change behavior or the
PCP to modify treatment. Engaging persons with diabetes in
self-management requires education, an understanding of
SMBG profiles and goals, and the opportunity for interactive
feedback as they engage in behavior change.
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