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INTRODUCTION

ABSTRACT

The present narrative review discusses the role of continuous glucose monitoring (CGM)
in glycemic and weight control, and lifestyle behavior adherence in adults with type 2 dia-
betes. A literature search from January 2001 to November 2017 was carried out (MEDLINE,
CINAHL, Web of Science and Scopus). Eligible studies were trials evaluating the use of
CGM with the aim of achieving glucose control or lifestyle-related treatment adherence
over a period of >8 weeks in adults with type 2 diabetes compared with usual care or
another comparison intervention, or observational trials reporting CGM user experience. A
total of 5542 participants were recruited into 11 studies (eight randomized controlled trials
[n = 5.346] and three observational studies [n = 196]). The sample size ranged 6-4,678
participants, the mean age was 51.7-60.0 years and diabetes duration was 2.1-19.2 years,
with high heterogeneity between studies. Overall, the available evidence showed, com-
pared with traditional self-monitoring of blood glucose levels, CGM promoted greater
reductions in glycated hemoglobin, bodyweight and caloric intake; higher adherence rat-
ing to a personal eating plan; and increases in physical activity. High compliance to CGM
wear-time and device calibration was reported (>90%). The addition of lifestyle and/or
behavioral counseling to CGM appeared to further potentiate these improvements. Prelim-
inary evidence suggests that CGM use promotes glycemic and weight control, and life-
style behavior adherence in adults with type 2 diabetes. These benefits might be further
enhanced with integration of diet, exercise, and glucose excursion education and counsel-
ing. However, specific attributes of effective interventions and the application of CGM
information for promoting improved outcomes and healthier choices remain unclear.

cornerstones of type 2 diabetes management, alone these are

Approximately 422 million adults worldwide have diabetes,
with ~90% of cases having type 2 diabetes'. With a dispropor-
tionately greater increase in type 2 diabetes in the Asian region,
the burden of type 2 diabetes is fast being realized, with <25%
reaching good glycemic control”®. Hence, effective evidenced-
based strategies are urgently required. Poor blood glucose con-
trol underpins diabetes-related vascular complications, and its
increased risk of cardiovascular disease and premature
death™*”. Although diet and lifestyle interventions remain the
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often insufficient to achieve sustained glycemic control and
adjunctive therapies are required for effective management.>’
Furthermore, current approaches to implementing lifestyle
strategies are often laborious, costly and resource intensive,
requiring close health professional supervision to provide feed-
back to blood glucose response changes. This creates challenges
for long-term adherence to lifestyle strategies®'®'', and the
need for alternative effective and acceptable treatment strategies
for sustained therapy.

Self-monitoring of blood glucose levels (SMBGL) is widely
accepted as being beneficial for long-term glycemic control in
type 2 diabetes, both with or without insulin therapy'”.
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However, limitations and poor adherence to regular SMBGL
exist due to inconvenience, costs of disposables, and erroneous
and reduced measurement frequency resulting in suboptimal
glycemic control™'*, Alternatively, continuous glucose monitor-
ing systems (CGM) have emerged that utilize sensor technology
inserted subcutaneously to measure interstitial glucose levels
across the day that could enhance behavior change adherence
and glycemic control. CGM enables an individual to observe
blood glucose levels, and understand interactions and impact
between diet, physical activity and medication choices with
greater qualitative and quantitative feedback, providing health
practitioners with a unique education tool'>'°. In 2013, a meta-
analysis including four randomized control trials (RCTs) of 116
individuals with type 2 diabetes, reported CGM improves gly-
cated hemoglobin (HbAlc) in type 2 diabetes over 8-
12 weeks'®. However, this meta-analysis limited reporting to
HbAlc outcomes, and did not assess lifestyle or behavioral
change adherence, which are critical for effective diabetes man-
agement™”. The authors also identified only two of the four
RCTs were high quality'®. More recently, less intrusive device
technology and real-time CGM (RT-CGM) technologies have
emerged that offer greater potential for combining CGM with
lifestyle strategies to enhance type 2 diabetes management.
CGM use and sensor wear time have been associated with
treatment adherence and improved glycemic control'®. The aim
of the present article was to provide a narrative review of trials
(identified using a systematic search strategy) investigating the
effectiveness of CGM interventions to improve HbAlc, body-
weight status and lifestyle behavior adherence in adults with
type 2 diabetes. Where possible, a further aim was to under-
stand CGM user acceptance and potential implications for pri-
mary care use. A systematic approach with a narrative analysis
was used due to insufficient availability of high-quality pub-
lished studies and data reporting on the outcomes of interest in
the target population to carry out a meta-analysis.

METHODS

Search strategy

Conduct and reporting of the present review was based on
guidelines outlined by the Joanna Briggs Institute peer reviewed
protocol for scoping reviews'. To identify appropriate key
words, an initial limited search of MEDLINE and Cumulative
Index to Nursing and Allied Health Literature (CINAHL) was
carried out, and the title, abstract and index terms to describe
the articles were accepted. Search terms were continuous glu-
cose monitoring OR CGM?¥*, diabetes NOT type 1 diabetes
AND obese*/overweight AND lifestyle OR blood glucose con-
trol/management OR glycemic control AND/OR physical activ-
ity AND/OR nutr* diet*, effectiveness and self-monitoring OR
acceptability.

Key terms were used in the second search phase using MED-
LINE, CINAHL, Web of Science and SCOPUS electronic data-
bases to include published and unpublished articles, and limited
to adults (aged >18 years) and English language publications.

http://onlinelibrary.wiley.com/journal/jdi

Publication dates were January 2001 (coinciding with Food and
Drug Administration approval for commercial CGM use) to
November 2017 to capture studies utilizing CGM technology to
reflect modern day practice®>*'. Reference lists of retrieved arti-
cles and relevant systematic reviews were hand-searched for
other relevant studies'®' >, The present study represents a
scoping review underpinned by a systematic process'”.

Study selection criteria

Duplications were removed using Endnote (EndNote, Version
X7.7; Clarivate Analytics, Boston, Massachusetts, USA). Title
and abstracts were manually screened for relevant articles based
on selection criteria by the primary reviewer (PT). Full text of
potential articles was retrieved for further assessment. Studies
were selected if: (i) they were RCTs with a reported interven-
tion utilizing CGM with the aim of achieving glycemic control
and/or intervention adherence, or observational studies report-
ing on CGM wuser experience; (ii) they were carried out in
adults (aged >18 years) with clinically diagnosed type 2 dia-
betes; (iii) they were RCT's that included diet and exercise inter-
ventions as one of the intervention groups targeting glycemic
control; or (iv) they consisted of a usual care or control group.
Studies were excluded if: (i) participants had type 1 diabetes,
gestational diabetes or were aged <18 years; (ii) intervention or
control was pharmacological/surgical; (iii) participants with pre-
diabetes or type 1 and 2 diabetes were examined, but data for
type 2 diabetes could not be separately extracted; or (iv) partici-
pants were critically ill or had post-surgical interventions.
Retrieved studies were independently assessed for relevance by
all authors and discussed for final selection.

Data extraction

Data required for analysis were extracted from included articles
into data extraction tables. Data relating to study methodology/
design, CGM protocols, intervention outcomes including CGM
wear-time and use, sample size, attrition rates, age, sex, and
outcomes associated with glycemic control were captured. One
reviewer (PT) extracted the data from all included articles,
while secondary reviewers (CT and GB) independently cross-
checked data extraction reliability. Inconsistencies were resolved
through discussion and consensus. Meta-analysis was not car-
ried out due to high heterogeneity of interventions and out-
comes. A narrative analysis summarizing the results was used.

RESULTS

Search outcomes

A total of 277 articles were identified. After removal of duplica-
tions, and excluding articles based on title and abstracts, 12
articles, reporting 11 separate studies (one article reporting
long-term follow up** of a previously reported short-term inter-
vention”) met the inclusion criteria. Nine articles (eight stud-
ies) were RCTs** % and three were observational trials®>>>.
Included studies were rated as being of acceptable quality'.
The article selection process summary, and the study protocols
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Figure 1 | Article selection process. CGM, continuous glucose
monitoring; T1, type 1; T2, type 2.

and intervention specifications are presented in Figure 1 and
Table 1, respectively.

Participants

A total of 5,542 participants were recruited into eight RCTs
(n = 5,342) and three observational trials (n = 196), with 60%
men®>*, and ~9% (n = 487) receiving multiple daily insulin
injections®*”. Nine studies assessed baseline body mass index
(BMI)** 2330223 yith the majority of participants classified as
overweight or obese (BMI >25 kg/m% n = 5432). The RCT
sample size ranged between 29 and 4,678 participants, with a
mean age range of 52-60 years and diabetes duration of 6.2—
19.2 yearsz‘Hms; one RCT (n=40) did not report diabetes
duration””. The observational trials examined 6 to 181 partici-
pants with a mean age range of 54-57 years and diabetes dura-
tion of 2.1-14.6 years™ *°. Of the 11 studies, a total of 159 of
5,542 participants (~3%) were reported as dropouts; one trial
(n = 6) did not report attrition rates™.
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All studies, except Cox et al.”, reported participant recruit-
ment strategies including military healthcare beneficiaries
(n = 100)***, public endocrinology clinic and/or cardiac unit
(n = 5,100)%°°32, community health services (n = 271)*343%
and general hospitals (n = 65)7. Studies were carried out in
the USA*»?>?%2%333% " Canada®, India®“*®, Europe®, South
Korea?, and across multiple sites throughout the USA and
Canada™.

Study aims and Intervention description

The aims of the studies were to determine whether CGM use
elicits changes in glycemic control** 272073335,
weight***>?72*32%% and physical activi to investigate CGM
in relation to self-efficacy and self-monitoring behavior®****,
and acceptability, satisfaction and tolerance to CGM wear and
use’>****> Across the studies, different intervention protocols
were used and five distinct research themes identified (Table 1).
These research themes included: (i) four RCTs determining the
effects of RT-CGM (user can view visual feedback of blood glu-
cose responses instantaneously) compared with SMBGL (con-
trol)**#%% (i) one RCT determining the effects of using
retrospective CGM data with diabetes education combined with
self-efficacy counseling compared with diabetes education with
SMBGL (control)®®; (iii) three RCTs determining the effects of
retrospective CGM with problem-solving counseling compared
with retrospective CGM with standard diabetes education (con-
trol)®?1% (iv) two observational studies describing the effect
of retrospective CGM data (requiring researchers/health profes-
sionals to download ‘blinded” CGM data into a graphical for-
mat to share with participants for counseling purposes)***,
with one including accelerometer data®*; and (v) one observa-
tional study describing the effects of RT-CGM combined with
a lifestyle program to improve patient outcomes™. Intervention
durations for observational studies were 3 days™* and

12 weeks™?°, and for RCTs the range was 8-52 weeks™* 7,

8,29

Effectiveness of CGM interventions on outcomes
HbA1c changes
All RCTs reported HbAlc changes (Table 2)?43%, Of the four
studies comparing RT-CGM with conventional SMBGL com-
bined with standard diabetes education over 26 weeks
(n = 363) where 43% (n = 158) were on multiple daily insulin
injections, three studies reported RT-CGM achieved significant
greater HbAlc reductions by a magnitude of 1% (abso-
lute)*>*”°. A 40-week follow up from one of these studies
assessing the residual effects without wearing RT-CGM showed
the greater HbAlc lowering with RT-CGM use was maintained
compared with SMBGL control after 52 weeks (0.8 vs 0.2%;
P < 0.001)**”. RT-CGM compared with an internet-based
SMBGL protocol after 26 weeks showed no difference between
treatments (—0.9 vs —1.07%; P = 0.312)°.

Greater HbAlc reduction was observed after 8 weeks of ret-
rospective. CGM with self-efficacy counseling compared with
SMBGL with standard education (—1.16 vs 0.32%, P < 0.05)%.
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Table 1 | Protocol summary of continuous glucose monitoring intervention studies in adults with type 2 diabetes

Author, year, reference Study population Mean age (years) Duration of type Study Intervention
2 diabetes (years) duration
(weeks)
Observational studies
Allen et al. (2009 Nine adults community health clinic 570 + 15 (SD) 86+ 6 (SD) 3 days Phase 1: Retrospective
(USA) CGM + education
Phase 2: Focus group
interview
Cox et al. (2016)* Six adults (Canada) 553 (mean) 2.1 years (mean) 12 RT-CGM + lifestyle program
Mohan et al. (2016)* 181 Adults 11 541 % 10 (SD) 146 + 81 (SD) 12 Retrospective CGM + educatior
Health clinics (India) and profession support
RCT — RT-CGM vs SMBGL
Beck et al (2017)®° 158 Adults receiving multi-dose  SMBGL 60 £ 9 (SD) SMBGL 18 (range 12-23) 24 RT-CGM + health usual care’
insulin RT-CGM 60 £ 11 (SD) RT-CGM 17 (range 11-23)
25 Endocrine clinics.  (USA  and
Canada)
Ehrhardt et al (2011)” & Vigersky 100 Adults  military healthcare  SMBGL 60 % 119 (SD) NR 12 RT-CGM + usual care
et al (2012* beneficiaries (USA) RT-CGM 555 £ 96 (SD) NR 52 40-week follow up with
SMBGL 60 £ 119 (SD) SMBGL
RT-CGM 555 £ 96 (SD)
Tang et al. 2014)° 40 Adults RT-CGM 5913 # 870 (SD) RT-CGM 192 + 74 (SD) 2 RT-CGM + BGL + fortnightly
Endocrinology clinic (Canada) IBGM 6065 + 10.19 (SD) IBGM 17.24 + 596 (SD) health professional feedback
Yoo et al. (2008 65 adults RT-CGM 546 + 68 (SD) RT-CGM 11.7 + 58 (SD) 12 RT-CGM + usual care”
Hospital based Korea (Seoul) SMBGL 57.5 + 9 (SD) SMBGL 133 £ 49 (SD)
RCT — Retrospective CGMS feedback vs control
Allen et al. (2008 52 adults Intervention 57.0 = 1247 (SD) Intervention 83 £ 631 (SD) 8 Retrospective CGM + usual
Community health Service (USA) Control 57.0 £ 1456 (SD) Control 85 + 6.23 (SD) care’ + selfefficacy
counseling
Anjana et al. 2017)"' 4,678 Adults (61% Male) Intervention 57.3 + 12.1 (SD) Intervention 15.7 + 85 (SD) 12 Retrospective flash-CGM +
Seven public health diabetes clinics  Control 57.1 £ 12/2 (SD) Control 136 + 81 (SD) visual charts used by cliniciar
(India) to adjust diabetes medicatior
Haak et al. (2017)* 224 Adults Intervention 590 + 99 (SD) Intervention 17 £ 8 (SD) 24 Retrospective flash-CGM +

140 Intervention

75 Control receiving multi-dose
insulin

26 public diabetes clinics
(European)

RCT — CGM with counseling vs CGM without counseling
Allen et al. (2011)%° 29 Women
Community health service (USA)

Control 595 + 99 (SD) Control 18 £ 8 (SD) clinician to adjust insulin

Retrospective CGM + problem-  Retrospective CGM + problem- 12
solving counseling 52.2 £ 65 (SD) solving counseling 6.7 £ 60
Retrospective CGM + usual care’  (SD)
51.7 £ 80 (SD) Retrospective  CGM + diabetes
education 6.7 + 46 (SD)

Retrospective CGM +
problem-solving counseling

fUsual care consisting of diabetes education/physical activity is defined as per the diabetes management guidelines of the country where the
study was carried out. *Unable to separate type 1 diabetes data from type 2 diabetes data for this outcomne. CGM, continuous glucose monitoring;
IBGM, internet blood glucose monitoring; NA, not applicable; NR, not reported; RCT, randomized control trial; RT-CGM, real-time continuous glucose
monitoring; SD, standard deviation; SMBGL, Self-Monitoring Blood Glucose Levels.

Two studies compared retrospective CGM using flash CGM
with visual charts and counseling to SMBGL*. Greater
HbAlc reductions were observed following CGM after
12 weeks (0.9 vs —0.7%, P < 0.001) in 4,678 individuals®,
but not after 24 weeks (-0.28 vs —0.21%, P = 0.822) of 224
individuals taking multiple daily insulin injections™. After
12 weeks, HbAlc reduction with retrospective CGM was simi-
lar when combined with either problem-solving counseling or

standard diabetes education (no counseling; —0.7 vs —0.5;
P =0.69)%.

A 12-week lifestyle program combined with RT-CGM pro-
duced an average 1.1% HbAlc reduction in six participants®.
The authors compared these data with findings from a separate,
independent 12-week intervention (n = 47) that used the same
lifestyle program with SMBGL and reported similar HbAlc

reductions (1%)>>**. However, population size heterogeneity
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12 weeks of
intermittent CGM

SMBGL + usual care DexCom™ Seven©

40-week follow up with

SMBGL followed by SMBGL
only 40 weeks
IBGM + BGL + fortnightly ~ Guardian RT-CGM  Medtronic ~ Unclear
health professional  Minimed
feedback

SMBGL + usual care’ Guardian RT-CGM  Medtronic 3 days per month for

Minimed study duration
Usual care’ Medtronic Minimed. 3 days continuous at
baseline and post
Usual care’ Abbotts  FreeStyle  LibrePro™  14-day continuous
Flash Glucose Monitoring wear time
SMBGL + usual care Abbotts  FreeStyle  LibrePro™  14-day continuous
Flash Glucose Monitoring wear time

Retrospective CGM + usual  NR
care’

3 days continuous at
baseline and post-
intervention

Control CGM system type CGM wear time Calibration protocol Total CGM Wear Reported CGM Compliance
protocol acceptance/ to CGM

satisfaction/ usability  protocol (%)

NA Medtronic Minimed. 3 days NR 3 days J NR

NA DexCom™ G4 Platinum NR Unclear NR X NR

NA Medtronic IPro™ Unclear NR Unclear J NR

SMBGL + usual care’ DexCom™ G4 Platinum Daily wear (168 days) ~ Calibrate 2x daily and 1595 of 168 days NR 95%

glucometer testing 2x (Mean)

daily

As per manufacturer's 56 days per protocol; J 68% >48 days

instructions 48 days  accepted 32% <48 days
minimum
Unclear Unclear J NR
3x daily 9 days X NR
NR 6 days X NR
NR 14 days  continuous NR¥ NR
wear time
Intervention:  Scan  the 14 days J NR
flash sensor every 8 h
Both groups: Recorded
blood glucose levels
daily
NR 6 days X 96% compliance
(28/29)
completed

between the two datasets carried out over different time-periods
limits the ability to draw effective comparisons.

Bodyweight changes

For bodyweight changes, BMI (kg/m®) is reported in the
instance where weight (kg) data is not reported. Eight studies
reported bodyweight changes (Table 2)**7%*>%, Three inter-
vention studies compared RT-CGM combined with education

including RT-CGM output interpretation to SMBGL combined
with standard diabetes education (control)****”*°. Two studies
showed a trend for greater weight loss with RT-CGM after
12 weeks (range —1.8 to —2.2 kg RT-CGM vs —1.4 to —0.4 kg
control)***>*. A further study reported 1.3-kg weight gain with
RT-CGM vs —0.2 kg control (P-value not reported), and was
the only trial to include individuals taking insulin (Table 2)®.
Another intervention showed a non-significant greater BMI

© 2018 Commonwealth Scientific and Industrial Research Organisation. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 9 No. 4 February 2018
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reduction in the RT-CGM group compared with control partic-
ipants over 26 weeks (—1.44 vs —0.35 kg/m2)26. A 40-week fol-
low up from a previous 12-week CGM study showed a
sustained, non-significant greater weight reduction in the
RT-CGM group compared with control participants (—1.9 vs —
0.9 kg P = 0.2)**. The specific details of counseling and educa-
tion provided were unclear, although contact frequency was
reduced from every 3 weeks during the initial 12-week inter-
vention to 3 monthly during 40-week follow up®*.

A 12-week intervention using retrospective CGM with prob-
lem-solving counseling produced a non-significant greater
weight loss compared with retrospective CGM with standard
diabetes education (=6.2 vs +2.4 kg; P = 0.09)*. Furthermore,
retrospective  CGM plus behavior change counseling for
8 weeks produced significantly greater BMI reduction com-
pared with SMBGL and standard diabetes education (—0.53 vs
—0.12 kg/m® P < 0.05)**.

A 12-week lifestyle program combined with counseling and
RT-CGM achieved a 7.3-kg weight loss™. This was greater than
the weight loss reported in a previous study using the same
lifestyle program combined with counseling and SMBGL
(2.5 kg)™.

Change in behavior, physical activity and diet

Eight of the 11 studies reported at least one of the three life-
style behavior modification domains of physical activity, dietary
and behavioral outcomes (Table 2).

Behavioral change

Six studies — one observational® and five RCTs
reported behavioral changes with CGM, noting a generally mini-
mal effect. Two studies comparing RT-CGM vs SMBGL with
standard diabetes education over 12 weeks™ and a 40-week fol-
low up without RT-CGM?** reported no differences between
groups for changes in diabetes distress”***. Meanwhile, greater
diabetes treatment satisfaction was observed in a control group
utilizing SMBGL combined with an internet-based monitoring
protocol and standard diabetes education compared with a RT-
CGM intervention group”®. Conversely, greater improvements in
diabetes treatment satisfaction were observed after an interven-
tion using retrospective, flash CGM with clinician interaction to
adjust insulin compared with SMBGL combined with usual care
control’>. A further study reported retrospective CGM with
problem-solving counseling achieved greater improvements in
diabetes problem-solving compared with retrospective CGM with
standard education (1.06 vs 0.43 arbitrary units; P = 0.02)%.

An 8-week intervention of retrospective CGM achieved
greater increases in the ‘sticking to it domain of the Self-Effi-
cacy for Exercise Behavior Survey compared to SMBGL with
standard diabetes education (0.52 vs —0.11; P = 0.05)*. A 12-
week lifestyle program combined with RT-CGM lowered the
diabetes distress score’®. However, similar improvements were
achieved with the same lifestyle program combined with
SMBGL”.

24-26,28,29,32

http://onlinelibrary.wiley.com/journal/jdi

Physical activity outcomes

Four studies (one observational trial,>® three RCTs* %)
reported physical activity outcomes after CGM intervention
with differing assessment methodologies and results. RT-CGM
with standard diabetes education produced greater increases in
total exercise minutes compared with SMBGL with standard
diabetes education (+1584 vs +43.5 min/week; P = 0.02)%.
Similarly, 8 weeks after retrospective CGM with education
relating to exercise-associated blood glucose response produced
greater increases in mean activity counts/day compared with
SMBGL with standard exercise guideline education (31,144 vs
—9,281 counts; P < 0.05)*®. Another study investigating retro-
spective. CGM with counseling and problem-solving or with
standard education showed no differences in changes in physi-
cal activity levels after 12 weeks; although the group that
received retrospective CGM with problem-solving skills showed
a non-significant greater increase in activity counts (+15,000/
day vs —4,000/day; P = 0.48) and levels of moderate activity
(5 min/day vs —3 min/day; P = 0.11)*’. An increase in absolute
step counts (8,400-13,000 steps/per day) occurred after a 12-
week lifestyle intervention combined with RT-CGM™. A similar
magnitude of change was reported in a separate study carried
out in a different cohort following the same lifestyle program
combined with SMBGL*.

Dietary outcomes

Three studies (one observational®® and two RCTs*"?) assessed
dietary outcomes. There were greater reductions in caloric
intake after 12 weeks of RT-CGM compared with SMBGL and
standard diabetes education (-168.7 vs —113.9 kcal/day;
P = 0.05)”. It was found that 12 weeks of retrospective CGM
with problem-solving counseling achieved higher ratings of
adherence to a personal eating plan compared with retrospec-
tive CGM and standard diabetes education (2.7 vs 0.7 arbitrary
units; P = 0.01), with no difference between the groups for
domains of healthful eating, fruits and vegetables, and high-fat
foods™.

A 12-week observational study showed a lifestyle intervention
combined with RT-CGM reduced total energy intake (pre:
2,680 Kcal, post: 1,796 Kcal [difference —884 Kcal]) and total
carbohydrate intake (pre: 243.3 g, post: 150.5 g (difference —
92.8 g)*.

Device acceptability, useability and wear time

Total CGM sensor wear time and compliance is described in
Table 1. One study showed no change in CGM wear accep-
tance using a system useability scale score before and after
12 weeks of RT-CGM wear, indicating moderate-to-good use-
ability™. Another study (n = 181) reported a high CGM wear
comfort (6.1/7) and improved diabetes awareness (6.2/7)%.
Three studies (n = 287) recorded compliance with CGM proto-
cols defined as attendance at CGM counseling sessions and
compliance with CGM wear protocol®*>***°, One study
(n =29) comparing CGM with problem-solving counseling
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with CGM without counseling showed high levels of compli-
ance to the intervention protocol based on session attendance
(>90%)**. Two studies compared RT-CGM with SMBGL with-
out counseling; a 12-week intervention used a wear time proto-
col of 2 weeks of continuous device wear separated by 1 week
of no wear (ie., 56 days total wear time required), and showed
32% of participants (n = 16) used the CGM device <48 days,
and 68% (n = 34) for >48 days****; whereas a 24-week inter-
vention using a continuous daily wear protocol for 168 days
reported 95% compliance with mean wear time of 159 days™.

A follow-up interview of participants prescribed to wear a
blinded CGM device for 72 h with limited support reported
just 57% of participants remembered to use event buttons on
the monitor to enter medication, and meal and physical activity
times, and reported many other problems in contrast to using
manual logs™. Issues with wearing appropriate clothes to attach
the monitor at night were also reported™. Positive emerging
themes included visual CGM graphs reinforcing the need for
behavior change, and the role of diet, exercise and stress on
glucose levels™.

DISCUSSION

Continuous glucose monitoring has a potential role in limiting
the frequency and/or onset of hypoglycemia in type 2 diabetes
patients, particularly for those receiving insulin therapy, who
have a history of severe hypoglycemia or with irregular routines
(skipping meals, vigorous exercise and poor sleep pat-
terns)®>**° %, The present narrative review evaluated the evi-
dence of the acceptance and effectiveness of CGM use on
improving glycemic control, weight status and behavior change
in adults with type 2 diabetes. Published observational and ran-
domized controlled studies over the past decade were included,
and revealed a relatively small number of studies with high
heterogeneity in intervention design and outcomes reported. Of
the studies available, a high level of CGM technology accep-
tance was reported and, compared with standard SMBGL com-
bined with diabetes education, CGM use promoted greater
HbAlc lowering and weight loss. The addition of lifestyle and/
or behavioral counseling to CGM promoted higher diabetes
treatment satisfaction and reduced diabetes-related distress.
However, specific counseling or lifestyle attributes that were
most effective could not be ascertained. Although visual glu-
cose outputs from CGMs were repeatedly reported as benefi-

cial for educational purposes, communication specifics

surrounding  effective  delivery  strategies  were  not
. 1.126.29,31,32,35

provided .

Compared with standard SMBGL with standard education,
RT-CGM achieved a 0.4-0.7% (absolute) greater HbAlc
reduction over 12-24 weeks in non-insulin- (n = 165) and
insulin-dependent (n = 158) individuals with type 2 diabetes,
respectively”””*°. In non-insulin-dependent individuals, a 40-
week follow-up period without continued RT-CGM use showed
these differential changes between the groups were main-
tained*. Similarly, provision of retrospective CGM feedback
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delivered with diabetes education plus self-efficacy counseling
achieved a 0.9% (absolute) greater reduction in HbAlc com-
pared with standard diabetes education alone over 8 weeks®.
More recently, a 12-week study of 4,678 individuals showed the
use of retrospective flash CGM, delivered with professional sup-
port at weeks 0, 4 and 12 using visual glucose charts to address
medication management, achieved greater HbAlc reduction
compared with SMBGL with standard education (—0.2% abso-
lute; P < 0.001)’". These data suggest that access to CGM
information can promote greater HbAlc reductions compared
with standard care, and that these effects are sustained over the
longer term. Furthermore, the addition of self-efficacy counsel-
ing and not problem-solving counseling has been shown to fur-
ther magnify the CGM treatment effects without medication
intensification®***, The exact reason for the variation of HbAlc
change observed between the studies (0.4-0.9%) is not clear,
but might arise because the study showing the greatest absolute
change provided a walking and exercise plan as part of the
standard education®®, compared with exercise information and
monitoring”?. A meta-analysis has shown that supervised
walking achieved greater HbAlc reduction compared with non-
walking controls (=0.5%)*>*. This suggests an additive benefit
of prescriptive exercise instruction in conjunction with CGM
for intensifying glycemic control.

The current study results concur with a previous meta-analy-
sis that reported a grouped mean —0.31% greater HbAlc reduc-
tion over an 8-12-week period of CGM use compared with
SMBGL in adults with type 2 diabetes'®. The Juvenile Diabetes
Research Foundation Continuous Glucose Monitoring Study
for the use of CGM in type 1 diabetes management in children
and adults also showed a —0.53% greater reduction in HbAlc
compared with SMBGL over 26 weeks for individuals aged
>25 years*'. This smaller HbAlc change in the Juvenile Dia-
betes Research Foundation cohort compared with studies
reported in the current analysis could be explained by the tigh-
ter glycemic control at baseline (HbAlc <8 vs >8%). By way of
comparison of magnitude, lifestyle-based weight loss interven-
tions lasting between 16 weeks and 9 years produced a smaller
non-significant greater reduction in HbAlc of —0.29% com-
pared with usual diabetes care and education in type 2 diabetes
patients”. A 1% HbAlc reduction is estimated to reduce the
risk of diabetes-related death by 21%, myocardial infarction by
14% and microvascular complications by 37%*. Hence, the
additional ~0.5% reduction achieved by RT-CGM use could
translate to significant further reductions in diabetes complica-
tion risk.

Interestingly, no differences in HbAlc changes were observed
between RT-CGM and SMBGL when delivered through an
internet protocol with endocrinologist feedback. The reason for
this lack of additional effect of RT-CGM is difficult to explain.
However, these data suggest using an internet platform to mon-
itor blood glucose readings throughout the day and/or close
professional support might engender similar effects to RT-
CGM.
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Table 2 | Changes in glycemic control, bodyweight, physical activity, diet and behavioral outcomes from continuous glucose monitoring studies

in adults with type 2 diabetes

Author, year reference  Study population Mean age (years) Duration of type 2 Study Intervention Control
diabetes (years) duration
(weeks)
Observational studies
Allen et al. (2009 Nine adults community health 570 + 15 (SD) 86+ 6 (SD) 3days  Phase 1: retrospective  NA
clinic (USA) CGM + education
Phase 2: Focus group interview
Cox et al (2016)** Six adults (Canada) 553 (mean) 2.1 years (mean) 12 RT-CGM + lifestyle program NA
Mohan et al. (2016)*> 181 Adullts 54.1 £ 10 (SD) 146 £ 8.1 (SD) 12 Retrospective CGM + education  NA
11 Health clinics (India) and professional support
RCT —RT-CGM vs SMBGL
Beck et al (2017)%° 158 Adults receiving multi-dose  SMBGL 60 £ 9 (SD) SMBGL 18 (range 12-23) 24 RT-CGM + health professional  SMBGL + usual care
insulin RT-CGM 60 + 11 (SD) RT-CGM 17 (range 11-23) support (0, 4,12 and 24 weeks) 0,4,12 and
25 Endocrine clinics. (USA and 24 weeks)
Canada)
Ehrhardt et al. 100 Adults military healthcare SMBGL 60 £ 11.9 (SD) NR 12 RT-CGM + usual care’ SMBGL + usual care
(011% )& Vigersky  beneficiaries (USA) RT-CGM 555 + 96 (SD) NR 52 40-week follow up with SMBGL 40-week follow
et al 2012 SMBGL up with SMBGL
60 + 119 (SD)
RT-CGM555 £ 96 (SD)
Tang et al (20147 40 Adults endocrinology clinic  RT-CGM 5913 £ 870 (SD) ~ RT-CGM 192 + 74 (SD) 26 RT-CGM + BGL + fortnightly health  IBGM + BGL +
(Canada) IBGM 6065 £ 10.19 (SD) IBGM 17.24 £ 596 (SD) professional feedback fortnightly health
professional feedback
Yoo et al (2008 65 Adults RT-CGM 546 * 68 (SD) RT-CGM 11.7 £ 58 (SD) 12 RT-CGM - with hyperglycemia  SMBGL + usual care’
With poorly controlled type 2 SMBGL 575 £ 9 (SD) SMBGL 133 £ 49 (SD) counseling
diabetes (HbATc 8-10%)
Hospital based Korea (Seoul)
RCT — Retrospective CGM feedback vs control
Allen et al. (2008) 52 Adults Intervention 570 £ 1247  Intervention 83+631 8 Usual care’ + selfefficacy  Usual care’
Community  health  service (SD) (SD) counseling
(USA) Control 570 + 1456 (SD) Control 85 % 623 (SD)
Anjana et al 2017)°" 4678 Adults (61% male) Intervention 573 £ 121 Intervention 15.7 + 85 12 Retrospective  flash-CGM + visual  SMBGL and usual care’
Seven public diabetes clinics (SD) (SD) Control 136+ 81 charts used by clinician to adjust
(India) Control 57.1 £ 12.2 (SD) (SD) diabetes medication
Haak et al. (2017)* 224 Adults Intervention 590+ 99 Intervention 17 + 8 24 Retrospective flash-CGM + clinician  SMBGL + usual care’
149 Intervention (SD) (SD) to adjust insulin
75 Control Control 595 + 99 (SD) Control 18 + 8 (SD)
multi-dose insulin  therapy 26
public  diabetes  clinics
(European)
RCT — CGM with counseling vs CGM without counseling
Allen et al. (2011)% 29 Women Retrospective Retrospective 12 Retrospective CGM + problem-  Retrospective CGM +
Community  health  service  CGM + problem-solving CGM + problem-solving Solving counseling usual care’
(USA) counseling 522 + 65 counseling 6.7 £ 60 (SD)
(SD) Retrospective
Retrospective CGM + usual care
CGM + usual care’ 67 * 46 (SD)

517 £ 80 (SD)

fUsual care consisting of diabetes education/physical activity is defined as per the diabetes management guidelines of the country where the study
was carried out. Significant between group difference identified as P < 0.05. CGM, continuous glucose monitoring; HbATc, glycated hemoglobin;
IBGM, internet blood glucose monitoring; NA, not applicable; NR, not reported; PAID, Problem Areas in Diabetes; RCT, randomized control trial;
RT-CGM, realtime continuous glucose monitoring; SD, standard deviation; SMBGL, Self-Monitoring Blood Glucose Levels.
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Glycemic control: intervention
vs control (P-value)

Weight (kg) or BMI (kg/m?):
Intervention vs Control (P-
value)

Physical activity: intervention vs
control (P-value)

Diet: intervention vs control
(P-value)

Behavioral: intervention vs control (P-value)

NR

HbA1C (%)
—1.1 (change) (P-value - NR)

HbATC (%)
—06 £ 1.11 (SD) (P < 0.001)

HbATC (%): 12 weeks—1.0 vs —
06 (P = 0005)

24 weeks—08 Vs
(P =0022)

12 weeks

Change HbAlc (%)-1.0 vs =05
(P = 0006)

52 weeks

Change HbATc (%)—08 vs —0.2
(P < 0001)

-05

HbAlc  (%):
(P=0312)

09 vs =107

HbATc  (%0)-11 s
(P = 0004)

HbATc  (%)-12 s
(P < 005)

HbAlc (%09 vs
(P < 0001)

HbAlc  (%)-028 vs
(P =0822)

-021

HbAlc  (9)—-07 vs
(P =069

NA

Weight (kg)
—73 (change) (P-value - NR)

NR

Change weight (kg) 24 weeks
13 vs =0.2 (P-value - NR)

12 weeks

Change weight (kg)
—18 vs =04 (P = 042)

52 weeks

Change weight (kg:—19 vs 09
(P=02

BMI (kg/m?: 144 vs 035
(P =049

Change Weight (kg): =22 vs —
14 (P = 043)

BMI (kg/m?: —053 vs —0.12
(P =005)

NR

Change weight (kg) (change
values - NR) (P = 0.250)

Change BMI (kg/m?: (change
values - NR) (P = 0.267)

Weight  (kg)-62 Vs
(P =009

+24

Accelerometer

Activity counts 313,726 vs no
control (NA)

Activity level 1,403 min per day
(light/sedentary)

Pedometer (step counts)

Pre: 8400

Post: 13,000

NR

NR

NR

NR

Exercise time (total min/week)
1584 vs 435 (P = 002)

Accelerometer  (step  counts)
31,144 vs —9.281 (P < 0.05)

NR

NR

Accelerometer

Activity counts

1,500 vs 400

(P =048

Level of activity (mins/day)
40 vs 2 (sedentary)

(P =043

1 vs 6 (light)

(P=078

5 vs =3 (moderate) (P = 0.11)

NR

Total energy intake —884 Kcal
(change)

Total  carbohydrate
(change)

NR

-89

NR

NR

NR

Change in total energy intake
(kcal/day) —1687 vs —1140
(P =005)

Post 12 weeks 1,859 vs 1,690
(P = 0002)

NR

NR

NR

Subscale of diabetes self-care
score

Healthy eating plan 2.7 vs 07
(P =001)

Healthful eating plan

27 vs 12 (P=1017)

Fruits and vegetables

15vs 12 (P = NR)

High-fat foods
—16vs =12 (P = 055)

NR

PAID score
Pre: 65
Post: 33

NR

NR

12 weeks

Change PAID score—62 vs —68 (Pvalue -
NR)

52 weeks

Change PAID score (week 12-52) =03 vs
+13 (P-value - NR) Change PAID score
(week 0-52) (P = 0.96)

Diabetes treatment satisfaction Questionnaire
scores (arbitrary units)

Overall rating 24.8 vs 334 (P < 0001)

Convenience 38 vs 525 (P = 0.004)

Flexibility 40 vs 541 (P = 0.004)

Likelihood to recommend treatment to
others 34 vs 594 (P = 0001)

Willingness to continue treatment 34 vs 5.71
(P = 0.000)

NR

Self-Efficacy for Exercise Behaviour Survey
(sticking to it domain) 052 vs —0.11
(P < 005)

NR

Diabetes Treatment Satisfaction
Questionnaire scores (arbitrary units)
Overall rating 13.1 vs 90 (P < 0.001)

Diabetes Problem-Solving Inventory score
106 vs 043
(P =002
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Excess weight is a strong predictor of type 2 diabetes and
HbA1c* . Approximately 80% of people with type 2 diabetes
are overweight or obese™®. Studies comparing SMBGL with
RT-CGM showed no statistically significant differences in
weight loss or BMI changes between treatments®* *”*°. Never-
theless, three of the four studies using RT-CGM consistently
achieved ~1 kg greater weight loss reduction compared with
standard SMBGL over 12-26 weeks?**®%’; an effect that was
sustained 40 weeks after the cessation of RT-CGM treatment™,
It is possible the relatively small sample sizes used in previous
studies precluded realization of the relatively modest effect sizes
as statistically significant. Previous studies have shown as little
as a 1-kg or 1% weight loss can have a substantial benefit for
glycemic control, morbidity and mortality*”**, Tt is therefore
possible that RT-CGM could offer modest, yet clinically rele-
vant, weight loss benefits*,

Interestingly, a 24-week RT-CGM intervention in patients
with type 2 diabetes on multiple daily injections of insulin
showed a 1.3-kg weight gain compared with a —0.2-kg weight
loss for the control™®. This was despite significant greater
HbAlc reductions with RT-CGM, suggesting that, although
HbAlc and weight are closely linked, for those requiring insu-
lin, weight gain might be acceptable®. However, more research
documenting insulin titration strategies for weight management
using RT-CGM is required.

The studies identified in the present review further suggest
the possibility that CGM data could be used to potentiate the
weight loss effects of other intervention initiatives to provide a
comprehensive weight loss strategy. CGM information com-
bined with self-efficacy and/or problem-solving counseling (the
latter which incorporates individualized counseling based on
blood glucose responses) provided an additional ~2-kg greater
loss compared with CGM with standard diabetes education®*’,
However, only few, small studies have examined the effects of
diet and lifestyle advice combined with CGM use on body-
weight, and more research is required to establish these effects.
Nevertheless, personalization achieved through feedback or tai-
lored information received during counseling support has been
established as a critical component of successful weight loss
interventions*>. The Action for Health in Diabetes study
(Look AHEAD) showed a 5-10% weight loss in individuals
with type 2 diabetes effectively reduces HbAlc, and diabetes
and lipid-lowering medication requirements*>*’. Hence, the
potential role for CGM technology as an adjunctive therapy for
sustainable ~weight loss management warrants further
investigation.

Diet, physical activity and behavioral therapy are the corner-
stones of type 2 diabetes management. It is well established that
dietary habits, food choices and physical inactivity profoundly
affect blood glucose response and control®>**" and self-
monitoring is a key driver for behavior change™. However,
therapeutic strategies are often required for optimal glycemic
control’. Recent availability of real-time and ambulatory CGM
technology provides the opportunity to use this monitoring

http://onlinelibrary.wiley.com/journal/jdi

information to educate patients on blood glucose response to
lifestyle choices (diet and exercise), with the objective of modi-
fying choices and augmenting adherence to effective behaviors,
in the absence of medication intensification. Preliminary data
suggest short-term use of RT-CGM that incorporates graph
interpretation and hyperglycemic alarms without counseling
can promote greater physical activity levels and reductions in
caloric intake’ "%, Yoo et al*” successfully instructed partici-
pants to increase exercise and reduce food portions in response
to RT-CGM-generated hyperglycemic event alarms (>300 mg/
dL). Similarly, provision of retrospective CGM data with feed-
back on physical activity responses using self-efficacy counseling
was shown to increase physical activity levels and confidence in
engaging with a physical activity routine®. These early data
suggest that access to CGM information might promote favor-
able changes, and adherence to diet and exercise behaviours.
However, the ease and significance of data interpretation for
the user is an important consideration. Future lifestyle and
behavior change studies need to investigate the integrated role
between CGM and the quality and quantity of information
provided to the user with type 2 diabetes to identify practices
that facilitate adherence to lifestyle modification changes.

The few studies reporting user acceptance and/or compliance
to CGM wear” 2***%**% suggest a high-level device wear
compliance, confidence with using RT-CGM devices*””° and
moderate-to-good useability®. Secondary analysis of 7,916 indi-
viduals with type 1 diabetes and type 2 diabetes using glucose
sensors for >15 days during any 6-month period over 2 years'®
reported that compliance with sensor use in the first month of
therapy predicted longer-term compliance and self-management
adherence'®. High satisfaction and perceived value ratings have
also been reported in interventions using CGM combined with
either problem-solving and/or self-efficacy counseling or
standard diabetes education®***>**, Some evidence exists sug-
gesting greater CGM satisfaction when combined with prob-
lem-solving and targeted feedback directly linked to diet and
exercise behaviors®**, These data suggest the relative ease of
use and high short-term acceptance of CGM systems among
type 2 diabetes patients. This concurs with reported responses
in type 1 diabetes™° that could assist to promote long-term
compliance and acceptance of this device technology.

The reported high acceptance of CGM as a useful therapeu-
tic and educational tool'>'*****"* should be considered in
the context of the relatively limited feedback alternatives pro-
vided by standard diabetes self-management strategies that rely
on 3- or 6-monthly HbAlc measures and SMBGL™. The lat-
ter only provides a snapshot of current glucose levels and lacks
the sensitivity to detect small changes or specific glucose
responses to food or activity. The limited ability of these estab-
lished tools to provide individualized insight into glucose
response might therefore contribute to the reported frustration
and poor compliance with current diabetes self-management
and attendant poor glycemic control'"'>**, Overall, the present
review suggests a potential role for CGM to improve awareness
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of the effectiveness for diet and exercise in diabetes treatment,
and enhance adherence to behavioral strategies in primary
care' > Therefore, it is disappointing that because of the
limited evidence available to date, current consensus on the
optimal frequency and duration of CGM use in primary care
remains unclear. The role and the type of counseling to accom-
pany CGM, and a clear strategy for use of CGM in insulin
management in this milieu is even more unclear. To promote
effective use of CGM in clinical practice, research must con-
sider and report on the type of complementary advice provided
for medication management and counseling style used in order
to determine its full benefits and overall effects®®.

The relatively small number of studies available and small
sample sizes associated with some of the studies have resulted
in the high heterogeneity of outcomes assessed and study
design features used. This suggests results should be interpreted
with some caution. This also has precluded the ability to carry
out a meta-analysis at this time, and to draw specific and reli-
able conclusions regarding the effectiveness and acceptability of
CGM use for type 2 diabetes. Additionally, the quality, quantity
and diversity of adjunctive counseling, education techniques
and clinical involvement further confound interpretation of
these studies for optimization of clinical type 2 diabetes man-
agement. With the view of using CGM in primary care, there
is an urgent need to provide evidence to identify individual risk
and the frequency of hypoglycaemia for the effective develop-
ment of risk management strategies for clinical practice. More,
larger, longer-term studies that detail intervention methods and
delivery protocols will provide better understanding of the
chronic effects and durability of CGM, its acceptance and the
appropriate balance of its application with clinical involvement.
Additionally, given the greater disproportionate burden of type
2 diabetes in Asians®, future studies should also focus on these
populations. As more rigorous evidence emerges from larger
studies using homogenous study designs, a meta-analysis is
warranted. The current review was also unable to directly com-
pare and differentiate responses to CGM use between insulin-
dependent and non-insulin-dependent individuals with type 2
diabetes, or the effects of medication types and doses in these
populations. Individuals requiring insulin for glycemic control
might experience greater risk of hypoglycemia using CGM
when compared with their non-insulin-taking counterparts.
Therefore, larger, controlled studies that consider these factors
and examine diverse population subgroups are required to bet-
ter understand the wider benefits and application of CGM use
in primary care. The paucity of detail regarding specific educa-
tion and counseling protocols used within the reported studies
also precludes description or the comparison of the type and
frequency of education and support counseling provided within
the lifestyle interventions. The American Association of Clinical
Endocrinologists and American College of Endocrinology”’
have identified the necessity for users and administrators in pri-
mary care to be well informed of the benefits and potential
issues associated with CGM device use, and the appropriate
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translation of such information into lifestyle strategies to opti-
mize glycemic control and diabetes care. It is imperative there-
fore, when reporting study protocols in future studies, that
counseling, education and feedback strategies are clearly
described. If these strategies potentiate the benefits of CGM
wear, this will assist the translation of these new clinical prac-
tices into established diabetes management strategies. It is long
overdue that CGM devices with lifestyle interventions are com-
pared with usual clinical care in both depth and detail.

In conclusion, the present narrative review suggests that
CGM promotes improvements in glycemic and weight control,
and lifestyle behaviour change in adults with type 2 diabetes,
and that these benefits might be enhanced when CGM is inte-
grated with diet, exercise, and glucose excursion education and
counseling. However, the limited number of highly heteroge-
neous studies available makes it difficult to identify specific
attributes of effective interventions and to draw cohesive robust
evidence for multidisciplinary clinical practice that promotes
healthier choices for the type 2 diabetes patient population. As
new evidence begins to emerge, there is a considerable need for
a meta-analysis to inform a greater understanding of the appli-
cation of CGM for practice. In particular, its integration with
pre-existing and established monitoring and education tools
should facilitate user engagement and device acceptability in
type 2 diabetes and lifestyle management.
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