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Abstract

Background: Continuous glucose monitorings (CGMs) have been used to manage diabetes with reasonable
glucose control amongst patients with type 2 diabetes (T2D) in recent decades. CGMs measure interstitial fluid
glucose levels to provide information about glucose levels, which identify fluctuation that would not have been
identified with conventional self-monitoring. Self-monitoring of blood glucose (SMBG) is a classical tool to measure
glycaemic changes. However, the effectiveness of glucose control, hypoglycemia, weight change, quality of life and
user satisfaction, are needed to evaluate and compare CGMs and SMBG amongst adults with T2D.
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Methods: The review will compare the various forms of CGM systems (i.e flash CGM, real-time CGM, retrospective
CGM) versus SMBG or usual intervention regarding diabetes management amongst adults with T2D. The following
databases will be searched: Cochrane Library, PubMed, EMBASE, CINAHL, PsycINFO, Scopus and grey literature
(ClinicalTrials.gov, PsycEXTRA, ProQuest Dissertations, Google Scholar and Theses Global) for the identification of
studies. The studies involving adults (aged ≥ 18 years old) will be included. We will only include and summarise
randomised clinical trials (RCTs) with respect to authors, publication type, year, status and type of devices. Studies
published in English between February 2010 and March 2020, will be included as the field of CGMs amongst T2D
patients has emerged over the last decade. Primary outcomes will be HbA1c (glycosylated haemoglobin level) (mmol/
L), body weight (kg), time spent with hypoglycaemia (< 70mg/dl) or hyperglycaemia (≥ 180mg/dl), blood pressure (<
140/90mmHg is considered as good management) and quality of life (understanding and feeling of living situation
based on culture and value system). Secondary outcome measures will be user satisfaction (patient or treatment/
intervention satisfaction or satisfaction scale) and barriers (physical and mental difficulties or issues). Study selection,
data extraction and risk of bias assessment will be conducted independently by at least two reviewers. A third reviewer
will determine and resolve discrepancies. Moreover, the quality of the evidence of the review will be assessed
according to the Grading of Recommendations Assessment, Development and Evaluation tool (GRADE).

Discussion: The review will synthesise evidence on the comparison between using CGMs and SMBG. The results will
support researchers and health professionals to determine the most effective methods/technologies in the overall
diabetes management.

Systematic review registration: PROSPERO CRD42020149212

Keywords: Type 2 diabetes, Continuous glucose monitoring, Self-monitoring of blood glucose, Health technology
assessment, Diabetes management, Systematic review

Background
Type 2 diabetes (T2D) is the most prevalent form of dia-
betes mellitus, characterised by β cell dysfunction and
insulin resistance. T2D is also a common global health
problem and leads to severe damage and complications
to the heart, kidneys, nerves, blood vessels and eyes over
time [1]. By 2040, the number of diabetic patients (aged
20-79) worldwide is expected to increase to 642 million
[2]. The effects of diabetes extend beyond the individual
to affect their families and societies such as reducing
employment and early retirement and thus increasing
the economic burden [2].
Sustaining reasonable blood glucose control is import-

ant to manage T2D and avoid the short-and long-term
diabetic complications including hypoglycaemia and vas-
cular diseases [3, 4]. However, blood glucose levels can
undergo large fluctuations after meals, secondary to daily
activities and after sleep, consequently creating control
difficulties [5]. The monitoring tools needed to achieve
reasonable glycaemic control continue to evolve, including
more convenient self-monitoring blood glucose (SMBG)
metres, continuous glucose monitorings (CGMs), and a
better understanding of the strengths and limitations of
glucose measurement. SMBG and CGMs are the most
common tools for blood glucose monitoring amongst pa-
tients with T2D. SMBG is a traditional method for glucose
measurement [4], which requires a manual finger-prick
blood test and checking the blood glucose levels with a
glucometre. SMBG is inconvenient to afford a complete

set of the full profile of blood glucose fluctuation. By con-
trast, CGMs can provide more comprehensive profile of
blood glucose levels of individuals [6]. Overall, CGMs
have been generally accepted by patients with T2D, which
also play an essential role in diabetes management.
Clinical application of CGMs started in the year 2000

and was generally indicated as a significant improvement
in diabetes management [7]. Over the last decade, CGMs
have been demonstrated to be clinically valuable due to
its accuracy, convenience and improvement of software
[8]. CGMs can promote glycaemic and weight control,
to help reduce the risk of hypoglycaemia and hypergly-
caemia, and improve relevant lifestyle behaviours [7–9].
It has become a useful tool for real-time monitoring of
blood glucose in clinical and public diabetes manage-
ment settings, and for assessing the impact of treatment
and lifestyle on daily changes in blood glucose levels [8,
10]. CGM devices are intravascular devices, which can
be minimally invasive, or even non-invasive. There are
different types of CGM devices that can be defined in
clinical practice: retrospective systems, real-time sys-
tems, and flash or intermittently viewed system et al. [6,
11]. A reduced requirement for frequent calibration has
accompanied the improvement in accuracy of CGM sen-
sors. For example, flash CGM could be considered a
unique subset of CGMs which forms the blood glucose
values only when the user scans the sensor by passing a
cell phone or a reader near the sensor instead of updat-
ing a show of blood glucose continuously every five min
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intervals [7]. However, several potential common
patient-reported barriers of CGM use including sensor
insertion with pain or problems of high costs, accidental
removal of the device or the adhesive strip and skin re-
actions of sensor adhesion [12, 13].
A review published in 2009 analysed the CGM data by

statistical tools and then strongly encouraged researchers
and clinicians to adopt the rich information contained in
CGM data to guide their research and clinical practice,
the CGM reports can provide the feedback and suggestion
to diabetic patients [14]. A meta-analysis of four rando-
mised clinical trials (RCTs) of a systematic review indi-
cated that real-time CGM has better control in reducing
HbA1c levels compared with SMBG amongst patients
with T2D [4], even those RCTs in this review had inad-
equate sample size for achieving the legacy impacts. Be-
sides, many of the included studies of the systematic
review were short-term with a small number of partici-
pants. Another systematic review indicated that real-time
CGM and professional CGM compared with usual care
are effective in improving HbA1c control but could not
form the conclusions on the effectiveness of flash CGM
due to insufficient evidence [15]. A recent meta-analysis
published in 2019 found that CGM can reduce HbA1c
levels and time spent with hypoglycaemia amongst T2D.
However, it has only searched three databases so that it
may not include all relevant studies. Besides, it did not
compare different types of CGM devices [16].
There is uncertainty between different CGM interven-

tions/systems (i.e. real-time system, flash or intermit-
tently reviewed system, retrospective system) and
outcomes such as hypoglycaemia, weight change, quality
of life and user satisfaction. A systematic review is also
lacking about comparing those aspects between CGM
systems and SMBG. Therefore, this systematic review of
RCTs aims to evaluate the effects of CGMs vs SMBG on
blood glucose levels, body weight, blood pressure,
hypoglycaemia, quality of life and user satisfaction
amongst adults with T2D.

Methods
This protocol follows the guidelines of the Preferred
Reporting Items for Systematic Review and Meta-Analysis
Protocols (PRISMA-P) [17] (Additional file 1). This proto-
col will guide the further review and any deviations while
conducting the review will be reported including the rea-
sons for the changes made in the method section of the
final published manuscript. The review has been regis-
tered in the International Prospective Register of System-
atic Reviews (PROSPERO) CRD42020149212.

Eligibility criteria
The inclusion criteria of the review are (a) study design
as having RCTs only; (b) studies conducted in adults

(aged ≥ 18 years old) diagnosed with T2D; (c) have de-
fined any type of CGMs as the intervention group and
SMBG or routine glucose monitoring as the control
group and (d) studies published in English. Studies pub-
lished between February 2010 and March 2020 will be
included as the field of CGMs amongst T2D has
emerged over the last decade. Abstracts will be eligible
for inclusion if sufficient information is provided to
judge the quality and potential for bias of these trials.
Non-RCT studies, non-T2D, follow-up duration less
than 6 weeks, conference abstracts and duplicate studies
will be excluded.
Studies involving adults amongst T2D (aged ≥ 18 years

old) have adopted CGMs as interventions will be included
in this review. Inclusion criteria: (a) adults diagnosed with
T2D (diagnostic criteria including the American Diabetes
Association, World Health Organization or national
guidelines) and (b) T2D of at least 8 weeks duration. Ex-
clusion criteria: (a) adolescents (aged < 18 years old); (b)
other types of diabetes (i.e. gestational diabetes mellitus or
idiopathic diabetes or type 1 diabetes) and (c) patients in
hospitalisation or intensive care unit or with serious
diseases.

Information sources and search strategy
The following databases will be searched: Cochrane Li-
brary, PubMed, EMBASE, CINAHL, PsycINFO, Scopus
and grey literature (ClinicalTrials.gov, PsycEXTRA, Pro-
Quest Dissertations, Google Scholar and Theses Global)
for the identification of studies. The studies involving
adults (aged ≥ 18 years old) will be included. We will in-
clude and summarise RCTs with respect to authors, publi-
cation type, year, status, and type of devices et al. Besides,
the inclusion of grey literature (i.e. non-published, internal
or non-reviewed articles, repositories) in the systematic re-
view may help to overcome the publication bias that may
arise due to the selective availability of data [18], thereby
this review will include grey literature after reviewing the
title and abstract accordingly.
Additionally, the reference list of identified systematic

reviews and RCTs will also be updated to identify if refer-
ences or bibliographies include relevant studies that might
be included for the review (cross-referencing). Further-
more, indexed keywords in the Medical Subject Headings
will be used to guarantee unified search terms. A compre-
hensive PubMed search strategy (Additional file 2) was
developed in consultation with a medical librarian experi-
enced in systematic database searching. Other databases
will be searched and corresponding search strategies and
logic grid will be adopted (Additional file 3).

Study selection
Citation management system (Endnote X9) will be
adopted to manage records exported from all the
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databases. First, all the studies will be screened by their
titles and abstracts through an online software known as
Covidence (https://www.covidence.org). Then, the full
text of nominated studies will be screened according to
the pre-defined eligibility criteria. Study selection, data
extraction and risk of bias assessment will be conducted
independently by at least two reviewers (MZ and YL).
Both reviewers will describe outcome measures after
reviewing the studies to confirm the relevance of RCTs.
A third author (WL) will determine and resolve discrep-
ancies to make the final decision about whether the
study meets the eligibility criteria for being included in
the review in a consensus meeting. The process of study
screening and selection will be reported as the PRISMA
flow diagram [19] (Additional file 4).

Data extraction and management
A data extraction form (Additional file 5) was designed
based on the suggestion of data extraction and synthesis
by the Joanna Briggs Institute [20]. It covered the infor-
mation of population, intervention, comparison inter-
vention and outcome measures. To ensure the reliability
of the data extraction process, it was designed and edited
by the review team after consultation and was pilot
tested by two independent reviewers (MZ and TY). To
be specific, we will extract data by the form about char-
acteristics of the studies to be included in the current
study (including author, publication year, country, sam-
ple size, types of CGM devices, duration of diabetes, pa-
tient’s baseline, clinic history, basic treatment and
intervention/treatment duration). Primary outcomes will
be HbA1c (glycosylated haemoglobin level) (mmol/L),
body weight (kg), time spent with hypoglycaemia (< 70
mg/dl) or hyperglycaemia (≥ 180mg/dl), blood pressure
(< 140/90 mmHg considers good management) and
quality of life (understanding of the living situation
based on culture and value system [21]). Secondary out-
come measures will be user satisfaction (patient and/or
treatment/intervention satisfaction on a satisfaction
scale) and barriers (physical and mental difficulties or is-
sues). Continuous variables will be demonstrated as
mean values, standard deviations (SD), standard errors,
or 95% confidence interval (CI) as and where applicable,
whereas binary variables will be expressed as frequencies
and percentages (%). Studies comparing one SMBG
group with two or more intervention groups will be
treated as two or more studies sharing an SMBG group.
Two reviewers (MZ and YL) will independently evaluate
the quality of each study that meet the inclusion criteria
of the systematic review. Another researcher (WL) will
provide judgement when two authors have different
reviews if necessary. We will evaluate duplicate publica-
tions, assess all available data simultaneously, maximis-
ing the extraction of data for a bias assessment precisely.

Authors will be contacted by emails to acquire missing
or relevant material of their publications if necessary.

Risk of bias of included studies
The latest revised Cochrane’s risk of bias tool will be
used for evaluating the quality of randomised trials [22].
The following seven constructs will be evaluated as low,
moderate and high risk of bias or unclear risk of bias:
random sequence generation, allocation concealment,
blinding of personnel and participants, blinding of out-
come assessors, incomplete data, selective reporting and
other potential risks (Additional file 6).

Strength of evidence
According to the Grading of Recommendations Assess-
ment, Development and Evaluation tool (GRADE) [23],
the strength of evidence of the review will be assessed
from the following parts; risk of bias, inconsistency, indir-
ectness, imprecision, publication bias, other factors and
upgrading. Two reviewers (MZ and YL) will independ-
ently evaluate the quality of each study. Any disagreement
at this stage will be discussed and resolved by consultation
and consensus of a third reviewer (WL). The summary of
the quality of all included studies will be presented in a
table which will follow the principle of GRADE.

Data synthesis and statistical analysis
This systematic review will also synthesise a quantitative
analysis known as meta-analysis. It seems that the quanti-
tative units may express the continuous variables differ-
ently in each included study; analysis will be performed
using standardised mean differences (SMD) or mean dif-
ferences (MD) with its respective 95% CIs. Binary variables
will be analysed and reported using risk ratio (RR) or odds
ratio (OR) with its respective 95% CIs.
The sensitivity analysis will be used to test the robust-

ness of the choices made, such as changing the cut-off
for high- or low-quality included studies. Besides, the
heterogeneity (deduced by the I2 statistics) will be de-
scribed via reporting differences in the study design and
the characteristics of the study population [24]. This sys-
tematic review intents to generalise the results beyond
the included studies (generalisation inference). Besides,
the patients of T2D frequently different in public health
filed at baseline and duration of diabetes, which seem
multiple study population of T2D [25]. Therefore, a ran-
dom effect model will be used for analysis if appropriate,
such as over five studies are included [26]. Be specific, I2

will be used for evaluating statistical heterogeneity (I2 ≥
50% is considered as heterogeneous), since it is the per-
centage of total variation provided between the studies
(I2 values of 75%, 50% and 25% represent high, moderate
and low heterogeneity, respectively) [27].
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If sufficient RCTs are available and variability amongst
those studies is low, i.e. they are homogenous, a meta-
analysis will be conducted as per the following sub-
groups if appropriate: (a) real-time CGM vs SMBG; (b)
resorptive CGM vs SMBG; (c) real-time CGM vs routine
care; (d) resorptive CGM vs routine care; and (e) real-time
CGM vs resorptive CGM. According to these categories,
measures of associations such as relative risks, and odds
ratios will be synthesised and reported. In addition to this,
when the number of included studies for this review is
more than ten, a funnel plot will be plotted for evaluating
publication bias. We will use the Eggers’ regression test to
evaluate the asymmetry of the funnel plot statistically.
Moreover, subgroup analysis via baseline HbA1c levels (<
6.5%, 6.6-7.9%, 8.0-11.0% and > 11.0%) will be performed
to assess the impact of baseline HbA1c on the effective-
ness of CGM. Additionally, if heterogeneity is identified, a
meta-regression analysis will be conducted on whether
baseline information such as HbA1c, gender, age and fre-
quency and types of CGM sensor/device use has affected
the impact of CGM on HbA1c levels.

Discussion
The main aim of this review is to compare the effective-
ness between GCMs and SMBG or routine care. A sys-
tematic review in this area is lacking to not only analyse
the effectiveness of glucose control but also body weight,
blood pressure, hypoglycaemia, quality of life and user
satisfaction amongst adults with T2D. Moreover, it will
also analyse the subgroups by comparing the differences
between various types of CGM devices to help further in
the improvement of developing these devices.
This review will have some advantages. The pre-

defined approach is according to the Cochrane Hand-
book for Systematic Reviews of Interventions and con-
siders the risk of bias and GRADE assessment [28, 29].
Intervention and control groups will be evaluated jointly
and separately, so this systematic review will be able to
determine why CGMs work as an intervention and
under what circumstances. Therefore, risks of systematic
error, random error and design error of the review will
be avoided [30].
A potential limitation of this systematic review could

be that the inclusion of grey literature without peer re-
view might reduce the impact of the results. In addition
to this, the review will only include RCTs since the com-
parison of the two interventions is only possible in that
study design. The results of this review will be publicly
available and will be disseminated via academic presen-
tations (both locally and internationally) and through
peer-reviewed publications. The review is anticipated to
classify research gaps in the existing literature and pro-
vide evidence for further studies regarding CGM inter-
ventions and effective implementation.
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