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ABSTRACT
Introduction Studies demonstrate that optimal 
glycaemic control reduces morbidity from diabetes 
mellitus but remains elusive in a significant portion 
of patients. Although research shows that continuous 
glucose monitoring (CGM) and flash glucose monitoring 
(FGM) improves glycaemic control in selected subsets of 
patients with diabetes in specialty practices, we found 
no systematic reviews evaluating the use of CGM/FGM in 
primary care, where the majority of patients with diabetes 
are cared for.
This systematic review aims to answer the questions: 
‘compared with usual care of self- monitoring blood 
glucose and haemoglobin A1c (HbA1c), does the addition 
of CGM/FGM use in the primary care of patients with 
diabetes improve glycaemic control, decrease rates 
of hypoglycaemia, and improve patient and physician 
satisfaction?’ and if so, ‘what subgroups of primary care 
patients with diabetes are most likely to benefit?’.
Methods and analysis Aligning with the Preferred 
Reporting Items for Systematic Review and Meta- Analysis 
Protocols guidelines, a search will be conducted in 
PubMed, EMBASE, Scopus, CINAHL, Cochrane Central 
Register of Controlled Trials and Web of Science. We will 
include studies investigating CGM/FGM use and reporting 
the primary outcome measure of HbA1c and secondary 
outcome measures of hypoglycaemia, time in range, 
time below range, time above range and patient/staff 
satisfaction. We will examine which patient populations 
appear to benefit from CGM/FGM. Three independent 
researchers will use the Covidence systematic review 
software for blinded screening and study selection. 
The National Heart, Lung, and Blood Institute quality 
assessment tool and Grading of Recommendations 
Assessment, Development and Evaluation will be used to 
assess the risk of bias and quality of evidence.
Ethics and dissemination The systematic review 
methodology does not require ethics approval due to the 
nature of the study design. Study findings will be publicly 
available to a wide readership across disciplines and will 
be published in a peer- reviewed journal.
PROSPERO registration number CRD42021229416.

INTRODUCTION
Diabetes mellitus continues to be a major 
contributor to morbidity and mortality 
worldwide. Despite considerable expendi-
tures of precious healthcare funds, outcomes 
continue to be quite poor, even in resource- 
rich countries with developed healthcare 
systems. Diabetes and impaired fasting 
glucose are strongly associated with a large 
increase in cardiovascular and all- cause 
mortality.1 2 Optimal glycaemic control has 
been shown in numerous studies to reduce 
the risk of morbidity,3 4 but it has proved to be 
elusive in a significant portion of the patient 
population suffering from diabetes.5

Continuous glucose monitoring (CGM) 
and flash glucose monitoring (FGM) are 
technologies developed to add further preci-
sion to the monitoring and management of 

Strengths and limitations of this study

 ► To our knowledge, this will be the first systematic 
review to analyse the clinical benefits of continuous 
glucose monitoring and flash glucose monitoring in 
the primary care setting.

 ► The evidence is located through a comprehensive 
and systematic search in seven biomedical and 
nursing databases.

 ► The Covidence systematic review software will be 
used for blinded screening, conflict resolving, ex-
traction and quality assessment by three indepen-
dent reviewers.

 ► National Heart, Lung, and Blood Institute and Grading 
of Recommendations Assessment, Development 
and Evaluation will be used to assess the risk of bias 
and quality of evidence.

 ► Limitations include an English language bias and ex-
clusion of grey, non- peer- reviewed studies.
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diabetes. Both CGM and FGM involve the use of subcu-
taneous sensors that sample interstitial glucose levels 
in the patient. In CGM, the sensor automatically sends 
glucose values to a receiver as often as every 5 min,6 and 
it can be used to alert the patient when the glucose trend 
is expected to exceed set limits, that is, result in hypo-
glycaemia or hyperglycaemia. Fingerstick calibration 
is required at least daily with CGM.7 FGM, also called 
intermittently scanned CGM, uses similar approaches, 
but values are measured on demand, that is, the patient 
uses their smartphone or other devices to interrogate the 
sensor to measure the current interstitial glucose level, 
rather than having continuous measurements made. 
FGM does not require fingerstick calibration, as calibra-
tion is performed at the factory.8

Numerous studies and reviews have evaluated the 
use of CGM and FGM in caring for a selected subset of 
patients with diabetes, and they have shown some clin-
ical benefit with regards to the secondary endpoint of 
goal- directed glycaemic control.9 This benefit has been 
demonstrated in both patients with either type 110–13 
or type 2 diabetes.14 15 There is also evidence that the 
use of CGM in the management of pregnant patients 
with type 1 diabetes results in improved neonatal 
outcomes,16 and CGM may improve the glycaemic 
control of adolescents with type 1 diabetes.17 Although 
there is no recognised standard for what constitutes 
good glycaemic control, and most guidelines are 
now encouraging individualised haemoglobin A1c 
(HbA1c) goals based on patients’ age, comorbidities 
and life expectancy, for the purposes of this review 
we will use the American Diabetes Association (ADA) 
guidelines 2019 for a goal A1c in most patients of less 
than 7% (53 mmol/mol, 154 mg/dL, 8.6 mmol/L).18

A major limiting factor in achieving glucose targets 
with current standard practice is hypoglycaemia with 
intensification of medical management.19 CGM/FGM 
have been shown to reduce episodes of both daytime 
and night- time hypoglycaemia.15 20 21 Interestingly, a 
systematic review found that hypoglycaemia was very 
common in older adults treated with glucose- lowering 
agents, occurring in 28%–65% of participants in the 
included studies, most of whom (80%–100%) were 
asymptomatic.22 Hypoglycaemia in this older patient 
population is associated with worsening cognitive 
impairment, dementia,23 falls, fractures, and cardiovas-
cular complications, including death.24 Finally, recur-
rent hypoglycaemia can lead to impaired awareness 
of subsequent hypoglycaemic episodes.25 Although 
the use of CGM/FGM was not found in a systematic 
review to lead to restoration of awareness of hypogly-
caemia, the review found that CGM can reduce rates 
of severe hypoglycaemia without worsening glycaemic 
control.26

Studies have highlighted that only consistent use 
of CGM yields improved clinical outcomes,27–29 
which suggests patient satisfaction is clinically rele-
vant. Although cutaneous complications with the use 

of CGM or FGM occur, less pain or discomfort was 
reported by most users of CGM/FGM than with the 
use of self- monitoring blood glucoses to test capillary 
blood glucose30 resulting in a high overall level of 
satisfaction with CGM.31

Surveys have shown that there is an insufficient 
number of endocrinologists to care for the large 
population of patients with diabetes, and in fact, the 
US primary care workforce cares for 85% of patients 
with diabetes according to data from a 2014 survey.32 
However, although numerous studies have evaluated 
the use of CGM/FGM in specialty settings, our search 
showed there are no published systematic reviews for 
evaluating the use of CGM in the primary care setting. 
Thus, the purpose of this systematic review is to deter-
mine the benefits of CGM/FGM in the primary care 
of diabetes mellitus.

Objectives
This systematic review aims to answer the questions: 
‘compared with usual care of self- monitoring blood 
glucose and HbA1c, does the addition of CGM/FGM 
use in the primary care of patients with diabetes improve 
glycaemic control, decrease rates of hypoglycaemia, and 
improve patient and physician satisfaction?’ and if so, 
‘what subgroups of primary care patients with diabetes 
are most likely to benefit?’.

METHODS AND ANALYSIS
This protocol follows the Preferred Reporting Items for 
Systematic Review and Meta- Analysis Protocols (PRIS-
MA- P) guidelines33 and registered in the international 
prospective register of systematic reviews. Eventual 
amendments to this protocol will be recorded in the 
PROSPERO registration. It is anticipated that the study 
will commence in February 2021 and be completed by 
December 2021. A copy of the PRISMA- P checklist is avail-
able in online supplemental material 1. The final review 
will be guided by the Cochrane Handbook for Systematic 
Reviews of Interventions34 and reported in accordance 
with the new Preferred Reporting Items for Systematic 
Reviews and Meta- Analyses (PRISMA) 2020 statement.35

Eligibility criteria
The PICO (population, intervention, comparison, 
outcomes) required by the PRISMA format are as follows.

Population
Inclusion criteria are randomised and non- randomised 
controlled trials, non- controlled trials or observational 
studies with patients of any age with type 1 diabetes, type 2 
diabetes or gestational diabetes under the care of a primary 
care provider, including those comanaged with an endo-
crinologist. Included studies will be grouped according 
to the type of diabetes assessed (type 1, type 2, both type 
1 and 2 and gestational diabetes). We will exclude studies 
which were primarily focused on participants who were 
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critically ill, hospitalised or comprised patients using 
closed loop systems.

Intervention
We will evaluate primary studies that report outcomes of 
the use of CGM or FGM in patients with diabetes in the 
primary care setting.

Comparison
The review seeks to compare the outcomes of the 
included studies on CGM/FGM with the practice of 
using HbA1c with or without self- monitoring of blood 
glucose levels in persons with diabetes in primary care 
practices.

Outcomes
Primary outcome
We have defined the primary outcome as the meeting 
of the ADA goals for glycaemic control in most patients 
of an HbA1c of ≤7% (≤53 mmol/mol, ≤154 mg/dL, 
≤8.6 mmol/L).

Secondary outcomes
We have included secondary outcomes of:

 ► Change from baseline HbA1c.
 ► Frequency of hypoglycaemia (≤3.8 mmol/L 

or ≤68 mg/dL) and severe hypoglycaemia 
(≤3.0 mmol/L or ≤54 mg/dL).

 ► Hospitalisation.
 ► Time in target range (TIR).
 ► Time above target range (TAR).
 ► Time below target range (TBR).36

From our preliminary literature review, some studies 
used both self- monitoring of blood glucose (SMBG) 
and CGM/FGM in the control arm (but making clinical 
decisions based on SMBG) in order to compare change 
in TIR, TAR and TBR from baseline to study end to the 
intervention arm of CGM. However, for studies only 
evaluating change in TIR, TAR and TBR in the interven-
tion arm without a control, we will assess the percentage 
change from baseline to study end in these outcomes.

For target ranges, we used a recent consensus report for 
patients with type 1 diabetes produced by the joint effort 
of multiple well- recognised organisations that defined the 
target range of 3.9–10.0 mmol/L (70.2–180 mg/dL).37 
The goal of TIR >70% for both patients with type 1 and 
type 2 diabetes (>50% for ‘older/high risk’ individuals 
defined as cognitive deficits, renal disease, joint disease, 
osteoporosis, fracture, cardiovascular disease and/or 
those requiring assisted care) was defined by a different 
recent consensus report.38 For the subset of pregnant 
patients with diabetes, we will use the more stringent ADA 
guidelines.39 If data exist, we will report on glycaemic vari-
ability, patient- oriented clinically significant outcomes 
of patient satisfaction and diabetes- related complica-
tions such as major cardiovascular events, neuropathy, 
nephropathy and retinopathy.

Type of studies
We will include primary, peer- reviewed studies where the 
abstract or manuscript is available in the English language 
that evaluate the use of CGM or FGM in a primary care 
clinic regardless of the design of the study, with a minimum 
of 20 participants. We will exclude reviews, editorials, case 
reports, conference abstracts and comments.

Information sources
We will include the electronic databases PubMed, 
MEDLINE, EMBASE, Scopus, CINAHL, Cochrane Central 
Register of Controlled Trials and Web of Science in the 
search for literature. All databases will be searched from 
their inception to February 2021. A full search update will 
be performed ahead of manuscript submission.

Search strategy
A comprehensive, systematic search strategy was 
constructed by a medical librarian (LÖ) and reviewed by 
the subject specialists (AK, RDG and JK). Search terms 
were defined based on the PICO and the study inclu-
sion and exclusion criteria as outlined above. PubMed 
and PubMed’s MeSH was used in the pre- search phase 
in December–January 2021 to systematically identify and 
refine relevant search term variations and search tech-
niques. The search strategy developed in PubMed will 
be adopted and applied in all selected databases without 
any geographical or publication year restrictions. We will 
use the ‘Text Word’ field (or similar) for the best possible 
information retrieval. Hand screening of the references 
lists of the included studies will also be conducted.

The search strategy developed through pre- searches in 
PubMed can be found in online supplemental material 2. 
A search log with notes, results and details for the searches 
in all included databases in addition to a PRISMA 2020 
flow diagram outlining the details from the search and 
screening process will be appended to the final review. A 
search update in all databases will be conducted before 
finalising the manuscript to ensure the inclusion of rele-
vant studies published after the search.

Study records
Data management
We will upload all records identified in the database search 
to Covidence systematic review software40 for automatic 
deduplication and blinded screening, conflict resolving, 
study selection and data extraction. Studies identified to 
be included in the review will be exported to EndNote, a 
citation management tool.

Selection process
The selection process in Covidence will follow the 
PRISMA workflow. Two independent reviewers (JK and 
RDG) will initially screen the title and abstracts of all 
identified papers based on the preset inclusion and exclu-
sion criteria. A third reviewer (AK) will resolve eventual 
conflicts identified by the software. Full text of the papers 
identified as potentially eligible in the title and abstract 
screening will be reviewed independently by JK and AK. 
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Reason for exclusion will be documented based on the 
preset study exclusion criteria imported to Covidence. 
RDG will resolve eventual conflicting exclusion reasons 
or paper inclusion/exclusion with the help of the soft-
ware. Only the studies fulfilling the inclusion criteria will 
be fully screened for data extraction. The result from the 
screening and selection process will be documented in a 
PRISMA flow diagram.

Data collection process
Two independent reviewers (JK and AK) will extract data 
from the final studies identified eligible to be included 
in the review. The Covidence extraction module will be 
used to match the objectives of this study. Data to be 
extracted will include basic characteristics of the publi-
cation such as authors, year of publication, journal and 
country. Additionally, the study design, population, dura-
tion and CGM usage duration will be taken into consid-
eration. The primary variables to be collected will be 
age; type of diabetes (type 1, type 2 or gestational); the 
use of CGM, FGM or both; episodes of hypoglycaemia 
as defined above in the Outcomes section of the PICO 
statement; the number of insulin injections given per 
day (0, 1 or multiple); hospitalisation for complications 
of either diabetes or diabetes- related treatment; patient 
satisfaction scores and physician satisfaction scores. 
Quantitative data to be extracted include the weighted 
mean difference of change from baseline HbA1c, time 
in (TIR), above (TAR) and below (TBR) the goal range 
after CGM/FGM is used. Additionally, data on the relative 
risks of hospitalisations, hypoglycaemia and severe hypo-
glycaemia will be extracted.

Eventual discrepancies between the reviewers will be 
addressed with a third reviewer (RDG) and discussed until 
consensus is reached. Authors of the included papers will 
be contacted by email in case additional data are needed.

Risk of bias in individual studies
Two independent reviewers (JK and RDG) will evaluate 
the risk of bias and the quality of evidence of all included 
studies using the National Heart, Lung, and Blood Insti-
tute quality assessment tools.41 The reviewers will criti-
cally assess each study for its methodology to determine 
if any attrition, publication, outcome or conclusion biases 
are present. An appraisal of the quality of evidence for 
each of the outcomes will be given using the Grading 
of Recommendations Assessment, Development and 
Evaluation (GRADE) criteria.42 Eventual disagreements, 
unusual patterns or discrepancies in the assessment will 
be reviewed and discussed together with a third reviewer 
(AK) until consensus is reached. The existence of system-
atic differences in baseline characteristics between the 
groups compared in a study will be addressed in the 
discussion at the end of the study.

Data synthesis
In a comprehensive table, we will summarise the PICO 
characteristics of each study including all relevant 

interventions and outcomes. Thereafter we will determine 
which studies have similar characteristics and outcomes, 
which will allow us to group them and compare their rele-
vant findings. We anticipate these subgroups to include 
type 1 diabetes, type 2 diabetes without insulin therapy, 
type 2 diabetes with only long- acting insulin therapy, 
type 2 diabetes with multiple daily insulin injections and 
gestational diabetes. Given our review will be inclusive of 
many study designs, we may group data according to their 
respective study design. Quantitative data to be reported 
for each study will include the mean HbA1c at study end 
of the intervention group (CGM/FGM) compared with 
control. We will then take the mean differences with the 
standard errors of the means, calculate the 95% CIs, and 
graphically represent our results. Weighted mean differ-
ences of change from baseline HbA1c, TIR, TAR and 
TBR after CGM/FGM intervention will similarly be anal-
ysed. Additionally, data on the relative risks of hospital-
isations, hypoglycaemia and severe hypoglycaemia will be 
reported with their respective 95% CIs, along with qual-
itative data on patient and physician satisfaction. If any 
deviation from protocol plans is necessary, modifications 
to planned comparisons between studies will be made 
and noted. A narrative synthesis will be formulated for 
each subgroup of persons with diabetes, and we will give 
an appraisal of the utility of the addition of CGM or FGM, 
analysing which subgroups appear to benefit most from 
CGM/FGM.

If there are sufficient randomized controlled trials 
with low variability among them, a meta- analysis will be 
attempted comparing CGM/FGM to SMBG. A sensitivity 
analysis will be conducted by excluding studies with a 
high risk of bias, which will confirm the robustness of our 
results. We will assess heterogeneity using the I2 statistic, 
where ≥50% is considered heterogenous.42 43 If hetero-
geneity is determined, a meta- regression analysis will be 
performed to evaluate whether baseline HbA1c, duration 
of CGM/FGM use, and study design influence CGM/
FGM’s effects on HbA1c. Egger’s regression test will be 
used to detect publication bias.44

Strength of evidence
We will use the GRADE45 tool to determine the strength 
of evidence, including publication bias, indirectness, 
inconsistencies, imprecision and risk of bias. Two inde-
pendent reviewers (JK and AK) will evaluate the quality of 
each study, and a third independent reviewer (RDG) will 
resolve any potential conflict.

Patient and public involvement
 No patient or members of the public will be included in 
the performance of this study.

DISCUSSION
This systematic review will be conducted to compare the 
benefits of adding CGM/FGM to usual care in the moni-
toring and management of diabetes mellitus in primary 
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care. This technology has shown promise among persons 
with type 1 diabetes, and a systematic review and meta- 
analysis by Park and Le in 2018 demonstrated that CGM 
can have a modest improvement in HbA1c in type 2 
diabetes.6 However, it is unclear whether these benefits 
would be realised in the primary care setting where many 
persons with either type 1 or type 2 diabetes seek medical 
care. This review will allow us to determine whether the 
addition of CGM/FGM will lead to better outcomes in 
achieving glycaemic control while avoiding frequent 
hypoglycaemia, both of which have been strongly associ-
ated with reduced morbidity and mortality.

Ethics and dissemination
Considering the study design of systematic reviews, ethics 
approval is not needed. We intend to publish the review 
in a peer- reviewed journal where the results will be avail-
able in an open access format.
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