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Abstract
Aims/hypothesis The aim of this work was to assess the effectiveness of continuous glucose monitoring (CGM) vs self-
monitoring of blood glucose (SMBG) in maintaining glycaemic control among people with type 1 diabetes mellitus.
Methods Cochrane Library, PubMed, Embase, CINAHL, Scopus, trial registries and grey literature were searched from 9 June 2011
until 22 December 2020 for RCTs comparing CGM intervention against SMBG control among the non-pregnant individuals with type
1 diabetes mellitus of all ages and both sexes on multiple daily injections or continuous subcutaneous insulin infusion with HbA1c

levels, severe hypoglycaemia and diabetic ketoacidosis (DKA) as outcomes. Studies also included any individual or caregiver-led
CGM systems. Studies involving GlucoWatch were excluded. Risk of bias was appraised with Cochrane risk of bias tool. Meta-
analysis and meta-regression were performed using Review Manager software and R software, respectively. Heterogeneity was
evaluated using χ2 and I2 statistics. Overall effects and certainty of evidence were evaluated using Z statistic and GRADE (Grading
of Recommendations, Assessment, Development and Evaluation) software.
Results Twenty-two studies, involving 2188 individuals with type 1 diabetes, were identified. Most studies had low risk of bias.
Meta-analysis of 21 studies involving 2149 individuals revealed that CGM significantly decreased HbA1c levels compared with
SMBG (mean difference −2.46 mmol/mol [−0.23%] [95% CI −3.83, −1.08], Z = 3.50, p=0.0005), with larger effects experi-
enced among higher baseline HbA1c >64 mmol/mol (>8%) individuals (mean difference −4.67 mmol/mol [−0.43%] [95% CI
−6.04, −3.30], Z = 6.69, p<0.00001). However, CGM had no influence on the number of severe hypoglycaemia (p=0.13) and
DKA events (p=0.88). Certainty of evidence was moderate.
Conclusions/interpretation CGM is superior to SMBG in improving glycaemic control among individuals with type 1 diabetes in the
community, especially in those with uncontrolled glycaemia. Individuals with type 1 diabetes with HbA1c >64 mmol/mol (>8%) are
most likely to benefit from CGM. Current findings could not confer a concrete conclusion on the effectiveness of CGM on DKA
outcome as DKA incidences were rare. Current evidence is also limited to outpatient settings. Future research should evaluate the
accuracy of CGM and the effectiveness of CGM across different age groups and insulin regimens as these remain unclear in this paper.
PROSPERO registration Registration no. CRD42020207042.
Funding This research received no specific grant from any funding agency in the public, commercial or not-for-profit sectors.
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MARD Mean absolute relative difference
MD Mean difference
MDI Multiple daily injections
P-CGM Professional CGM
PRISMA Preferred Reporting Items for Systematic

Review and Meta-analysis
RevMan Review Manager
RT-CGM Real-time CGM
SMBG Self-monitoring of blood glucose

Introduction

Type 1 diabetes is an emerging global epidemic with a rising
incidence rate worldwide [1]. Despite its lower prevalence
relative to type 2 diabetes, the annual economic cost of type
1 diabetes to the American healthcare system is significantly
higher and costs approximately US$14.4 billion [2]. This
economic burden could be attributed to rising insulin costs
and costly type 1 diabetes complications [3]. These complica-
tions remain the predominant cause of death among the type 1
diabetes population [4]. The landmark DCCT trial reported

that intensive insulin therapy delayed the onset of diabetic
complications but tripled the risk of severe hypoglycaemia
[5]. Since individuals with type 1 diabetes depend on such
therapies for survival [6], the recommended goal is to main-
tain near-normal glucose levels [5]. The key to achieving such
a glycaemic target is glucose monitoring [7].

In traditional self-monitoring of blood glucose (SMBG), a
glucometer measures blood glucose levels in a capillary blood
sample drawn via finger-pricking [8]. SMBG has some disad-
vantages: (1) it is user-dependent and cannot capture nocturnal
and asymptomatic hypoglycaemia; (2) it cannot predict
impending hypoglycaemia as the single-instant reading offers
no information regarding the direction of changing glucose; and
(3) this method is susceptible to user error, such as contaminat-
ed fingers [9]. Such limitations can be overcome by using
continuous glucose monitoring (CGM) [10]. CGM involves a
sensor inserted subcutaneously that automatically measures an
individual’s interstitial glucose levels around the clock [11].
CGM can predict impending hypoglycaemia and can alert
and detect glycaemic fluctuations, based on glucose trends
and retrospective and real-time data generated [12]. Three types
of CGM systems exist: professional CGM (P-CGM); real-time
CGM (RT-CGM); and intermittent-scanning CGM (isCGM).
Each system varies slightly in terms of function.
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HbA1c remains the gold standard for assessing
glycaemic control and is a surrogate marker for long-
term diabetic complications risk [13]. However, reviews
on the effectiveness of CGM in controlling this variable
have revealed research gaps. Methodological limitations
were found in ten similar reviews with meta-analysis
[14–23] and findings in two were heavily limited by a
small sample size [14, 18]. Studies have shown that a
small number of included studies in a meta-analysis yields
low statistical power which affects overall findings [24].
Moreover, only four of the reviews included a grey liter-
ature search [19–21, 23]. This may have contributed to
inaccurate effect-size estimates and publication bias that
skewed the meta-analysis results [25]. Furthermore, to our
knowledge, only one review [20] included the latest CGM
technology (i.e. isCGM) in its pooled analysis as it was
only introduced in 2017 [26]. However, the search strate-
gy in the review was heavily limited to only two biblio-
graphic databases, thus introducing potential publication
bias [27]. Additionally, the effectiveness of isCGM
remains unclear in the review as subgroup analysis was
not made possible when only one study utilised isCGM.
We therefore undertook a systematic review to address the
current research gaps. This review provides an update on
the latest review by Langendam et al [19], which is the
most similar to this review in terms of population, inter-
vention, comparator and outcome. Findings from this
review may benefit healthcare practitioners who are inter-
ested in diabetes management and current and future
research. Currently, CGM research plays an integral part
in artificial pancreas development, where a CGM sensor
can automatically drive insulin delivery [28]. This paper
aims to assess the effectiveness of CGM vs SMBG in
maintaining glycaemic control in the type 1 diabetes
population.

Methods

This systematic review adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-analysis (PRISMA)
statement [29]. The present review was registered on the
International prospective register of systematic reviews
(PROSPERO registration no. CRD42020207042).

Data sources and searches

A three-step search strategy was employed. In the first step,
five bibliographic databases (CINAHL, The Cochrane
Library, Embase, PubMed and Scopus) were searched for
relevant published journal articles. Relevant subject headings,
keywords, and syntax rules were incorporated and truncated
according to each database to ensure sensitivity [27]. Search

terms used in this study are shown in electronic supplementary
material (ESM) Table 1. The second step involved searching
for relevant ongoing and unpublished trials in trial registries
(CentreWatch, ClinicalTrials.gov, CENTRAL, ISRCTN
registry and WHO ICTRP). Grey literature (ProQuest
Dissertations and Theses Global) and diabetes-related special-
ist databases (ADA and International Journal of Diabetes and
Clinical Research) were also searched. Last, reference lists of
included trials, (systematic) reviews and meta-analyses were
searched to obtain more studies. Authors of studies with miss-
ing information and inaccessible full text were contacted.
Searches were conducted in English from 9 June 2011
onwards since this review is an update of another review
[19] where the authors stopped their search on 8 June 2011.
Date restriction was placed to prevent duplication of findings
[27].

Eligibility criteria and study selection

Studies were included if they met the following criteria: (1)
non-pregnant individuals of all ages and both sexes with type
1 diabetes mellitus who were on an intensive insulin therapy
regimen (multiple daily injections [MDI] of insulin or contin-
uous subcutaneous insulin infusion [CSII]); (2) any
individual/caregiver-led CGM systems; (3) SMBG as control;
(4) post-intervention HbA1c level, severe hypoglycaemia
event (defined as requiring assistance from another person to
administer carbohydrate, glucagon or other resuscitative
actions because of altered consciousness) and diabetic ketoac-
idosis (DKA) events as outcomes; and (5) RCTs. Studies
involving GlucoWatch were excluded as this device is no
longer available [30]. The full eligibility criteria are found in
ESM Table 2. The four-stage PRISMA flow diagram guided
the selection process [29]. First, search results from biblio-
graphic databases and additional sources were downloaded
into EndNote X9 (version 9.3.3) software and any duplicates
were removed [31]. Second, two reviewers (ET and SK) inde-
pendently screened the abstracts and/or title against eligibility
criteria and removed irrelevant articles. Potentially relevant
articles were retrieved as full texts. Articles covering the same
study were linked. Third, ET and SK independently reviewed
the full-text articles against the eligibility criteria and excluded
ineligible studies. Last, ET and SK validated the final list of all
included studies. A third reviewer (NH) was consulted if
disagreements between ET and SK were not resolved through
discussion.

Data extraction

Two reviewers (ET and SK) independently extracted relevant
data from all included articles using the standardised
Cochrane Data Extraction form [32]. Any discrepancies in
extracted data were resolved through discussion with NH.
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The form was initially piloted on six articles to ensure all
necessary information was collected. The data obtained
included author’s details, study design, setting, age, popula-
tion, sample size, intervention, control, attrition rate, outcomes
(specified above) and intention-to-treat analysis. Diabetes-
related specific items, such as CGM systems, SMBG device
and baseline HbA1c were extracted.

Risk of bias assessment

Two reviewers (ET and SK) independently assessed the risk
of bias using Cochrane Collaboration’s risk of bias tool [32].
The tool consists of six domains: (1) random sequence gener-
ation; (2) allocation concealment; (3) blinding of participants
and personnel; (4) blinding of outcome assessment; (5)
incomplete outcome data; and (6) selective reporting. Any
disagreements between the two reviewers were resolved
through discussion with NH. The κ statistic was measured
using GraphPad software [33]. The risk of bias graph and
summary were generated by ReviewManager (RevMan) soft-
ware version 5.4 [34].

Data synthesis and analysis

The primary outcome was post-intervention HbA1c level; the
secondary outcomes were post-intervention severe
hypoglycaemia and DKA events. The primary outcome was
expressed as mean difference (MD) with 95% CI. Secondary
outcomes were expressed as RR with 95% CI. Results were
deemed statistically significant if p<0.05 [32]. Results were
pooled using DerSimonian and Laird’s random-effect model.
RevMan software was used to conduct meta-analyses, data
transformation and graph generation. Meta-regression was
conducted using the ‘metafor’ package of R and the
between-study variation was estimated by the Restrict
Maximum Likelihood method [35]. A narrative synthesis
was used when the meta-analysis was inappropriate.

Heterogeneity was assessed using χ2 and I2 statistics. The
statistical significance of the χ2 test was set at p<0.10. I2 was
interpreted as follows: 0–40% (unimportant); 30–60%
(moderate heterogeneity); 50–90% (substantial heterogene-
ity); and 75–100% (considerable heterogeneity) [32].
Publication bias was assessed using funnel plot and Egger’s
test [36].

Subgroup analysis explored the effectiveness of CGM
across study duration, duration of diabetes, CGM systems,
participants’ initial HbA1c level and insulin regimen.
Sensitivity analysis was performed to determine the source
of heterogeneity [37]. Certainty of evidence was appraised
using Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) software [38].

Results

Search results

Two thousand, one hundred and ninety-one studies from five
bibliographic databases were downloaded into EndNote for
recording and removal of duplicates; this resulted in 1350
records (ESM Fig. 1). Two reviewers (ET and SK) indepen-
dently screened these records against the eligibility criteria,
and excluded 1104 records based on title and 168 records
based on abstracts. Full texts of the remaining 78 articles were
retrieved and screened against eligibility criteria, and another
56 articles were excluded for reasons outlined in ESM Fig. 1.
The resulting 22 articles were included in this review while 21
articles were pooled into meta-analysis.

Study characteristics

The characteristics of the 22 included studies involving 2188
participants are summarised in Table 1. Seven studieswere cross-
over designs [39–45]. The remaining 15 studies were parallel-
group designs. All studies were conducted in an outpatient
setting. Sample size varied from 20 [44, 46] to 241 [47] partici-
pants. Participants’ mean baseline HbA1c was either ≤64 mmol/
mol (≤8%) (n = 8) [39, 40, 47, 55–58, 60] or >64 mmol/mol
(>8%) (n = 11) [41, 42, 44, 46, 48–53, 59]. Three studies did not
report participant’s baseline HbA1c [43, 45, 54]. Insulin delivery
was via MDI alone (n = 8) [41, 42, 48, 49, 51, 55–57], CSII
alone (n = 3) [46, 54, 58] and MDI/CSII (n = 11) [39, 40,
43–45, 47, 50, 52, 53, 59, 60]. The various CGM systems were
P-CGM (n = 2) [51, 57], isCGM (n = 2) [47, 50] and RT-CGM
(n = 18). Study duration was <8weeks (n = 3) [40, 51, 57], 14–
16 weeks (n = 5) [39, 43, 45, 46, 48] and >24 weeks (n = 13).
Duration of diabetes was <10 years (n = 6) [46, 50–52, 56, 57],
10 years to <20 years (n = 4) [39, 40, 48, 59], 20 years to
<30 years (n = 5) [41, 47, 49, 55, 58] and ≥30 years (n = 2)
[53, 60]. Five studies did not report duration of diabetes [42–45,
54]. The primary outcome (i.e. HbA1c level) was reported in all
studies. The secondary outcomes of post-intervention severe
hypoglycaemia and DKA events were reported in 13 and 14
studies, respectively.

Quality of included studies

Risk of bias summary and graph are presented in ESM Fig. 2.
A κ inter-rater agreement of 0.85was achieved, demonstrating
an almost perfect agreement.

As for random sequence generation, five studies were
appraised as unclear risk due to insufficient information [42,
44, 51, 53, 59]. The remaining 17 studies applied adequate
randomisation technique. With regards to allocation conceal-
ment, five studies were graded unclear risk due to insufficient
information [44, 50, 51, 53, 59]. All remaining studies except for
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one [47] applied adequate allocation concealment. Due to the
nature of intervention (e.g. RT-CGM and isCGM), blinding
was not feasible. As the lack of blinding was less likely to influ-
ence objective outcomes [61], all 22 studies were graded low risk
for blinding of participants, personnel and outcome assessment.
For incomplete data, one study [46] was rated high risk as ≥20%
attrition rate observed in both arms posed a serious threat to the
study’s validity [62]. The remaining studies were rated low risk
for incomplete data. For selective reporting, 18 studies were rated
low risk while four studies [39, 40, 44, 51] lacked clarity, hence
were rated unclear risk.

Effectiveness of CGM

HbA1c Twenty-one studies that assessed the effect of CGM
(intervention) vs SMBG (control) on post-intervention
HbA1c levels among 2149 participants were pooled into
meta-analysis (Fig. 1). Overall, participants using CGM expe-
rienced significantly lower HbA1c level (MD −2.46mmol/mol
[−0.23%] [95% CI −3.83, −1.08]; Z = 3.50, p=0.0005) than
individuals using SMBG. Substantial heterogeneity was pres-
ent (I2 = 72%, p<0.00001). One trial was not pooled into
meta-analysis due to missing data [42]; the study reported an
overall non-significant HbA1c reduction when comparing
CGM with SMBG.

Severe hypoglycaemia Thirteen studies evaluated the effect of
CGM vs SMBG on post-intervention severe hypoglycaemia
events among 1546 participants (Fig. 2). CGM demonstrated
non-significant decrease in severe hypoglycaemia events (RR
0.61 [95% CI 0.33, 1.15]; Z = 1.53, p=0.13) when compared

with SMBG. Substantial heterogeneity was present (I2 = 50%,
p=0.04).

DKA Fourteen studies evaluated the effect of CGM vs SMBG
on post-intervention DKA events among 1644 participants
(Fig. 3). CGM intervention demonstrated no significant reduc-
tion in DKA events (RR 1.06 [95% CI 0.49, 2.32]; Z = 0.15,
p=0.88) compared with SMBG. Homogeneity was observed
(I2 = 0%, p=0.59).

Subgroup analyses

Subgroup analyses were performed for the primary outcome
(i.e. HbA1c level). Subgroup analyses were stratified accord-
ing to the following variables: (1) participants’ mean baseline
HbA1c; (2) insulin regimen; (3) study duration; (4) CGM
systems; and (5) duration of diabetes. However, these analyses
revealed no significant subgroup difference for study duration
(p=0.67) (ESM Fig. 3), CGM systems (p=0.88) (ESM Fig. 4)
and duration of diabetes (p=0.90) (ESM Fig. 5).

Subgroup analysis comparing the effectiveness of CGM
among participants with mean baseline HbA1c ≤64 mmol/
mol (≤8%), HbA1c >64 mmol/mol (>8%) and unreported
HbA1c reported significant subgroup difference (I2 = 89.7%,
p<0.0001) (Fig. 4). Among participants with mean baseline
HbA1c >64 mmol/mol (>8%), those using CGM encountered
significant reduction in HbA1c level (MD −4.67 mmol/mol
[−0.43%] [95% CI −6.04, −3.30]; Z = 6.69, p<0.00001)
compared with participants using SMBG. Conversely, CGM
did not significantly decrease HbA1c level in individuals with
mean baseline HbA1c ≤64 mmol/mol (≤8%) (Z = 0.61,

Fig. 1 Forest plot showing the effect of CGM on post-intervention HbA1c (mmol/mol). IV, inverse variance

611Diabetologia  (2022) 65:604–619



p=0.54) or unreported HbA1c (Z = 1.15, p=0.25) when
compared with SMBG. Additionally, subgroup analysis
comparing the effect of CGM among participants who utilised
MDI, CSII and MDI/CSII insulin regimens revealed signifi-
cant subgroup difference (I2 = 66.4%, p=0.05) (Fig. 5).
Compared with SMBG, significant reduction in HbA1c level
was experienced by individuals using CGM who were on
MDI (MD −2.66 mmol/mol [−0.24%] [95% CI −4.90,
−0.42]; Z = 2.33, p=0.02) and MDI/CSII (MD −2.98 mmol/
mol [−0.27%] [95% CI −5.03, −0.92]; Z = 2.84, p=0.004).
However, individuals on CSII experienced non-significant
reduction in HbA1c level (Z = 0.45, p=0.66).

Meta-regression

Meta-regression was conducted with baseline HbA1c as the
covariate. The regression coefficient was −2.31 mmol/mol
(95% CI −3.76, −0.86, p=0.0017), indicating that baseline
HbA1c was significantly associated with the MD.

Sensitivity analysis

Sensitivity analysis was conducted to observe whether
removing any single study could reduce heterogeneity.
No significant change in results or heterogeneity was
observed.

Publication bias

Visual inspection of funnel plot on HbA1c outcome (ESM Fig.
6) appeared to be symmetrical, and a non-significant Egger’s
test (p=0.212) indicated a lack of publication bias. Visual
inspection of funnel plot on secondary outcomes appeared
symmetrical, suggesting no publication bias.

GRADE assessment

The GRADE criteria were adhered to [63], and the certainty of
evidence for all outcomes was moderate (summarised in ESM

Fig. 3 Forest plot showing the effect of CGM on DKA events. M-H, Mantel–Haenszel

Fig. 2 Forest plot showing the effect of CGM on severe hypoglycaemia events. M-H, Mantel–Haenszel
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Table 3). All studies were RCTs and were graded ‘not serious’
for risk of bias as most of them were low risk. Certainty of
evidence for HbA1c level was downgraded due to inconsisten-
cy as substantial heterogeneity was observed. Certainty of
evidence for severe hypoglycaemia was downgraded due to
inconsistency as moderate heterogeneity was observed.
Lastly, the certainty of evidence for DKA was downgraded
due to imprecision as there were fewDKA incidents observed.

Discussion

Statement of principal findings

Meta-analysis of 21 studies consisting of 2149 participants
with type 1 diabetes mellitus evaluated the effectiveness of
CGM compared with SMBG in glycaemic control. Findings
revealed that CGM provided a superior benefit over SMBG in
reducing HbA1c level, with greater reduction seen in individ-
uals with higher mean baseline HbA1c. CGM had no

significant effect on severe hypoglycaemia and DKA events.
While the influence of insulin regimens on the effectiveness of
CGM remains unclear, the type of CGM system used, study
duration and duration of diabetes did not significantly modify
the effectiveness of CGM.

Strengths and weaknesses of the study

To our knowledge, this is the first meta-analysis to achieve the
following: (1) finding significant benefits of CGM on HbA1c

among individuals wi th poor glycaemic control
(HbA1c >64 mmol/mol [>8%]); (2) finding significant associ-
ation between baseline HbA1c and effect size; and (3) evalu-
ation of the effectiveness of isCGM in individuals with type 1
diabetes. These additional findings provide new evidence to a
recent review [20] and an update of a prior review [19].
Furthermore, no publication bias was reported despite apply-
ing date restrictions in the search. This enhances the validity of
the current findings [64]. Additionally, most of the included
studies had similarly high methodological quality ratings,

Fig. 4 Forest plot showing subgroup analysis of post-intervention HbA1c (mmol/mol) according to baseline HbA1c. IV, inverse variance
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suggesting low methodological heterogeneity. Thus, it is
unlikely that the studies were affected by various biases.
Moreover, this paper identified participants’ differing baseline
HbA1c as the source of substantial heterogeneity.
Identification of this factor allows future studies to be
designed better to obtain a more accurate CGM effect.

Studies reported that the effectiveness of CGM in control-
ling HbA1c varies significantly across different age groups
[65]. However, the influence of age on the effectiveness of
CGM remains unclear in this paper. Subgroup analysis on age
(i.e. children, adults, young adults, mixed population) was not
possible as some subgroups would be represented in only one
study. This prevented any meaningful comparisons from
being made [66].

Strengths and weaknesses in relation to other studies

HbA1c level Use of CGM, compared with SMBG, led to an
overall significant reduction in HbA1c level, consistent with
findings of previous studies wherein CGM resulted in a

significant decrease in HbA1c level unlike SMBG [15–17,
19, 21–23]. This finding was expected as CGM can produce
abundant data on users’ blood glucose levels compared with
SMBG. The additional information derived from CGM
enables a more granular analysis to guide treatment decisions,
which could eventually improve glycaemic control [67].
However, two reviews have previously reported that CGM
did not significantly lower HbA1c levels compared with
SMBG [14, 18]. The differing findings could be due to the
low statistical power yielded by the small sample size in both
reviews. Low-powered studies reportedly produced more
false-negative results than high-powered studies [24].
Moreover, their findings could be biased asmost of the includ-
ed studies were of low methodological quality [68]. Our
review incorporated 17 additional new studies [39–44, 46,
48, 50–54, 56, 57, 59, 60] compared with a prior review
[20] which shared five common studies [45, 47, 49, 55, 58]
with the current paper. Current findings also revealed a larger
effect estimate (i.e. HbA1c decrease) of −2.46 mmol/mol
(−0.23%) (95%CI −3.83, −1.08, p=0.0005) as compared with

Fig. 5 Forest plot showing subgroup analysis of post-intervention HbA1c (mmol/mol) according to insulin regimen. IV, inverse variance
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the prior review which reported a HbA1c decrease of
−1.75 mmol/mol (−0.16%) (95% CI −2.79, −0.71, p<0.001)
[20].

Severe hypoglycaemia and DKA events CGM intervention,
relative to SMBG, did not significantly reduce the number
of severe hypoglycaemia events. Although these findings
concurred with those of three other reviews [19, 21, 22], a
recent study reported that CGM significantly lowers the risk
of severe hypoglycaemia compared with SMBG [15]. The
mixed findings could be attributed to a methodological limi-
tation found in this paper along with the other three reviews
[19, 21, 22]. Compared with the aforementioned study [15],
the relatively smaller sample arms seen in the four papers on
the severe hypoglycaemia outcome yields low statistical
power which increases the likelihood of false-negative results
[24].

Although CGM reportedly had no significant effect on the
number of DKA events, in comparison with SMBG, the
current result must be interpreted with caution due to insuffi-
cient data. The finding was anticipated to produce the same
conclusion as the other previous studies [15, 22, 23]. In all
four reviews, including this study, DKA incidents were rare.
Meta-analysis of rare events can produce misleading results
[37]. Hence, this review could not confer a concrete conclu-
sion on the effectiveness of CGM.

Subgroup analyses

Significant subgroup difference was only observed in the
subgroup analyses stratified according to participants’ mean
baseline HbA1c (≤64mmol/mol [≤8%], >64 mmol/mol [>8%]
and unreported) and insulin regimen (MDI, CSII and MDI/
CSII). In participants with mean baseline HbA1c >64 mmol/
mol (>8%), those using CGM experienced a significant reduc-
tion in HbA1c level relative to those using SMBG, unlike
those with mean baseline HbA1c ≤64 mmol/mol (≤8%).
Notably, HbA1c >64 mmol/mol (>8%) indicates poor
glycaemic control [69]. This phenomenon could be attributed
to the tendency of individuals with type 1 diabetes to maintain
high glucose levels to avoid hypoglycaemia [70]. This behav-
iour could be more apparent in individuals with poor
glycaemic control since their HbA1c level is higher. As
CGM reportedly reduces fear of hypoglycaemia among indi-
viduals with type 1 diabetes [71], the need to maintain a high
glucose level might be eliminated, especially among individ-
uals with poor glycaemic control. Hence, such individuals
may experience greater HbA1c reduction using CGM.
Moreover, overall heterogeneity (I2 = 72%) appears to be
caused by clinical heterogeneity. This could be a result of
the differing mean baseline HbA1c levels of participants.
Differing heterogeneity between subgroups with mean base-
line HbA1c ≤64 mmol/mol (≤8%) (I2 = 49%) and mean

baseline HbA1c >64 mmol/mol (>8%) (I2 = 20%) could be
attributed to the difference in behaviour between subgroups.
In the subgroup with unreported HbA1c levels, the substantial
heterogeneity (I2 = 70%) observedmay be caused by the wide
variation in baseline HbA1c in the studies. Results from the
meta-regression also indicated that the baseline HbA1c was
significantly associated with the effect size. This further
suggests that individuals with type 1 diabetes with HbA1c

>64 mmol/mol (>8%) are most likely to benefit from CGM.
Although a significant subgroup effect was observed for

participants’ insulin regimen, the overall evidence on
glycaemic control was conflicting. Compared with SMBG
users, participants using CGM who were on MDI and MDI/
CSII experienced significantly lower HbA1c levels, unlike
those on CSII. This analysis is likely to be unreliable for
conferring a clear effect of CGM influenced by insulin regi-
men on HbA1c as a far smaller number of trials and partici-
pants was observed in the CSII subgroup (n = 3 studies, 304
participants) than in the MDI (n = 7 trials, 804 participants)
and MDI/CSII (n = 11 trials, 1041 participants) subgroups.
Due to uneven covariate distribution, the validity of the find-
ings was, therefore, hindered [66].

Implications of findings

Current findings revealed an MD in HbA1c levels of
−2.46 mmol/mol (−0.23%) between CGM and SMBG.
Although it may appear insubstantial, the DCCT trial found
that a decrease in HbA1c level (regardless of magnitude) was
always accompanied by a reduction in diabetic complication
risk [72]. Furthermore, with the larger MD of −4.67 mmol/
mol (−0.43%) observed in individuals with HbA1c >64 mmol/
mol (>8%), CGM could substantially lower macrovascular
risk among individuals with poor glycaemic control since
elevated HbA1c level (>59 mmol/mol [>7.5%]) is correlated
with higher cardiovascular disease and mortality risk [73].
This further suggests that CGM is a superior method for moni-
toring glucose, compared with SMBG, for the type 1 diabetes
mellitus population. In all, individuals with type 1 diabetes,
especially those with poorly controlled diabetes, are strongly
encouraged to use CGM instead of SMBG.

This paper may be relevant to clinicians providing outpa-
tient services. As all studies were conducted in an outpatient
setting, the present findings suggest that CGM is effective in
managing glycaemic control in the community.

Future research and practice

The effectiveness of CGM systems in the long term and their
relationship with diabetes complications requires more
comprehensive follow-up studies. Future research could
investigate the effectiveness of CGM across different age
groups and insulin regimens since not much is known.
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Moreover, this review presented limited evidence to support
ongoing research (e.g. the use of an artificial pancreas, a
combined treatment consisting of CGM, insulin pump and
software algorithm that automates glycaemic control). The
accuracy of CGM is essential for the safety of the artificial
pancreas. It is measured using the mean absolute relative
difference (MARD) between CGM glucose value and a refer-
ence value (i.e. SMBG) [70]. As none of the included studies
reported MARD, future studies could evaluate CGM’s accu-
racy using MARD as an outcome. A recent consensus state-
ment by the Diabetes Technology Society reported that inpa-
tient CGM usage improved overall glycaemic control [74]. As
current evidence is limited to the outpatient setting, future
studies could be conducted in an inpatient setting.

Current clinical guidelines support the use of CGM in the
management of type 1 diabetes [75, 76]. New findings in this
paper indicate that individuals with HbA1c >64 mmol/mol
(>8%) would benefit most from CGM, coupled with a moder-
ate certainty of evidence. This could further encourage clini-
cians to recommend CGM as the main monitoring method for
the type 1 diabetes population, especially those with poor
glycaemic control.

Conclusion

This systematic review and meta-analysis shows that CGM
improves glycaemic control (expressed as HbA1c level) in
individuals with type 1 diabetes, with the new finding that
those with poor glycaemic control (HbA1c >64 mmol/mol
[>8%]) especially benefit. However, CGM did not affect
severe hypoglycaemia and DKA events. Nonetheless,
compelling evidence from this review suggests that individ-
uals with type 1 diabetes with HbA1c >64 mmol/mol (>8%)
would benefit most from CGM compared with SMBG. The
present findingsmay serve as a foundation for future studies to
evaluate CGM’s accuracy, and the influence of user’s age and
insulin regimen on the effectiveness of CGM.
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