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Abstract

Aims: We aimed to conduct a systematic review and meta-analysis of randomised
controlled clinical trials (RCTs) assessing separately and together the effect of the
three distinct categories of continuous glucose monitoring (CGM) systems (ad-
junctive, non-adjunctive and intermittently-scanned CGM [isSCGM]), compared
with traditional capillary glucose monitoring, on HbAlc and CGM metrics.
Methods: PubMed, Web of Science, Scopus and Cochrane Central register of
clinical trials were searched. Inclusion criteria were as follows: randomised con-
trolled trials; participants with type 1 diabetes of any age and insulin regimen;
investigating CGM and isCGM compared with traditional capillary glucose moni-
toring; and reporting glycaemic outcomes of HbAlc and/or time-in-range (TIR).
Glycaemic outcomes were extracted post-intervention and expressed as mean dif-
ferences and 95%CIs between treatment and comparator groups. Results were
pooled using a random-effects meta-analysis. Risk of bias was assessed using the
Cochrane Rob2 tool.

Results: This systematic review was conducted between January and April 2021;
it included 22 RCTs (15 adjunctive, 5 non-adjunctive, and 2 isSCGM)). The overall
analysis of the pooled three categories showed a statistically significant absolute
improvement in HbAlc percentage points (mean difference (95% CI): —0.22%
[—0.31 to —0.14], I = 79%) for intervention compared with comparator and was
strongest for adjunctive CGM (—0.26% [—0.36, —0.16]). Overall TIR (absolute
change) increased by 5.4% (3.5 to 7.2), I* = 71% for CGM intervention compared
with comparator and was strongest with non-adjunctive CGM (6.0% [2.3, 9.7]).
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1 | INTRODUCTION

Glucose monitoring is an integral aspect of type 1 diabe-
tes (T1D) management.l’2 However, given the limitations
of self-monitored blood glucose (SMBG),>” alternative
methods have been sought. This has led to considerable
advances in interstitial continuous glucose monitoring
(CGM) over the past two decades. Since 1999 when the
first system was marketed,’ modern CGM systems have
become smaller, more user friendly, and more accurate.”

Modern interstitial CGM is broadly divided into: real-
time continuous glucose monitoring (RT-CGM); and
intermittently scanned continuous glucose monitoring
(isCGM).2? These systems measure interstitial glucose
levels through a subcutaneous glucose sensor at frequent
intervals.*® RT-CGM allows real-time access to glucose
data, predictive glucose alerts to mitigate or prevent hypo-
glycaemia and/or hyperglycaemia, and inter-operability
with insulin pump or closed-loop systems.”'® On a diver-
gent CGM pathway are isSCGM, which provide glucose
readings only on demand when the user scans (using near
field communication) the sensor with a reader device, and
lacks the ability for continuous real-time remote monitor-
ing and the provision of glucose threshold alerts (although
the recently released Abbott FreeStyle Libre 2™ provides
limited vibrational alerts).”!'* Continuous glucose moni-
toring can also be defined as adjunctive or non-adjunctive,
with early generation CGM sensors designed to be used
as an adjunct to SMBG to make treatment decisions.
More recently, as accuracy and reliability has improved,
CGM sensors have become non-adjunctive, enabling
treatment decisions without finger-stick confirmation.?
Devices with current non-adjunctive approvals from the
United States Food and Drug Administration (FDA) are:
isSCGM systems - Abbott Freestyle Libre 1 and 2, and the
following RT-CGM systems - Dexcom G5, Dexcom G6,
and Eversense.'*** The Guardian™ 4 system has non-
adjunctive CE mark approval in Europe only."

Many studies spanning multiple design types, includ-
ing observational real-world data and trials, have now
assessed CGM efficacy, often using HbAlc or a variety
of CGM metrics as their primary outcomes. Although,

Conclusions: For individuals with T1D, use of CGM was beneficial for impact-
ing glycaemic outcomes including HbAlc, TIR and time-below-range (TBR).
Glycaemic improvement appeared greater for TIR for newer non-adjunctive

adjunctive CGM, CGM metrics, continuous glucose monitoring, HbAlc, isCGM, non-
adjunctive CGM, type 1 diabetes

Novelty statement:

« The impact of real-time continuous glucose
monitoring (RT-CGM) compared with Self-
Monitoring of Blood Glucose on CGM metrics
as shown by previous meta-analyses has been
either modest or non-significant. However,
separate assessment of the distinct categories of
CGM systems (adjunctive, nonadjunctive and
intermittently-scanned-CGM) on HbAlc and
CGM metrics has not been done previously.

« This meta-analysis showed significant improve-
ment in HbAlc percentage points with the
strongest noticed for adjunctive CGM. Time-in-
range increased for CGM especially with non-
adjunctive CGM.

o The use of CGM improved glycaemic out-
comes; the greater improvement for TIR was
noticed with the newer non-adjunctive CGM
technology.

only relatively recently has CGM metric reporting be-
come standardised'®'® to now include key factors such
as time-in-range (TIR) [70-180 mg/dl (3.9-10 mmol/L)],
time below range (TBR) [<70 mg/dl (<3.9 mmol/L)],
time-above-range (TAR) [>180 mg/dl (>10 mmol/L)] and
glucose variability. Previous meta-analyses of randomised
controlled trials (RCTs) have suggested an improvement
in these parameters after the use of RT-CGM compared
with SMBG.'"* However, the overall effect size of these
findings has been modest; and some meta-analyses have
shown no significant improvements in these parame-
ters.">* In addition, a weakness of prior meta-analyses
has been the combining of all past studies together, be
they older adjunctive, newer non-adjunctive technolo-
gies, or iSCGM together with RTCGM. Some have only
included older technologies in the analysis.'""*’

The aim of the present study was to conduct a sys-
tematic review and meta-analysis of RCT investigating
separately and together the effect of the three broad cat-
egories of divergent CGM systems for T1D (adjunctive,
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non-adjunctive and isSCGM) and their effect on HbAlc
and TIR (as well as a range of broader secondary glycae-
mic variables).

2 | METHODS

This meta-analysis follows the 2009 Preferred Reporting
Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines (registered at PROSPERO, https://
www.crd.york.ac.uk/prospero, at CRD42021234019).
The PRISMA checklist is provided in the Supplementary
Data.

2.1 | Data sources and searches

A search of the databases PubMed, Web of Science,
Scopus and Cochrane Central register of clinical trials
was conducted up to April 2021. Studies not in English
language were excluded. No other filters were applied.
The complete search terms list used were as follows:
(‘type 1 diabetes’ OR t1d OR ‘insulin dependent diabe-
tes” OR iddm) AND (‘continuous glucose monitor*” OR
‘flash glucose monitor*” OR ‘continuous subcutaneous
glucose’ OR ‘glucose sensor’ OR ‘glucose-sensor’ OR
cgm OR rtcgm OR fgm OR icgm OR iscgm OR ‘diabetes
technology’ OR ‘sensor-guided’ OR ‘sensor guided” OR
‘sensor augmented’ OR ‘sensor-augmented’” OR sap).
A full list of search terms for each database is found in
Table S3.

2.2 | Study selection

RCTs were only included if they compared RT-CGM or
isCGM with traditional SMBG and if glycaemic meas-
urements of TIR and/or change in HbAlc were reported
(co-primary outcomes). Results were also collected for
TBR, TAR, and glucose variability (%CV or SD) if these
were reported in these trials. Trials were restricted to
participants with T1D of any age, receiving either mul-
tiple daily injections of insulin (MDI) or continuous
subcutaneous infusion (CSII). In addition, we selected
RCTs if they had a minimum intervention duration
for 6 weeks for TIR and, 12 weeks for HbAlc measure-
ments, and used CGM for at least 50% of the interven-
tion. Exclusion criteria included type 2 diabetes, and
non-randomised extensions of previous studies or stud-
ies with incomplete data. Trials were also excluded if
the insulin administration method differed between the
control and intervention group, or if the trial involved
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any level of insulin automation, that is, low glucose
suspend, threshold suspend, predictive low glucose
suspend or closed loop systems. Trials directly compar-
ing isCGM with RT-CGM were also excluded (as not
compared with SMBG). Two independent investigators
(ME and HS) assessed each RCT’s eligibility based on
the titles and abstracts, and did the data extraction for
the systematic review independently, with input from a
third investigator (JH) to extract data required for meta-
analysis as needed.

2.3 | Outcomes of interest

The two primary outcomes of this meta-analysis were as
follows: TIR and HbAlc between individuals using tradi-
tional SMBG compared with rt-CGM or isCGM. Secondary
outcomes were TBR and TAR, and glycaemic variability
(%coefficient of variation [%CV]).

2.4 | Data extraction

All search results from the databases were downloaded
into EndNote X9 (Clarivate Analytics, London, United
Kingdom), and duplicates were removed. Using Rayyan
(a web application for systematic reviews),”' titles and
abstracts were screened to determine relevance. The full
text of remaining studies was then closely examined to de-
termine eligibility. Where eligibility could not be decided
(based mainly on missing or unclear information), au-
thors were contacted to clarify issues. Data were extracted
into a predesigned spreadsheet to help with data extrac-
tion for both meta-analysis and systematic review. This
included information about author, country, publication
year, trial design and duration, number of participants
and participants’ demographic characteristics, rate of at-
trition, device type and duration of usage and differences
in primary and secondary outcomes with the inclusion of
p-values and/or confidence intervals (CI).

We assessed risk of bias for studies’ estimates of the
effect of assignment to the intervention (intention-to-
treat) for all outcomes, using the Cochrane RoB 2 tool.?
The RoB 2 looks at potential for bias across 5 domains:
the randomisation process, deviations from the intended
interventions, missing outcome data, measurement of
the outcome and selection of the reported result. Risk of
bias for each domain and overall were designated as ‘low’,
‘some concerns’ or ‘high’ by two independent reviewers
(SK and BG). Discrepancies between reviewers were re-
solved by discussion and by a third reviewer (BW) if con-
sensus could not be reached.
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2.5 | Data synthesis and meta-analysis

For each RCT, the mean changes from the baseline within
the control and the intervention groups and its CI were
extracted. The effect size was the estimated difference be-
tween the mean changes. If the effect size was not avail-
able, then it was calculated as the difference between the
post-intervention means. If the post-intervention means
were not reported in the RCT, it was calculated as the
difference between the post-intervention medians.”> The
95% CI of the effect sizes were reported if available. If
these were not reported and the p-value was reported, the
p-value was used to calculate the 95% CL.** If the SD of the
differences was reported, then the CI was calculated using
the method outlined in Cochrane Handbook.* If there
was only an interquartile range reported, this was used
to estimate the SD by multiplying by 1.35 (again, as out-
lined in the Cochrane Handbook). If the units of time (for
TIR, TAR and TBR) were reported in minutes or hours of
the day, these were converted to percentage of the day on
the assumption that data were collected for 24 h. Those
studies that had the time converted to percentage were
included in a meta-regression to assess if this time con-
version influenced the summary effects. Where estimates
were reported by age group or other demographic group
(such as pregnant or planning to get pregnant), these were
included separately.

Restricted maximum likelihood random effects meta-
analyses were undertaken for each outcome by whether
the active intervention was adjunctive, non-adjunctive,
or intermittent scanning. These were undertaken using
‘meta’ in Stata 17.0 (StataCorp, Texas). Effect sizes, 95%
CI, and p-values were calculated for each sub-group and
for all studies together. Forest plots were generated to dis-
play results. Heterogeneity statistics were also calculated:
7%, I? and H

Some studies reported medians instead of means for
TBR because of skewed data. The difference in the medi-
ans was used as an approximation for the mean difference,
however, when data are skewed this may not be an accu-
rate approximation. Because of this, a sensitivity analysis
was undertaken that only included studies that reported
mean difference.

To further explore sources of heterogeneity, meta-
regression models were calculated by whether the study
was carried out in adults or children; whether baseline
HbA1lc was >58 mmol/mol > 7.5% (indicative of inade-
quate control); whether the study was a cross-over or par-
allel trial; and whether the trial reported effect sizes that
were adjusted for baseline. The meta-regressions were
undertaken for the adjunctive and non-adjunctive studies
together and were not undertaken if one subgroup had
less than three studies. Mean differences and 95% CI were

calculated from the meta-regression, which represent the
mean difference in effect size by the subgroup. If a mean
difference was large enough to indicate potential moder-
ation, forest plots were also generated by these subgroups
to illustrate trends.

3 | RESULTS

3.1 | Search results

The process of study selection is illustrated in Figure 1. In
total, 3835 records were identified with the initial search
process. After excluding duplicates, we included 2259 re-
cords. A total of 2172 records were further excluded on the
basis of reviewing titles and abstracts. Further excluded
trials (n = 64) were mainly reviews, comments, editorials,
and observational studies. Finally, 22 RCTs were included
in the quantitative synthesis and meta-analysis.

3.2 | Study and participant
characteristics

Of 22 RCTs, there were 15 studies with adjunctive CGM,
five studies with non-adjunctive CGM, and two isCGM
studies. Details of the 22 trials are presented in Table S1.

Clinical trials of adjunctive CGM included Medtronic
Paradigm 722 (n = 1)*; FreeStyle Navigator (n = 4)*"";
Guardian REAL-Time (n = 3)**%; Dexcom G4 Platinum
(n = 2)***% Dexcom SEVEN (n = 2)*"*; MiniMed
Paradigm (n = 2)*”*%; MiniMed Paradigm REAL-Time
(n = 5)*"?%338. MiniMed MiniLink (n = 2)**33; Enlite
(n = 1)*; Paradigm Veo system with a MiniLink trans-
mitter/Enlite sensor (n = 2).*** Clinical trials of non-
adjunctive CGM included Dexcom G5 (n = 4),*** and
Dexcom G6 (n = 1).* Some of these RCTs investigated
more than one sensor.””***° Funding sources were from
the industry in the majority (n = 18) with only four studies
supported via independent grants.?”****¢ Insulin deliv-
ery varied by study, with MDI alone in three studies,***>*
CSII alone in five studies®®*'*®** and by both MDI and
CSII in fourteen studies,’30-3%3339-42:44-47

Different primary outcomes were assessed in the in-
cluded RCTs. Change in HbAlc was investigated in
13 studies,2627-2931:35373841.46.48 TIR i four studies®3%*45
and TBR in four studies®>*****’; one study investigated
the difference in hypoglycaemia awareness*’ and another
reported the number of hypoglycaemic events.*’ The defi-
nition of TIR as a primary outcome varied across the in-
cluded studies; three studies reported it as the time spent
between 70 and 180 mg/dl,***** and one study reported it
as the time spent between 72 and 180 mg/dl.** In addition,
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the definition of the time spent in hypoglycaemia showed
some variability as four studies defined it as <70 mg/
d1,®*47% and one study measured it <63 mg/dL.** The
variation in the definition of targets for TIR and the differ-
ent levels cut-off levels for the time spent in hypoglycae-
mia was also obvious when both glycaemic outcomes were
measured as secondary outcomes. Difference in hypogly-
caemia awareness,”’ and the number of hypoglycaemic
events* were reported as primary outcomes in two studies.

3.3 | Adjunctive

Fifteen RCTs were included; these studies were published
between 2006 and 2017. In total, 2218 participants were
included, of these 1226 were in the intervention group.

e Notin English (n=1)

e Subgroup analysis of
the main study (n=1)

e lack of interest data
(n=15)

31,3439 with inter-

Three studies used the cross-over design,
vention period ranging from 16 to 28 weeks.

Only two studies recruited children,?*® whereas five
studies recruited only adults, 2633343940 and eight re-
cruited both children and adults.?”***%3%3537 Mean par-
ticipant age ranged from 7.5 to 51 years. All included
adjunctive RCTs recruited both males and females with
the exception of one study that recruited only pregnant
females and females who were planning to get pregnant.®
The level of baseline HbAlc was reasonably in target in
4 RCTs, 28303639 whereas the other 12 adjunctive RCTs
started with out of target level of HbAlc. Mean baseline
HbA1lc ranged from 6.4% to 11.5% (46 to 102). Of these
15 studies, 6°*"**373%did not report that they used sta-
tistical analyses that adjusted for baseline levels, and a
further 3 studies®**** did not report adjusted effect sizes.
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Three studies?”***° reported effects adjusted for baseline

HbA1c but not for any other outcome.

3.4 | Non-adjunctive continuous glucose
monitoring

Five RCTs were included with one study published in
2018* and the other four studies published in 2020.4%4445
One* used a cross-over design with a duration of inter-
vention of 8 weeks, whereas the other four studies*™**
used a parallel design with a duration of intervention
ranging from 24 to 26 weeks. Mean baseline HbAlc
ranged from 7.3% to 9.3%. Overall, 658 participants with
T1D were included, of these, 326 were in the intervention
group. Most non-adjunctive RCTs recruited adults and/or
teenagers (16 years and above) with the exception of one
study* which recruited children. Study mean participant
age ranged from 5.2 to 68 years. One study did not report
effect sizes adjusted for baseline.*’

3.5 | Intermittent continuous glucose
monitoring

Two studies with parallel design were included. One study
started with considerably out of target HbAlc at baseline
and its primary outcome was the change in HbAlc after
the use of isCGM for six months.*® The primary outcome
of the other study was the change in time spent in hypo-
glycaemia after a period of intervention of 6 months.*’ The
total number of participants was 303, of these, 152 were in
the intervention group. One study recruited youth aged
13-20 years,*® whereas one recruited only adults.*’” Mean
participant age ranged from 16.5 to 45 years, and mean
baseline HbAlc ranged from 6.8% to 11.2%.

3.6 | Primary outcomes from meta-
analysis

The overall analysis of the pooled three categories (adjunc-
tive, non-adjunctive and isCGM) showed a statistically
significant absolute improvement in HbAlc percent-
age points (mean difference (95% CI): —0.22% (—0.31 to
—0.14)) for intervention compared with control, with
heterogeneity of 79% (Figure 2). The effects were strong-
est with adjunctive technology (—0.26% [—0.36, —0.16]),
and no evidence of a difference in HbAlc was seen for
iSCGM. Overall absolute TIR increased by 5.4% (3.5 to 7.2)
for CGM intervention compared with control, with het-
erogeneity (I>) of 71% (Figure 3). The effects were strong-
est with non-adjunctive technology (6.0% [2.3, 9.7]). A

meta-regression comparing effects between studies where
results were reported in % of time compared with studies
reporting effects in minutes or hours did not suggest that
the unit conversion influenced results (Table S2).

Meta-regression explored potential sources of hetero-
geneity (Table S2). Study design was indicated as a po-
tential moderator for trials investigating HbAlc, where
cross-over trials showed stronger effects (—0.32 [—0.54,
—0.11]) than parallel trials (—0.21 [—0.31, —0.11]) (Figure
S3). Similarly, a higher increase in TIR was seen in studies
with cross-over design; 9.7% (8.2 to 11.1) compared with
parallel design; 4.3% (95% CI 2.3 to 6.3) (Figure S4). Age
group and baseline HbAlc were also effect modifiers for
TIR, where the effect in adults was much stronger than in
children (6.4% [3.4,9.4] and 0.3% [—2.4, 3.0], respectively)
(Figure S5) and studies of participants with HbAlc within
target levels (<58 mmol/mol/<7.5%) were more effective
than studies of participants who had HbAlc above tar-
get levels (6.9% [4.3, 9.5] and 4.5% [1.8, 7.3], respectively)
(Figure S6).

3.7 | Secondary outcomes

Overall, the use of non-adjunctive and adjunctive RT-
CGM combined showed a significant decrease in TAR;
—3.6% (95% CI —5.9 to —1.3), with a heterogeneity (I%)
of 75% (Figure S1). The 3.6% decrease in TAR can be in-
terpreted to an average of 0.87 h decrease in time spent
in hyperglycaemia (>180 mg/dl [3.9 mmol/l]) per day.
Non-adjunctive and adjunctive RT-CGM showed similar
effectiveness in reducing TAR. When exploring potential
sources of heterogeneity through meta-regression, both
age group and study design were indicated to be poten-
tial effect modifiers. Figure S7 shows that RT-CGM was
only effective at lowering TAR in adults (—4.6% [—7.8,
—1.3]) but not in children (2.1 (—0.4, 4.5) %). RT-CGM
was also more effective in cross-over trials than in paral-
lel trials (—7.3% [—11.2, —3.3] and —2.4% [—4.8, 0.1], re-
spectively) (Figure S8). The meta-regression by studies
with converted time units (to %) also indicated that these
conversions did not result in meaningfully different effect
estimates (Table S2).

Overall, with all divergent CGM technology combined
there was a significant absolute decrease in TBR by 1.8%
(95% CI —2.7 to —0.8) for intervention compared with
control, with a heterogeneity (I*) of 84% (Figure 4). Non-
adjunctive and adjunctive RT-CGM performed similarly
and there was only one study investigating the effect of
isCGM. Eight studies reported medians instead of means
for TBR because of skewed data; therefore, we under-
took a sensitivity analysis that excluded these studies.
This showed that the overall effect size was strengthened,
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FIGURE 2
analysis of continuous glucose monitoring
randomised controlled trials for HbAlc
by non-adjunctive, adjunctive and
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estimating a significant reduction in TBR of —2.2% [95%
CI —3.6 to —0.7] (Figure S9), suggesting that including
studies that reported medians does not inflate effect esti-
mates. When exploring sources of heterogeneity through
meta-regression, studies with baseline HbAlc above or
below the target level (58 mmol/mol / 7.5%) was indicated
as a potential moderator (Table S2). Studies with partici-
pants who started within the target level of HbAlc at base-
line showed a greater effect of RT-CGM (—3.0% (—4.5 to
—1.5) compared with studies with participants who had
baseline HbAlc above the target level (—0.9% (—1.70 to
—0.04)) (Figure S10)

There were only five studies that reported glucose vari-
ability (%CV), and these were all in non-adjunctive RT-
CGM. Overall there was no evidence of an effect on %CV
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(—0.6% [—5.1, 3.8]) and heterogeneity (I*) was high at 97%
(Figure S2).

4 | RISK OF BIAS

The majority of studies (17/22) had low overall risk of bias
with 13/22 having one or more domain-specific risks of
bias (Figure S12). Uncertain risk was noted for each do-
main as follows: most commonly for missing outcome
data, with 11 studies having a total amount of missing-
ness or imbalance between groups which may allow
biag?®30-3437:39.404347. four studies for the randomisation
process because of insufficient detail about sequence gen-

eration or allocation concealment®®***738: three studies
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for measurement of the outcome, due to differences in the
CGM devices used to compare outcomes between groups
(intervention CGM calibrated in real time, masked CGM
calibrated retrospectively)**® or not describing the masked
device”; two studies had enough participants deviating
from study protocols to potentially affect outcomes,***
and two studies for selection of the reported result, due to
lack of prospectively published outcome information.***?

5 | DISCUSSION

To our knowledge, this is the first systematic review and
meta-analysis investigating the glycaemic efficacy of CGM
systems according to their diverging type (non-adjunctive,
adjunctive [many now not commercially available] and
isSCGM). In addition, more recent standardised metrics of
glycaemic control have been presented where available.
Overall use of RT-CGM resulted in significant absolute
improvement in HbAlc (by —0.22%) regardless of adjunc-
tive or non-adjunctive indications, whereas isCGM did
not show improvement in HbAlc. Improvement in abso-
lute TIR and reduction in absolute TAR and hypoglycae-
mia were seen with all CGM technologies irrespective of

for time-in-range by non-adjunctive,
adjunctive and intermittent scanning
technologies

3.10[ -0.00, 6.20]
6.90[ 3.10, 10.70]
0.50[ -2.60, 3.60]
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7.92[ 2.27, 13.56]
1.30[ -2.48, 5.08]
-1.00[ -8.74, 6.74]
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9.60[ 8.00, 11.20]
518[ 2.75, 7.61]

417[ 1.72, 6.62]
417[ 1.72, 6.62]

537[ 3.54, 7.20]

type. Finally, all divergent technologies showed improve-
ments in hypoglycaemia reduction both when analysed
separately and combined.

Our finding of a 6% absolute increase in TIR with the
non-adjunctive CGM use contributes to understanding the
effectiveness of using this evolving technology to achieve gly-
caemic targets and minimise hypoglycaemia. Importantly,
this improvement was achieved at the same time overall
burden of use was reduced by allowing non-adjunctive de-
cision making, and now more recently factory calibrated
systems. Interestingly, despite this improvement in TIR,
the use of the non-adjunctive CGM showed only a modest
improvement in HbAlc. This could reflect study design, as
these five non-adjunctive studies were arguably specifically
targeting less studied, more challenging and under-served
populations i.e. 3/5 in youth/young adults, and one in older
adults with risk of hypoglycaemia. However, the older gen-
eration adjunctive studies did clearly show significant im-
provements in both HbAlc and TIR, confirming the overall
potential of RT-CGM to lower HbAlc. These findings are
consistent with past CGM meta-analyses.'"'*?° This vari-
able result for HBA1c highlights the limitations of a tradi-
tional focus on Hbalc to measure CGM effectiveness.” The
most important limitation is that Hbalc fails to adequately
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identify the complexities of glycaemic variability for those
living with diabetes, especially for those experiencing prob-
lematic hypogly<:aemia.42’43’50 For this reason, CGM metrics,
which more clearly identify the nuances of glucose fluctu-
ations, are likely to play an ever-increasing role in measur-
ing efficacy of advanced diabetes technologies.'® The more
recent standardisation of CGM metric reporting has also
considerably improved the ability to compare findings of the
more recent trials,'® which was an important limitation of
older generation studies.

One of the more complex aspects of a systematic re-
view and meta-analysis of these divergent CGM technolo-
gies is the substantial heterogeneity seen between studies.
Heterogeneity >50% is considered to be substantial,”® thus
highlighting how high the >70% heterogeneity we have
seen for both co-primary outcomes are. Therefore, all re-
sults should be interpreted with caution. Particular at-
tention in interpretation needs to focus on differences in
trial design, study population (children vs. youth vs. older
adults) and differences in primary outcomes (such as
HbA1c/TIR vs hypoglycaemia reduction). All of these im-
pact study findings, for example one should not realistically
expect improvements in HbAlc to be seen in a study de-
signed to improve hypoglycaemia in well-controlled adults.

Heinemann et al, 2018
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This may well represent the last or one of the last sys-
tematic reviews and meta-analyses of stand-alone CGM for
type 1 diabetes. This is likely for a number reasons. Firstly,
uptake of CGM is rapid in the developed world.” Secondly,
CGM is now frequently integrated into increasingly sophis-
ticated levels of decision support and insulin automation/
closed-loop. This last point, for type 1 diabetes in particular,
may begin to make standalone data less relevant (as opposed
to Type 2 diabetes where there is an increasing focus on the
role of CGM). Highlighting this, recent systematic review
and meta-analyses of first generation closed loop technology
reveal TIR improvements in the order of 10-12%.>*>*

The strengths of this meta-analysis include the thor-
ough and in-depth systematic literature review with the
inclusion of studies with various technical aspects and
different demographic characteristics. Highlighting each
diverging technology is also a considerable strength rather
than solely combining all together. Our findings are lim-
ited by the moderate and high heterogeneity (as previ-
ous noted). Although most studies were rated as being at
low risk of overall bias, generalisability to the real world
may be an issue, with some studies having run-in periods
and screening out participants with reduced adherence.
Another limitation was seen in the eight studies only
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reporting the median of the outcomes of interest. We ad-
dressed this by using calculated means in our main anal-
ysis, and by running a sensitivity analysis which showed a
strengthened effect size. Another important factor is that
most studies were funded/sponsored by industry which
may impact on the duration and design of the included
studies. Our criteria also did not allow for inclusion of stud-
ies of the effect of transitioning from one CGM system to
another, like ALERTT]1 (i.e. isCGM to RT-CGM).> Finally,
although a focus on randomised trials is vital, there is an
important and growing place in understanding efficacy of
diabetes technology using less robust forms of evidence
such as real-world data. For isCGM and RT-CGM in partic-
ular, while excluded in this review, the impressive findings
seen in the recent real-world data have an important role
in understanding CGM efficacy,”®*’ as well as highlighting
that key benefits depend on sustained use, which appears
to be improving with more modern iterations of CGM.>®

In conclusion, this systematic review and meta-
analysis highlights the favourable evolution in CGM with
regards to TIR. TIR appears to be more sensitive than
HbAlc at detecting benefits of CGM technology in that
TIR appropriately incorporates health gains made from
reducing hypoglycaemia, traditionally one of the most
feared acute complications of T1D. Given the rapid evo-
lution of diabetes technology and in particular decision
support tools and automated insulin delivery, future trials
and studies are likely to reduce their focus on CGM alone,
but instead pivot to the role of CGM as but one vital com-
ponent of more advanced integrated diabetes technology.
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