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Abstract
Backgrounds and aims The American Diabetes Association/European Association for the Study of Diabetes recently recom-
mend the preferential use of continuous glucose monitoring(CGM) over self-monitoring of blood glucose for the manage-
ment of type 1 diabetes (T1DM). For most adults with T1DM, the recommended target time in range is > 70% with < 4% 
time below range. In Ireland, CGM use has become increasingly popular since 2021. We aimed to audit adult CGM use and 
analyse CGM metrics in our cohort of adults with diabetes attending a tertiary diabetes centre.
Methods People with diabetes who were using DEXCOM G6 CGM devices, and sharing their data with the healthcare 
team on the DEXCOM CLARITY for healthcare professionals platform were included in the audit. Clinical information, 
glycated haemoglobin (HbA1c) and CGM metrics were gathered retrospectively from medical records and the DEXCOM 
CLARITY platform.
Results Data were available for 119 CGM users, 96.9% with T1DM, median age 36 years (IQR = 20) and median diabetes 
duration 17 years (IQR = 20). Fifty-three per cent of the cohort was male. Mean time in range was 56.2% (SD = 19.2) and 
mean time below range was 2.3% (SD = 2.6). Mean HbA1c in CGM users was 56.7 mmol/mol (SD = 13.1). This represented 
a decrease of 6.7 mmol/mol compared to the last HbA1c measurements available pre-commencement of CGM (p ≤ 0.0001, 
CI 4.4–8.9). The percentage of people in this cohort with a HbA1c < 53 mmol/mol was 40.6% (n = 39/96), compared to 
17.5% (n = 18/103) pre-commencement of CGM.
Conclusions Our study highlights the challenges in optimising the use of CGM. Our team aims to focus on providing 
additional education to CGM users, more frequent touch-base virtual reviews and increasing access to hybrid closed-loop 
insulin pump therapy.
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Introduction

Improvements in sensor accuracy, ease of use and expanding 
reimbursement strategies have seen increased adoption of 
continuous glucose monitoring (CGM) systems for people 
with type 1 diabetes mellitus (T1DM) in recent years [1, 2].

Randomised trials have demonstrated significant clinical 
benefit of CGM use in people with diabetes regardless of 
insulin delivery method including improvements in glycated 
haemoglobin (HbA1c), less hypoglycaemic events and bet-
ter diabetes specific quality of life measures (i.e. diabetes 

distress, hypoglycaemic confidence) [3–7]. There is also evi-
dence to suggest that CGM can be used successfully in peo-
ple with poorly controlled type 2 diabetes mellitus (T2DM), 
not on insulin therapy, to facilitate improved lifestyle choices 
and medication adherence [8, 9]. CGM was defined as the 
standard for glucose monitoring over capillary blood glu-
cose monitoring for most adults with type 1 diabetes in the 
2021 consensus report by the American Diabetes Associa-
tion (ADA) and the European Association for the Study of 
Diabetes (EASD) [10].

Standardisation of CGM data presentation in the form of 
the Ambulatory Glucose Profile (AGP) has been developed 
to assist clinicians and people with diabetes identify glucose 
patterns to guide clinical decision-making [11]. In 2019, the 
Advanced Technologies and Treatments for Diabetes (ATTD) 
consensus published recommendations on clinical targets for 
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CGM metrics including time in range, time below range and 
time above range [2].

The aim of this audit was to evaluate current CGM use in 
Beaumont Hospital; we aimed to assess the clinical character-
istics of people using DEXCOM CGM in this tertiary diabetes 
centre, the impact of initiation of DEXCOM CGM on HbA1c 
and to identify what proportion of CGM users are achieving 
glycaemic targets.

Methods

People with diabetes who were prescribed DEXCOM CGM 
and who were sharing their data on the DEXCOM CLARITY 
platform in a single tertiary centre were identified. This ser-
vice cares for approximately six thousand people with T2DM 
and approximately one thousand three hundred people with 
T1DM. People do not have formal training as part of initia-
tion of the technology. Educational opportunities arise with 
health care staff at clinic appointments as well as diabetes day 
centre visits.

Data on age, gender, diabetes type and duration, and dura-
tion of CGM use were obtained from the CELLMA electronic 
medical records software. Data on CGM metrics were collected 
from the DEXCOM CLARITY Web-based platform. Data col-
lection was undertaken in November and December 2021.

In keeping with international consensus on CGM report-
ing guidelines, we recorded time in range (% of glucose 
readings 3.9–10 mmol/L), time above range (% of glucose 
readings > 10.0 mmol/L), time below range (% of glucose 
readings < 3.9 mmol/L), glucose variability and percentage 
time CGM active. These glycaemic metrics were collected 
and analysed for the first 14 days of CGM use and the 14 days 
prior to data collection (November/December 2021).

We also recorded the most recent HbA1c prior to the com-
mencement of CGM and the most recent available HbA1c, 
whilst using CGM from time of data collection (November/
December 2021).

Descriptive statistics for demographic and clinical data are 
reported as number and percentage. Discrete variables are 
reported as median, interquartile range and range. Continuous 
variables are reported as mean, standard deviation and range. 
A paired t-test was used with a p-value of < 0.05 considered 
statistically significant. Associations between continuous vari-
ables including age, baseline HbA1c and change in HbA1c 
were measured by linear regression. Statistical analysis was 
performed using Prism GraphPad 9.0.

Results

One hundred and forty-eight people were registered on the 
DEXCOM CLARITY for health care professionals’ plat-
form. One hundred and nineteen people were sharing data 

that was available for review and included in this audit 
(Table 1). The median age of this cohort was 36 years 
(IQR = 20). Fifty-three per cent were male (n = 63) with a 
median duration of diabetes of 17 years (IQR = 18). The 
median duration of CGM use was 12 months (IQR = 9). The 
mean pre-CGM HbA1c was 64.3 mmol/mol (SD = 14.4). 
The majority of patients included 97.5% (n = 116) who had 
type 1 diabetes, whilst the remaining had type 2 diabetes. 
Demographic data is outlined in Table 1.

Across the study population, mean HbA1c improved from 
64.3 mmol/mol (SD = 14.4) to 57.6 mmol/mol (SD = 13.1), 
a decrease of 6.7 mmol/mol (p ≤ 0.0001, CI 4.4 – 8.9). 
This change in HbA1c from pre-CGM to follow-up is 
displayed in Fig. 1. The percentage of CGM users with a 
HbA1c < 53 mmol/mol increased from 17.5% (n = 18/103) 
to 40.6% (n = 39/96).

When looking at the change in CGM metrics from onset 
of CGM to follow-up, we found no statistically significant 
change in average glucose (9.5 mmol/L ± 1.8 mmol/L to 
9.8 mmol/L ± 2.1 mmol/L, p = 0.09); percentage time in 
range (59.2% ± 18.04% to 56.2% ± 19.2%, p = 0.089); per-
centage time above range (38.5% ± 18.8% to 41.5% ± 20.6%, 
p = 0.1); percentage time below range (2.3% ± 2.8% to 
2.3% ± 2.6%, p = 0.88); glucose variability (3.3 SD mmol/L 
to 3.4 SD mmol/L, p = 0.15); or percentage time CGM active 
(93.3% ± 9.8% to 92.5% ± 12.3%, p = 0.5). Table 2 outlines 
HbA1c and CGM metrics at onset of CGM and follow-up.

Change in HbA1c was positively associated with baseline 
HbA1c as reflected in a larger reduction in HbA1c achieved 
with higher baseline HbA1c (Pearson r =  − 0.48, CI − 0.63 
to 0.3, p ≤ 0.0001). We found no significant correlation 
between age or duration of CGM monitoring and change 
in HbA1c.

Table 1  Patient characteristics

Total number of patients registered on CLARITY 148
Total number patients sharing on CLARITY, 

number (%)
119 (80.4%)

Age, years
    Median (IQR) [range] 36 (20) [16–73]

Gender, number (%)
    Female 56 (47%)
    Male 63 (53%)

Diabetes type, number (%)
    Type I 116 (97.5%)
    Type II 3 (2.5%)

Duration of diabetes, years
    Median (IQR) [range] 17 (18) [< 1–53]

Duration of CGM, months
    Median (IQR) [range] 12 (9) [1–60]
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Discussion

This audit demonstrates that despite good engagement with 
the technology, as evidenced by an excellent percentage 
time that CGM is active, the majority of CGM users (79%) 

were not meeting the targets set by the CGM International 
Vonsensus report in regard to time in range (target > 70% 
of readings between 3.9 and 10.0 mmol/L), and time above 
range (< 25% of readings > 10.0 mmol/L) [2]. However, 80% 
of CGM users were meeting the target time below range 
(< 4% of readings < 3.9 mmol/L) [2]. This is consistent with 
data from a UK centre study on the impact of flash glucose 
monitoring (FGM) and real-time continuous glucose moni-
toring (RT-CGM) on glycaemic outcomes in 789 adults with 
type 1 diabetes. In their cohort, 23% of FGM users and 32% 
of RT-CGM users achieved > 70% of time in range and 70% 
of RT-CGM and 58% of FGM users spent less than 4% time 
below range [12]. This data therefore highlights the chal-
lenges in optimising the use and maximising the efficacy 
of CGM devices and other diabetes technologies in people 
with T1DM.

Continuous glucose monitoring overwhelmingly has been 
shown to contribute to improvements in diabetes-specific 
quality of life measures and overall treatment satisfaction 
[3, 5, 7]. As these technologies are invasive and provide 
large volumes of data to people with diabetes and health care 
providers however, they also have the potential to impact 
negatively on patient treatment satisfaction as well as health 
care resources [13]. There is also suggestion that technology 
in isolation does not improve glycaemic control. A study of 
over 22,000 people with T1DM carried out in the USA dem-
onstrated no improvement in overall HbA1c over a 5-year 
period despite an increase in CGM and pump use [14].

A number of interventions have been shown to improve 
the efficacy of diabetes technology and mitigate these risks 
including diabetes education and training. A randomised 

Fig. 1  Change in HbA1c from baseline to follow-up

Table 2  HbA1c and CGM 
metrics at onset of CGM and 
follow-up

Onset of CGM Follow-up

HbA1c, mmol/L
Mean (SD) [range]

64.3 (14.4) [29–116] 57.6 (13.1) [32–116]

HbA1c < 53 mmol/mol, number (%) 18/103 (17.5) 39/96 (40.6)
Mean glucose, mmol/L
Mean (SD) [range]

9.5 (1.8) [5.7–16.4] 9.8 (2.1) [6.1–18.5]

Time in range, % of readings 3.9–10 mmol/L
Mean (SD) [range]

59.2 (18.04) [8.6–99.3] 56.2 (19.2) [1.6–96.1]

 > 70% time in range, number (%) 29/117 (24.8) 26/119 (21.8)
Time above range, % of readings > 10.0 mmol/L
Mean (SD) [range]

38.5 (18.8) [0–91.4] 41.5 (20.6) [1.9–98.4]

 < 25% time above range, number (%) 26/117 (22.2) 22/119 (18.5)
Time below range, % of readings < 3.9
Mean (SD) [range]

2.3 (2.8) [0.0–19.4] 2.3 (2.6) [0.0–16.0]

 < 4% time below range, number (%) 96/117 (82.1) 96/119 (80.7)
Glucose variability (SD mmol/L)
Mean (SD) [range]

3.3 (0.8) [0.8–5.7] 3.4 (0.9) [0.52–5.7]

% Time CGM active
Mean (SD) [range]

93.3 (9.8) [43.4–99.8] 92.5 (12.3) [15.5–100]

 > 70% active CGM time, number (%) 111/117 (94.9%) 113/119 (95.0%)
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control trial in 2019 demonstrated a significant reduction 
in HbA1c, and improved time in range and diabetes distress 
scores with a structured education programme for people 
using flash sensor-based glucose monitoring [15]. For those 
who choose systems with active alarms and alerts, personal-
ising these settings can prevent alarm fatigue whilst giving 
people specific instructions on how to respond to alarms can 
reduce the time spent in hypo- or hyper- glycaemia [16, 17]. 
It is also important to monitor for skin irritation and poor 
sensor adhesion as these factors may limit persistent device 
use and these issues can be successfully managed with topi-
cal barrier creams and CGM patches respectively [16].

The integration of CGM with pump technology in the 
form of sensor-augmented pumps with predictive low glu-
cose suspend function and hybrid closed loop systems has 
also demonstrated significant benefits including reduction of 
hypoglycaemic events, improved TIR and improved HbA1c 
[18–21]. Improving access to those systems, for those likely 
to gain the most benefit, should be a priority for health care 
professionals going forward.

In this audit, CGM use was associated with a statisti-
cally significant reduction in HbA1c of 6.7 mmol/mol. 
This is consistent with other studies. Data from over 10,000 
FreeStyle Libre (FSL) flash glucose monitoring device 
users in the UK demonstrated a − 5.2 mmol/mol change in 
HbA1c after 7.5 (IQR 3.4–7.8) months of follow-up as well 
as improved hypoglycaemia awareness and a reduction in 
hospital admissions [22]. Similarly, the GOLD trial of 161 
people with type 1 diabetes showed a 0.43% improvement 
in HbA1c during CGM compared with self-monitoring of 
blood glucose [5]. Of course, the retrospective nature of this 
audit means we cannot exclude the possibility that other 
changes to our cohorts care or behaviour may have impacted 
on the change in glycaemic control. The COVID-19 pan-
demic may have impacted our findings as the study was car-
ried out at the end of 2021. Indeed, an Irish observational 
study carried out during the first COVID lockdown dem-
onstrated a significant reduction in HbA1c post lockdown 
[23]. Lifestyle and behavioural changes as well as people 
attempting to improve glycaemic control due to fears of a 
more severe disease should they be infected with COVID-19 
may be implicated.

Interestingly, in our cohort, there was no statically 
significant change in CGM metrics at initiation of CGM 
when compared to follow-up. This suggests that the ben-
efits of CGM begin at initiation of the technology. This is 
mirrored in a recent meta-analysis investigating the opti-
mal duration of a run-in period for initiating unblinded 
real-time CGM in a randomised trial. This concluded that 
improvements in CGM metrics occurred rapidly, with 
maximal effect achieved within 1–2 weeks [24]. This lack 
of change in CGM metrics over time however could also 

reflect the variable duration of CGM use in our population 
or our relatively small sample size.

Our cohort had a mean baseline HbA1c of 64.3 mmol/L, 
which is slightly lower than the nationally reported aver-
age HbA1c for people with T1DM in Ireland [26]. Previ-
ous CGM studies typically have a higher baseline HbA1c 
[4, 5, 13, 25]. The participants in the DIAMOND trial 
had a mean baseline HbA1c of 8.6% [SD, 0.6%]; however, 
the improvement in HbA1c in their randomised control 
trial was similar to what we have reported in this audit 
[4]. We demonstrated a positive association between base-
line HbA1c and reduction in HbA1c in our study. It is 
well established that a higher HbA1c corresponds with 
an increased mortality and an increased risk of diabetes-
related complications [27–30]; hence, expanding interven-
tions to improve glycaemic control in this cohort is hugely 
important. Recently published ADA and EASD consensus 
guidelines recommending CGM as the preferred method 
for glucose monitoring in type 1 diabetes as well as recent 
NICE guidance recommending FGM or RT-CGM in adults 
with type 1 diabetes as well as type 2 diabetes under cer-
tain conditions should expand the availability of these 
technologies [10, 31, 32].

Our audit has some limitations; firstly, the timeline to 
availability of laboratory HbA1c measurements varied 
during the review. The median time from HbA1c collec-
tion to follow-up was 2 months ± 4 months and from col-
lection to CGM initiation was 3 months ± 4 months. As our 
study timeline overlapped with the COVID-19 pandemic, 
we assume this contributed to limited patient contact with 
services. There was also significant variation in the dura-
tion of CGM monitoring in our population with a median 
duration of 12 months (± 9 months) with 12.6% of patients 
(n = 15/119) using CGM for 3 months of less.

In conclusion, this audit demonstrates that although a 
statistically significant improvement in glycaemic control 
occurs with CGM use, the majority of CGM users attend-
ing our services have suboptimal time in range highlight-
ing the challenges in optimising the use of CGM in people 
with T1DM. Our team aims to focus on providing additional 
education to CGM users, more frequent touch-base virtual 
reviews and increasing access to hybrid closed-loop insulin 
pump therapy.
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