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Introduction Many people with type 1 diabetes 

continue to run high HbA1c levels with associated 

elevated risk of cardiovascular events and increased 

mortality. We describe here how use of the FreeStyle Libre 

flash monitor has improved the glycaemic control of many 

people with type 1 diabetes where the new technology has 

been intensively deployed.

Methods We report the outcomes of 92 consecutive 

adults (18 years of age or more) with type 1 diabetes 

who have begun using the FreeStyle Libre flash glucose 

monitor in East Cheshire, UK. Initiation was with education 

and support from one of the diabetes specialist nurses. An 

HbA1c of 60 mmol/mol (7.6%) was taken as the threshold 

for suboptimal glycaemic control.

Results The mean cohort age was 43 years for men 

and 39 years for women (overall range 17–83 years). In 

92 consecutive users, HbA1c decreased by an average of 

10.7 mmol/mol (0.98%) after 3 months, and by 16.1 mmol/

mol (1.47%) after 6 months. There was also a narrowing of 

the distribution of HbA1c, with many fewer people running 

high HbA1c ≥80 mmol/mol (9.5%). After the 6-month 

follow-up, two 2/92 users did not wish to continue with 

the monitoring.

Conclusion Flash glucose monitoring has great 

potential for the management of type 1 diabetes in 

the adult population and improving metabolic control/

quality of life for people across the world. The technology 

provides significantly more data than the intermittent 

results obtained by traditional subcutaneous blood 

glucose monitoring, which may not capture intervals 

of extreme variability or nocturnal events. Cardiovasc 
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Introduction
The achievement of better glycaemic control remains 

a challenge for people with type 1 diabetes and their 

healthcare professionals. Continuous glucose monitor-

ing (CGM) devices display an estimate of blood glucose 

levels, along with trends in direction, in real-time, and in 

the eyes of many, they are proving to be a step-change in 

diabetes management. Use of CGM is associated with a 

reduction in HbA
1c

 [1].

Flash glucose monitoring, allows users retrospectively to 

review the preceding 8 hours of continuous glucose data 

[2], along with a contemporary estimated blood glucose 

value and trend line. The glucose data are made availa-

ble when the user chooses to swipe the reader over the 

sensor which, in the case of the FreeStyle Libre monitor, 

remains in place for up to 14 days.

Despite major advances in the pharmacological management 

of type 1 diabetes in recent years [3] and increasing access to 

expert patient programmes, many people with type 1 diabetes 

have continued to run high HbA1c levels [4,5]. Poor glycaemic 

control is associated with increased likelihood of cardiovascular 

disease and associated events [6–9].

In the area of Eastern Cheshire, UK, the diabetes spe-

cialist nurse (DSN) team has been an early adopter of 

flash blood glucose monitoring. We describe here how 

use of the FreeStyle Libre flash monitor has improved 

the glycaemic control of many people with type 1 dia-

betes where the new technology has been intensively 

deployed.

The DSN team in Eastern Cheshire, UK work across a 

mixed urban and rural catchment area south of the conur-

bation of Greater Manchester. They provide an outreach 

service to general practitioner practices across the area, 

as well as clinics at a central location. There are at least 

1000 people known to have type 1 diabetes in Eastern 

Cheshire, of whom the majority are managed in primary 
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care. The specialist service sees people with type 1 dia-

betes in an episodic care model so once glycaemia has 

been stabilised, the person with diabetes is again looked 

after in primary care.

Since Spring 2018, the DSN team has been offering the 

FreeStyle Libre flash glucose monitor for type 1 diabetes 

management. The FreeStyle Libre is offered according 

to the National Institute for Health and Care Excellence 

(NICE) guidance [10]. Three individuals declined to use 

the device when it was offered to them. We report here 

the outcome of deploying this technology.

Study methods

We report the outcomes of 92 consecutive adults (18 

years of age or more) with type 1 diabetes who have 

begun using the FreeStyle Libre flash glucose monitor. 

Initiation was with education and support from one of the 

DSNs. An HbA1c of 60 mmol/mol (7.6%) was taken as 

the threshold for suboptimal glycaemic control. Baseline 

characteristics are given in Table 1. There was no differ-

ence by gender in baseline HbA1c.

HbA1c was measured using the Menarini autoanalyser 

(Menarini Diagnostics UK, Wokingham, Berkshire, UK). 

HbA1c was recorded at baseline, 3 months after the 

start of monitoring in all users, and after 6 months in the 

majority of users. BMI was recorded at the time of initia-

tion of monitoring.

Most changes made were in the dose rather than the type 

of insulin. None of the participants attended an expert 

patient programme during the follow-up period nor had 

attended such a programme in the previous 12 months.

This was a quality improvement project. Ethics approval 

was not obtained for this study, as the intervention 

was part of standard care according to the NICE guid-

ance (NICE 2016) [8]. All individual patient data were 

anonymised prior to statistical analysis.

Statistical analysis

Multiple linear regression was employed to explore the 

predictors of HbA1c. Kernel Density Estimation is a 

non-parametric way to estimate the probability density 

function of a random variable. Kernel density estimation 

is a fundamental data smoothing problem where infer-

ences about the population are made, based on a finite 

data sample.

Results
The mean cohort age was 43 (SD 16.2) years for men and 

39 (SD 14.2) years for women (overall range 17–83 years); 

42 (45.7%) of the participants were female. Baseline 

demographics are detailed in Table 1.

One of the 92 individuals was on a mixed insulin regimen 

(NovoMix 30) and three were on an insulin pump. One 

person was giving themselves bovine insulin. The rest 

were on a basal-bolus regime with either Insulin detemir, 

glargine or degludec as the long-acting insulin and either 

insulin aspart, glulisine or lispro as the short-acting 

insulin.

The mean preintervention HbA1c was 83.0  mmol/mol 

[95% confidence interval (CI) 79.2–86.7  mmol/mol]. At 

3 months after the intervention, mean HbA1c fell signif-

icantly to 72.3 mmol/mol (95% CI 68.6–76.1 mmol/mol), 

a reduction of 10.7  mmol/mol (95% CI 5.7–15.7  mmol/

mol; P < 0.0001).

At 6 months, mean HbA1c had fallen further by a sum 

total 16.1  mmol/mol (2.5%) compared with baseline (P 

< 0.0001) to 66.9 mmol/mol (95% CI 63.4–70.4) (8.3%). 

The greatest HbA1c reduction at the 6-month follow-up 

was by 87 mmol/mol (10.1%).

Over the follow-up period, there was not only a fall in 

mean HbA1c but also a narrowing of the distribution of 

HbA1c (Fig. 1), with a lower proportion of high outliers: 

there were significantly fewer people with HbA1c lev-

els of ≥80 mmol/mol (9.5%) (seven people at 6 months 

compared with 24 at baseline). The baseline data starts 

at 60  mmol/mol (7.6%) as no one in this study had an 

HbA1c below this as the threshold for suboptimal glycae-

mic control. Kernel density estimation is a fundamental 

data smoothing model where inferences about the popu-

lation are made, based on a finite data sample.

We have also shown changes in HbA1c over time for 

(baseline, 3 and 6 months) for representative individu-

als at the mid point (orange) of starting HbA1c and at 

the upper (grey) and lower (blue) extremes of pre-Libre 

HbA1c (Fig. 2). The overall fall in HbA1c at various lev-

els of starting HbA1c is clear.

Box plots were created for the HbA1c distributions at 

baseline, 3 and 6 months with the actual data points over-

lying each plot also added. These demonstrate as does the 

Kernel Density plot, the significant reduction in HbA1c 

(Fig. 3) with a mean 16.1 mmol/mol (2.5%) reduction at 6 

months from first use of the FreeStyle Libre device.

The tri-monthly average Libre blood glucose measure-

ments were as follows. The mean blood glucose test 

results for baseline were 7.5  mmmol/L decreasing to 

6.8 mmmol/L at 3 months and 6.4 mmmol/L at 6 months. 

These are plotted vs HbA1c at the same time points 

in Fig.  4. The overall Pearson correlation r was 0.68,  

P = 0.002.

Table 1 Baseline characteristics by sex

Men (n = 43) Women (n = 39)

Age (years) (SD) 45.6 (16.2) 46.2 (14.2)
BMI (kg/m2) (SD) 26.7 (5.6) 25.6 (5.7)
Duration of T1DM (years) (SD) 18.3 (13.5) 22 (13.1)
Baseline HbA1C (mmol/mol) (SD) 83.7 (18.2) 82.5 (21.4)

T1DM, type 1 diabetes.
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Sex had no significant effect on the changes in HbA1c 

nor did duration of diabetes. In multiple regression mod-

elling, increasing age was associated with a lesser fall in 

HbA1c at 6 months (β = –0.289; P = 0.04) independent 

of BMI and sex. However, this association disappeared 

when HbA1c at baseline was included in the model (for 

Fig. 1

Kernel density plot of HbA1c in FreeStyle Libre users with type 1 diabetes (n = 92) at baseline and after 3 and 6 months follow-up.

Fig. 2

Changes in HbA1c over time for (baseline, 3 months and 6 months) for individuals at the mid point (orange) of starting HbA1c and at the upper 
(grey) and lower (blue) extremes of pre-Libre HbA1c.
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Fig. 3

Box plots for the HbA1c distributions at baseline, 3 months and 6 months with the actual data points also added.

Fig. 4

Average Libre blood glucose measurements for baseline, 3 months and 6 months. Plotted vs. HbA1c at the same time points.
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relation of change HbA1c vs baseline HbA1c, β = 0.587; 

P < 0.001).

We have shown in Table  2 the individual factors at 

baseline and interactions with HbA1c along with the 

coefficient and the corresponding P values from this anal-

ysis. HbA1c was related to lower BMI and lower age at 

baseline.

None of the users discontinued the Libre over the 

6-month follow-up period. Four users reported some mild 

skin irritation at the site of the monitor but this was not 

sufficient to result in discontinuation. After the 6-month 

follow-up, two users did not wish to continue with the 

monitoring as they were happy to return to their previous 

blood glucose monitor.

Discussion
We have here provided persuasive evidence for the effec-

tiveness of flash blood glucose monitoring in improving 

glycaemia in type 1 diabetes individuals who have a 

history of high blood glucose levels, in some cases over 

a number of years. The mean reduction in HbA1c was 

16.1  mmol/mol (2.5%) (in these individuals. This tech-

nology has the potential to help people across the world 

manage their diabetes more effectively and although 

local in its nature, is global in its implications.

The reduction in HbA1c that we found may well be 

associated with better cardiovascular outcomes as time 

goes forward for these individuals [6–10]. There was no 

influence of age, sex or duration of diabetes as covariates 

known to be associated with glycaemic outcomes, on the 

outcome when adjustment was made for starting HbA1c.

Flash glucose monitoring is an effective tool with great 

potential for the management of type 1 diabetes in the 

adult population that can help people to improve meta-

bolic control and quality of life. The technology provides 

significantly more data than the intermittent results 

obtained by traditional subcutaneous blood glucose 

monitoring, which may not capture intervals of extreme 

variability or nocturnal events and does not permit vis-

ualisation of trends.

For those individuals who drive conventional capil-

lary blood glucose monitoring continued as per United 

Kingdom Driver and Vehicle Licensing Agency (DVLA) 

guidance [11].

With the help of a record of insulin dosing, meal intake, 

physical activity and stress factors, people with type 1 dia-

betes can achieve the full benefits of flash glucose mon-

itoring and work together with healthcare professionals 

to act upon the information provided by the sensor. The 

graphs and trends available with flash glucose monitor-

ing allow an understanding of how different factors (e.g. 

physical activity and diet) impact glycaemic control, con-

sequently motivating people with type 1 diabetes to take 

charge of their health [12]. This approach to blood glu-

cose monitoring has the advantage of preventing hypo- 

and hyperglycaemic events through the blood glucose 

trend system [2]. However, flash monitoring is different 

from CGM in that it only provides data on demand and, 

as such, is unable to provide alerts; it has no alarm feature 

and so is it not suitable for individuals who have a lack of 

hypoglycaemia awareness.

In addition to a fall in mean HbA1c, the proportion of 

outliers with high HbA1c fell. This is likely to have pos-

itive consequences over time owing to reduced compli-

cation rates, as demonstrated in the Diabetes Control 

and Complications Trial/Epidemiology of Diabetes 

Interventions and Complications study [13].

None of the users in this study attended a struc-

tured expert patient programme during the 6-month 

follow-up or in the previous 12 months. Therefore, 

the changes in glycaemia are likely to be a result of 

modifications in insulin dose and lifestyle made as a 

consequence of the information provided by the flash 

glucose monitor

Side effects of itchiness and skin irritation were mini-

mal, as reported elsewhere [12]. Although we have not 

reported it formally here, the feedback from users of flash 

monitoring was very positive, with little desire to move 

back to finger-prick monitoring as a way of measuring 

blood glucose through the day. Only two out of 92 peo-

ple wished to discontinue the Libre after 6 months. For 

those individuals who drove, use of conventional capil-

lary blood glucose monitoring continued when driving, as 

per DVLA guidance at the time [11].

In terms of strengths, we have used national-level data 

for the UK. In terms of limitations, we accept that par-

ticipant numbers relatively low but we feel that we have 

enough participants to justify our confusions.

Conclusion

We have shown that flash glucose monitoring is an effec-

tive tool in improving glycemic control in people with 

not well-controlled type 1 diabetes. This has significant 

health-economic implications which remain the topic of 

intense discussion.

If sustained, the improvements seen here in glycaemic 

control should associate with reduced cardiovascular risk 

as time goes forward.

Table 2 Regression analysis of HbA1c vs. the individual factors 
measured at baseline

Results of mixed model (two-level linear regression model)

Predictors Regression coefficient 95% CI P-value

Age −0.29 −0.53 to −0.05 0.019
Sex −4.04 −11.14 to 3.05 0.264
Female
BMI −0.73 −1.40 to −0.06 0.032

CI, confidence interval.
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