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Abstract
Aims: The FLASH- UK trial showed lower HbA1c with intermittently scanned 
continuous glucose monitoring (isCGM), as compared with self monitoring of 
blood glucose (SMBG), in adults with type 1 diabetes and HbA1c ≥58 mmol/
mol (≥7.5%). Here, we present results from the pre- specified subgroup analysis 
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1  |  INTRODUCTION

Type 1 diabetes (T1D) involves lifelong insulin therapy, 
usually through multiple daily injections or an insu-
lin pump. Regular monitoring of blood glucose levels 
is necessary to adjust insulin doses and maintain stable 
glucose levels. Still, many struggle to self monitor blood 
glucose (SMBG) by finger pricks at the frequency needed 
to guide insulin dose adjustment, often due to pain and 
inconvenience.1– 3 Consequently, glycaemia remains 
above target values in most people living with T1D;4 this 
increases the risk of longer term complications such as 
nephropathy, neuropathy and retinopathy. The develop-
ment of continuous glucose monitoring (CGM) systems 
has enabled glucose to be monitored without fingerprick 
tests.5 The FreeStyle Libre System (FSL) (Abbott Diabetes 
Care, Oxon, UK) is an intermittently scanned continuous 
glucose monitoring (isCGM) allowing the use of a mobile 
phone or reader to scan (‘flash’) a subcutaneously placed 

sensor.6 Launched in Europe in 2020, the FreeStyle Libre 
2 (FSL2) includes optional threshold alarms to alert users 
of hypoglycaemia and/or hyperglycaemia.

We recently conducted a randomised controlled trial 
(RCT), ‘The FLASH- UK study’,7 to investigate the effi-
cacy and safety of isCGM with optional alarms in adults 
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for the 24- week HbA1c (primary outcome) and selected sensor- based secondary 
outcomes.
Methods: This was a multi- centre, parallel- design, randomised controlled trial. 
The difference in treatment effect between subgroups (baseline HbA1c [≤75 vs. 
>75 mmol/mol] [≤9.0 vs >9.0%], treatment modality [pump vs injections], prior 
participation in structured education, age, educational level, impaired aware-
ness of hypoglycaemia, deprivation index quintile sex, ethnic group and Patient 
Health Questionnaire- 9 [PHQ- 9] detected depression category) were evaluated.
Results: One hundred fifty- six participants (females 44%, mean [SD] baseline 
HbA1c 71 [9] mmol/mol 8.6 [0.8%], age 44 [15]) were randomly assigned, in a 
1:1 ratio to isCGM (n = 78) or SMBG (n = 78). The mean (SD) baseline HbA1c (%) 
was 8.7 (0.9) in the isCGM group and 8.5 (0.8) in the SMBG group, lowering to 
7.9 (0.8) versus 8.3 (0.9), respectively, at 24 weeks (adjusted mean difference −0.5, 
95% confidence interval [CI] −0.7 to −0.3; p < 0.001]. For HbA1c, there was no 
impact of treatment modality, prior participation in structured education, dep-
rivation index quintile, sex or baseline depression category. The between- group 
difference in HbA1c was larger for younger people (a reduction of 2.7 [95% CI 
0.3– 5.0; p = 0.028] mmol/mol for every additional 15 years of age). Those with 
HbA1c 76– 97 mmol/mol (>9.0%– 11.0%) had a marginally non- significant higher 
reduction in HbA1c of 8.4 mmol/mol (3.3– 13.5) compared to 3.1 (0.3– 6.0) in those 
with HbA1c 58– 75 mmol/mol (p = 0.08). For ‘Time in range’ (% 3.9– 10 mmol/L), 
the difference was larger for those with at least a bachelor's degree. For ‘Time 
below range’ (% <3.9 mmol/L), the difference was larger for those using injec-
tions, older people and those with less than bachelor's degree.
Conclusions: Intermittently scanned continuous glucose monitoring is gener-
ally effective across a range of baseline characteristics.

K E Y W O R D S

continuous blood glucose monitoring, deprivation, insulin, type 1 diabetes

What's new?

• When using is CGM, There was no impact of 
treatment modality, of prior participation in 
structured education, deprivation, sex or de-
pression category on HbA1c.

• Younger participants had a larger reduction in 
HbA1c, “time above range”, and mean glucose.

• “Time in range” was greater for more educated 
participants.

mailto:lalantha.leelarathna@manchester.ac.uk
mailto:lalantha.leelarathna@manchester.ac.uk
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with Type 1 diabetes and high HbA1c (≥58 mmol/mol 
[≥7.5%]) compared with traditional SMBG. Results of 
the trial8 showed improved HbA1c (adjusted mean dif-
ference −5 mmol/mol, 95% confidence interval [CI] −8 
to −3 mmol/mol; [−0.5%, 95% CI −0.7 to −0.3; p < 0.001]) 
and sensor- based metrics with the use of isCGM. This 
analysis assesses the heterogeneity of treatment effects in 
HbA1c and key sensor- based metrics between a range of 
pre- specified subgroups, including baseline HbA1c cate-
gory (≤75 vs >75 mmol/mol] [≤9.0 vs >9.0%], age, gender, 
treatment modality, educational attainment, economic 
deprivation (measured using deprivation index quintile) 
and depression status and may provide useful information 
about the impact of isCGM in different subgroups, driving 
future research and hypothesis generation.9

2  |  METHODS

‘FLASH- UK’ was an open- label, multi- centre, randomised 
(1:1), parallel- group trial conducted at seven UK special-
ist diabetes clinics and one primary care centre (a list 
of participating centres and investigators is provided 
in Appendix  S1). The trial design, funding and conduct 
were independent of the device manufacturer and con-
ducted in accordance with the Declaration of Helsinki 
Ethical Principles for Medical Research involving 
Human Subjects (October 2000) with oversight from Trial 
Steering and Independent Data Monitoring Committees. 
The protocol was approved by Greater Manchester West 
Research Ethics Committee on 21/03/2019 (Reference 19/
NW/0081). The study protocol and key HbA1c and sensor 
results have been previously published.7,8

2.1 | Participants

People ≥16 years, with T1D for at least 1 year and HbA1c 
58 mmol/mol (7.5%) to 97 mmol/mol (11.0%) either on 
continuous subcutaneous insulin infusion (CSII) or mul-
tiple daily injections (MDI) were eligible. Key exclusion 
criteria were current users of CGM or isCGM, pregnancy/
planned pregnancy or complete loss of hypoglycaemia 
awareness. A full list of inclusion and exclusion criteria is 
provided in Appendix S1. Participants were provided with 
oral and written information about the trial before written 
informed consent was obtained.

2.2 | Trial procedures

Participants were randomised (1:1) to isCGM or SMBG 
using stochastic minimisation. The intervention was the 

CE marked FreeStyle Libre 2 (FSL2, Abbott Diabetes Care, 
Oxon, UK) isCGM device with optional alerts. The control 
group continued with their usual SMBG monitoring. The 
study consisted of six visits for those in the isCGM arm 
and seven visits in the SMBG arm (Appendix  S1). Due 
to the COVID- 19 pandemic, study visits were conducted 
in person or virtually. All participants underwent pre- 
randomisation- blinded CGM (using the Freestyle Libre 
Pro CGM device for between 10 and 14 days). Education 
about utilising sensor and fingerprick glucose data and 
treatment optimisation were provided at randomisation, 
4 and 12 weeks to both arms equally. HbA1c was meas-
ured at screening, 12 and 24 weeks. Sensor- based out-
comes were calculated using GStat software, version 2.3 
(University of Cambridge, Cambridge, UK).

2.3 | Outcomes

The primary outcome of the FLASH- UK trial was the 
HbA1c level at 24 weeks post- randomisation. Pre- specified 
sensor- based secondary outcomes included percentage 
time in the target range of 3.9– 10 mmol/L (TIR), percent-
age time in hypoglycaemia (TBR) (<3.9 and 3.0 mmol/L), 
percentage time above range >10 mM (TAR) and glucose 
variability (standard deviation and coefficient of variation). 
A full list of trial outcomes is included in Appendix  S1, 
and the results have been previously published.8

2.4 | Planned subgroups

Pre- specified subgroup analyses included a comparison 
between the following categories:

• Baseline HbA1c category: 58– 75 mmol/mol (7.5%– 
9.0%); >75– 97 mmol/mol (>9.0%– 11.0%)

• Treatment modality: Continuous Subcutaneous Insulin 
Infusion (CSII), also known as insulin pump; Multiple 
Daily Injections (MDI);

• Prior participation in any structured education course 
(DAFNE, BERTIE or any other local course): Yes; No

• Age group at recruitment: 16 to <30; 30 to <45; 45 to 
<60; ≥60 years

• Educational level: <Bachelor's degree; ≥Bachelor's 
degree

• Impaired awareness of hypoglycaemia: No (Clarke 
score ≤3); Yes (Clarke score >3);

• Deprivation Index Quintile (The English Index of 
Multiple Deprivation) (a measure of socio- economic 
status) includes the following domains: income, em-
ployment, education, skills and training, health and 
disability, crime, barriers to housing and services and 
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living environment. Quintile range from 1 to 5, with 
lower quintiles indicating a higher level of deprivation. 
For example, quintile 1 pertains to (approximately) 20% 
of the English population with the highest levels of 
deprivation10

• Sex: Male; Female
• Ethnic group: white; non- white
• PHQ- 9: Mild or no depression (items sum score <10); 

Moderate or severe depression (items sum score ≥10).

2.5 | Statistical analysis

Analyses included only those participants who had pro-
vided data for the corresponding outcome at 24 weeks. 
Outcomes were analysed with the use of a linear mixed 
model, with the trial group, baseline HbA1c level, treat-
ment modality (pump vs injections), previous partici-
pation in a structured education programme regarding 
diabetes, current use of a bolus calculator and, unless 
otherwise included, the baseline value of that outcome 
measure as fixed effects and with the trial centre as a 
random effect. For each subgroup separately, the sub-
group and its interaction with the treatment modality 
were added to the model as fixed factors. If a potential 
linear trend was observed across age groups or depri-
vation quintile, the variable was considered as a linear 
term in the linear mixed model. No imputation was used 
for the primary outcome as the amount of missing data 
was low and similar between trial arms and secondary 
outcome analysis were post hoc and exploratory. A two- 
sided alpha level of 0.05 was used for testing with 95% 
confidence intervals are presented throughout: There 
was no adjustment applied for multiplicity. Descriptive 
analysis by subgroup using mean, median, standard de-
viation (SD), inter- quartile range (IQR) and range was 
performed for key sensor- use variables (average number 
of scans per full 24 h [per day] and percentage use) to 
explore the possible impact of sensor usage on the find-
ings. (Table 1)

3  |  RESULTS

3.1 | Characteristics of the participants 
(Table 1)

Between December 2019 and March 2021, 313 patients 
were screened, and 185 were recruited. Subsequently, 156 
participants were randomly assigned to the isCGM group 
(n = 78) or SMBG group (n = 78), of which 72 (92%) in the 
isCGM group and 69 (88%) in the SMBG group provided 
primary outcome data. The isCGM and SMBG groups had 

similar baseline characteristics (Table  1), with a mean 
(SD) age of 44 (15) years, the duration of diabetes 21 (13) 
years and the baseline HbA1c 71 (9.0) mmol/mol (8.6% 
[0.8]). Almost all (97%) participants were of white ethnic-
ity, 44% were female, 35% were in manual occupation and 
68% had lower than undergraduate degree educational 
achievement.

3.2 | Subgroup analysis for the primary 
outcome, HbA1c at 24 weeks

Results of the subgroup analysis for HbA1c at 24 weeks are 
shown in Figure 1 and Table S1. There was no impact of 
treatment modality, prior participation in structured edu-
cation, deprivation index quintile, sex or Patient Health 
Questionnaire- 9 (PHQ- 9) detected depression category. 
A trend was noted in age categories, with between- group 
differences in HbA1c decreasing approximately linearly 
with increasing age. When investigated as a linear effect, 
the effect of the use of isCGM significantly reduced with 
increasing age (p = 0.028); the size of the reduction in ef-
fect with age was 2.7 (95% CI 0.3– 5.0) mmol/mol for every 
additional 15 years of age. Those with HbA1c between 76 
and 97 mmol/mol (9.1%– 11.0%) had a marginally non- 
significant higher reduction in HbA1c 8.4 mmol/mol 
(3.3– 13.5) compared to 3.1 (0.3– 6.0) in those with HbA1c 
between 58 and 75 mmol/mol (p = 0.08). The effect of edu-
cational level was unclear, with an estimated treatment 
effect of isCGM of a 4.3 (95% CI 1.4– 7.1) reduction among 
those educated to less than degree level compared to a re-
duction of 8.1 (4.0– 12.2) among those educated to degree 
level or higher.

3.3 | Subgroup analysis for the time in 
range (TIR) (% 3.9– 10 mmol/L)

Results of the subgroup analysis for TIR at 24 weeks are 
shown in Figure 2 and Table S2. There was no impact of 
HbA1c category, treatment modality, prior participation in 
structured education, sex or deprivation category. In keep-
ing with the larger between- group difference in HbA1c, 
the estimated between- group difference in TIR was larger 
for younger people, decreasing by 4.1 (95% CI −0.2 to 8.4) 
percentage points for every additional 15 years of age, 
although the confidence interval just spanned 0. Those 
with at least a bachelor's degree achieved higher between- 
group increase in TIR (16.5 percentage points;95% CI 
9.1– 24.0) compared to those less than a bachelor's degree 
(5.9 percentage points;95% CI 0.8– 11.0). A trend of higher 
between- group difference in TIR was also noted in those 
with moderate or severe depression based on PHQ- 9.
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3.4 | Subgroup analysis for the time 
below range (TBR) (%) (<3.9 mmol/L) 
(Figure 3; Table S3) and TBR (%) 
(<3.0 mmol/L) (Figure S1; Table S7)

TBR <3.9 mmol/L: No impact of prior participation in 
structured education, deprivation category, sex, or PHQ- 9 

detected depression category on the between- group dif-
ference in TBR <3.9 mmol/L. Those treated with multi-
ple daily injections had a larger between- group difference 
(−3.9 percentage points [−5.8 to −2.0]) compared to those 
on insulin pump therapy (−0.8 percentage points [−3.1 to 
1.5]). Investigated as a linear effect, the between- group 
difference in TBR was larger for older people, increasing 

T A B L E  1  Demographic and clinical characteristics at baseline.

isCGM (n = 78) SMBG (n = 78) Total (n = 156)

Mean (SD) Age, years 44 (14) 44 (15) 44 (15)

Gender

Male 45 (58) 42 (54) 87 (56)

Female 33 (42) 36 (46) 69 (44)

Ethnic group

White 77 (99) 75 (96) 152 (97)

Non- white 1 (1) 3 (4) 4 (3)

Educational level

Lower than bachelor’s degree 56 (72) 50 (64) 106 (68)

Bachelor’s degree or higher 22 (28) 28 (36) 50 (32)

Occupational type

No occupation 12 (15) 15 (19) 27 (17)

Office based 35 (45) 40 (51) 75 (48)

Manual occupation 31 (40) 23 (29) 54 (35)

Deprivation Index quintile

1 18 (23) 14 (18) 32 (21)

2 8 (10) 9 (12) 17 (11)

3 16 (21) 21 (27) 37 (24)

4 19 (24) 19 (24) 38 (24)

5 17 (22) 15 (19) 32 (21)

Mean (SD) Weight, kg 80.1 (15.7) 83.7 (16.8) 82.0 (16.3)

Mean (SD) BMI, kg m2 27.2 (4.5) 28.2 (4.9) 27.7 (4.7)

Mean (SD) Duration of diabetes 20 (12) 23 (13) 21 (13)

Mean (SD) HbA1c (%) 8.7 (0.9) 8.5 (0.8) 8.6 (0.8)

Mean (SD) HbA1c (mmol/mol) 71.6 (9.5) 69.9 (8.5) 70.8 (9.0)

HbA1C category

7.5%– 9.0% (58– 75 mmol/mol) 58 (74) 59 (76) 117 (75)

>9.0%– 11.0% (>75– 97 mmol/mol) 20 (26) 19 (24) 39 (25)

Prior participation in structured education

Yes 47 (60) 44 (56) 91 (58)

No 31 (40) 34 (44) 65 (42)

Bolus calculator use

No 52 (67) 51 (65) 103 (66)

Yes 26 (33) 27 (35) 53 (34)

Insulin treatment modality

CSII 20 (26) 24 (31) 44 (28)

MDI 58 (74) 54 (69) 112 (72)
Note: Values are presented as number (%), unless stated otherwise.
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by 1.9 (95 CI% 0.2– 3.7) percentage points for every ad-
ditional 15 years of age. Similarly those less than a bach-
elor's degree had a larger between- group difference (−4.0 
percentage points [−5.9 to −2.2]) compared to those with 
at least a bachelor's degree (−0.6 percentage points [−3.2 
to 2.1]).

TBR <3.0 mmol/L: In keeping with the above observa-
tions, those treated with multiple daily injections had a 
larger between- group difference in TBR <3.0 mmol/L as 
well as those with less than a bachelor's degree.

3.5 | Subgroup analysis for the time 
above range (TAR) (>10 mmol/L) (Figure 4; 
Table S4)

The between- group difference in the reduction of TAR was 
significantly larger for younger people, with the effect rela-
tive to SMBG decreasing by 5.9 (95% CI 0.8– 10.9) percent-
age points for each additional 15 years of age. Those with at 
least a bachelor's degree achieved a larger between- group 
reduction in TAR than those without a bachelor's degree.

F I G U R E  1  Subgroup analyses for HbA1c at 24 weeks. The vertical solid line represent the overall effect of isCGM. *SD not calculable for 
isCGM non- white category as n = 1. isCGM, intermittently- scanned continuous glucose monitoring; SMBG, self monitoring of blood glucose.

Baseline HbA1c category
58 – 75 mmol/mol
>75 – 97 mmol/mol

Treatment modality
CSII
MDI

Prior participation in structured education
Yes
No

Age
<30 years old
30-45 years old
45-60 years old
>60 years old

Educational level
Less than a bachelors degree
At least a bachelors degree

Impaired awareness of hypoglycaemia
No (Clarke score <=3)
Yes (Clarke score > 3)

Deprivation Index Quintile
1
2
3
4
5

Sex
Male
Female

Ethnic group
Non-white*
White

PHQ-9
Minimal or mild depression
Moderate or severe depression

All patients

Subgroup

60.8
69.5

65.4
61.8

64.1
60.7

59.4
63.0
62.3
66.0

64.1
59.5

62.5
64.3

63.4
61.6
65.6
60.1
62.6

61.0
65.2

75.0
62.6

63.3
59.5

62.8

(isCGM)
Mean

7.3
9.0

10.1
7.7

8.3
8.4

6.4
9.2
7.6
9.4

8.6
7.3

8.7
6.9

8.7
7.1
8.7
6.4
10.2

8.2
8.3

8.4

8.6
7.8

8.5

(isCGM)
SD

64.4
77.8

69.5
66.9

67.6
67.8

70.8
69.6
65.7
64.1

67.6
67.8

68.3
57.8

72.6
64.1
67.7
67.4
66.3

66.6
69.1

82.3
67.0

67.5
69.7

67.7

(SMBG)
Mean

7.9
8.0

10.0
9.7

9.5
10.4

11.9
9.2
9.3
7.5

9.9
9.8

9.7
6.5

10.2
6.2
12.8
7.8
8.8

9.2
10.5

4.0
9.5

9.9
9.8

9.8

(SMBG)
SD

Favours isCGM  Favours SMBG 

-5.3-20 20-10 100
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3.6 | Subgroup analysis for mean glucose 
(Figure 5; Table S5)

In keeping with HbA1c change, the between- group differ-
ence in mean glucose was significantly larger for younger 
people, with the effect decreasing by 0.7 (95% CI 0.2– 1.3) 
mmol/L for every additional 15 years of age. Those with at 
least a bachelor's degree achieved larger reduction in mean 
glucose with isCGM compared to those with less than a bach-
elor's degree. There was also a non- significant differences in 

effects between the higher HbA1c category 75– 97 mmol/
mol (−1.5 [−2.6 to −0.4] mmol/L) compared to those with 
HbA1c 58– 75 mmol/mol (−0.3 [−0.9 to 0.3] mmol/L).

3.7 | Subgroup analysis for the glucose 
variability (CV%) (Figure 6; Table S6)

The between- group difference (reduction) in glucose vari-
ability as measured by the coefficient of variation (CV) of 

F I G U R E  2  Subgroup analyses for time (%) in range (3.9– 10 mm/L) (70– 180 mg/dL). The vertical solid line represent the overall effect of 
isCGM. Between- group differences were calculated as SMBG –  isCGM for consistency with other Figures (to ensure that negative differences 
can be interpreted as favouring isCGM). *SD not calculable for isCGM non- white category as n = 1. isCGM, intermittently- scanned 
continuous glucose monitoring; SMBG, self monitoring of blood glucose.

Baseline HbA1c category
58 – 75 mmol/mol
>75 – 97 mmol/mol

Treatment modality
CSII
MDI

Prior participation in structured education
Yes
No

Age
<30 years old
30-45 years old
45-60 years old
>60 years old

Educational level
Less than a bachelors degree
At least a bachelors degree

Impaired awareness of hypoglycaemia
No (Clarke score <=3)
Yes (Clarke score > 3)

Deprivation Index Quintile
1
2
3
4
5

Sex
Male
Female

Ethnic group
Non-white*
White

PHQ-9
Minimal or mild depression
Moderate or severe depression

All patients

Subgroup

55.8
40.0

52.5
51.9

50.3
54.8

52.7
49.6
53.2
54.8

49.3
59.3

53.0
47.7

51.7
54.2
47.3
54.5
53.6

54.8
48.3

27.9
52.4

51.6
56.4

52.1

(isCGM)
Mean

14.3
14.8

18.6
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11.6
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9.5
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15.7
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12.0
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SD
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45.6
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46.4
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43.2
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SD
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glucose (%) was significantly larger for older people, with 
the effect increasing by 2.2 (95% CI 0.5– 4.0) percentage 
points for every additional 15 years of age. The between- 
group difference was also larger for those with lower 
deprivation (higher quintile). When investigated as a lin-
ear function, the effect increased by 1.5 (95% CI 0.2– 2.7) 
percentage points for every additional Deprivation Index 
quintile.

3.8 | Sensor usage

Mean percentage sensor usage (wear) was high (over 90%) 
in almost all subgroups, with only those (n = 8) with im-
paired awareness of hypoglycaemia having mean usage 
<90% over their last 2 weeks of isCGM wear (Table S8). 
There were some observed differences in mean average 
daily number of scans performed between subgroups, 

F I G U R E  3  Subgroup analyses for time (%) below range (<3.9 mmol/L). The vertical solid line represent the overall effect of isCGM. 
*SD not calculable for isCGM non- white category as n = 1. isCGM, intermittently- scanned continuous glucose monitoring; SMBG, self 
monitoring of blood glucose.

Baseline HbA1c category
58 – 75 mmol/mol
>75 – 97 mmol/mol

Treatment modality
CSII
MDI

Prior participation in structured education
Yes
No

Age
<30 years old
30-45 years old
45-60 years old
>60 years old

Educational level
Less than a bachelors degree
At least a bachelors degree

Impaired awareness of hypoglycaemia
No (Clarke score <=3)
Yes (Clarke score > 3)

Deprivation Index Quintile
1
2
3
4
5

Sex
Male
Female

Ethnic group
Non-white*
White

PHQ-9
Minimal or mild depression
Moderate or severe depression

All patients

Subgroup

3.2
4.3

3.5
3.5

3.3
3.8

5.4
2.8
3.0
3.6

3.0
4.7

3.4
4.3

3.4
4.8
3.1
4.1
2.8

3.8
3.1

0.1
3.5

3.7
2.6

3.5

(isCGM)
Mean

2.8
5.6

4.7
3.2

4.0
2.9

5.7
2.4
3.3
3.2

3.1
4.5

3.7
3.2

2.8
5.0
2.9
4.7
3.3

3.3
4.0

3.6

3.9
2.1

3.6

(isCGM)
SD

7.0
4.5

4.2
7.6

6.3
6.8

4.5
5.0
8.3
8.2

7.0
5.4

6.3
12.5

4.1
6.0
6.2
8.1
6.9

6.5
6.4

3.8
6.6

6.9
3.3

6.5

(SMBG)
Mean

5.8
6.2

5.0
6.1

5.8
6.3

3.6
5.5
6.7
6.9

6.3
5.0

5.6
14.8

3.6
3.1
6.2
7.6
6.1

6.0
5.9

2.1
6.0

6.1
2.9

5.9

(SMBG)
SD
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with older participants or those with lower baseline 
HbA1c levels tending to perform more scans than younger 
participants or those with higher baseline HbA1c levels. 
Scanning frequency was similar for those educated to less 
than degree level (mean 10.9/day) and those educated to 
at least degree level (11.4). Participants with self reported 
moderate or severe depression had greater scanning fre-
quency (14.2 vs 10.5).

4  |  DISCUSSION

4.1 | Key findings

In this subgroup analysis from the FLASH- UK study, 
we evaluated the impact of a range of clinical and de-
mographic factors on HbA1c and selected sensor- based 
metrics. Overall, our results suggest isCGM is generally 

F I G U R E  4  Subgroup analyses for time (%) above range (>10 mmol/L). The vertical solid line represent the overall effect of isCGM. 
*SD not calculable for isCGM non- white category as n = 1. isCGM, intermittently- scanned continuous glucose monitoring; SMBG, self 
monitoring of blood glucose.

Baseline HbA1c category
58 – 75 mmol/mol
>75 – 97 mmol/mol

Treatment modality
CSII
MDI

Prior participation in structured education
Yes
No

Age
<30 years old
30-45 years old
45-60 years old
>60 years old

Educational level
Less than a bachelors degree
At least a bachelors degree

Impaired awareness of hypoglycaemia
No (Clarke score <=3)
Yes (Clarke score > 3)

Deprivation Index Quintile
1
2
3
4
5

Sex
Male
Female

Ethnic group
Non-white*
White

PHQ-9
Minimal or mild depression
Moderate or severe depression

All patients

Subgroup

40.9
55.7

44.0
44.6

46.4
41.4

41.9
47.6
43.8
41.6

47.7
36.0

43.6
48.0

45.0
41.0
49.6
41.4
43.7

41.4
48.6

72.0
44.1

44.7
41.0

44.5

(isCGM)
Mean

15.4
18.8

19.9
16.5

18.2
15.7

12.8
18.2
18.9
18.1

18.0
12.3

17.4
14.9

15.9
11.0
21.1
13.4
21.3

17.6
16.4

17.1

17.9
13.4

17.3

(isCGM)
SD

44.1
62.8

50.0
47.5

48.8
47.7

55.2
56.3
44.3
34.6

46.6
51.8

49.1
26.5

54.2
43.5
50.4
48.7
42.6

45.8
51.6

54.3
48.0

46.6
61.9

48.3

(SMBG)
Mean

18.2
19.3

21.2
19.5

19.2
21.4

21.9
18.8
15.5
17.8

20.4
18.9

19.6
24.3

19.1
23.4
21.8
19.7
17.0

17.5
22.6

23.0
19.9

19.6
18.0

19.9

(SMBG)
SD
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effective across a range of clinical and demographic char-
acteristics. In particular, there was no impact of prior par-
ticipation in structured education, treatment modality, 
sex deprivation index quintile or baseline Patient Health 
Questionnaire- 9 (PHQ- 9)- detected depression category 
on the primary outcome (HbA1c reduction). Our results 
suggest that younger participants had a greater reduction 
in HbA1c, TAR (>10 mmol/L) and mean glucose with a 
non- significant increase in TIR (3.9– 10 mmol/L) com-
pared to older participants. In contrast, older participants 

had a larger reduction in sensor- detected hypoglycaemia. 
Importantly, neither prior participation in structured edu-
cation nor gender- influenced treatment effect in HbA1c or 
sensor- based metrics. Insulin treatment modality (pump 
vs multiple daily injections) had no impact on HbA1c 
reduction, TIR or TAR. In contrast, those treated with 
multiple daily injections had a larger reduction in hypo-
glycaemia when using isCGM at both 3.9 and 3.0 mmol/L 
thresholds. Interestingly, those with at least a bachelor's 
degree had greater increase in TIR, a larger reduction 

F I G U R E  5  Subgroup analyses for mean glucose (mmol/L). The vertical solid line represent the overall effect of isCGM. *SD not 
calculable for isCGM non- white category as n = 1. isCGM, intermittently- scanned continuous glucose monitoring; SMBG, self monitoring of 
blood glucose.

Baseline HbA1c category
58 – 75 mmol/mol
>75 – 97 mmol/mol

Treatment modality
CSII
MDI

Prior participation in structured education
Yes
No

Age
<30 years old
30-45 years old
45-60 years old
>60 years old

Educational level
Less than a bachelors degree
At least a bachelors degree

Impaired awareness of hypoglycaemia
No (Clarke score <=3)
Yes (Clarke score > 3)

Deprivation Index Quintile
1
2
3
4
5

Sex
Male
Female

Ethnic group
Non-white*
White

PHQ-9
Minimal or mild depression
Moderate or severe depression

11
All patients

Subgroup

40.9
55.7

44.0
44.6

46.4
41.4

41.9
47.6
43.8
41.6

47.7
36.0

43.6
48.0

45.0
41.0
49.6
41.4
43.7

41.4
48.6

72.0
44.1

44.7
41.0

44.5

(isCGM)
Mean

15.4
18.8

19.9
16.5

18.2
15.7

12.8
18.2
18.9
18.1

18.0
12.3

17.4
14.9

15.9
11.0
21.1
13.4
21.3

17.6
16.4

17.1

17.9
13.4

17.3

(isCGM)
SD

44.1
62.8

50.0
47.5

48.8
47.7

55.2
56.3
44.3
34.6

46.6
51.8

49.1
26.5

54.2
43.5
50.4
48.7
42.6

45.8
51.6

54.3
48.0

46.6
61.9

48.3

(SMBG)
Mean

18.2
19.3

21.2
19.5

19.2
21.4

21.9
18.8
15.5
17.8

20.4
18.9

19.6
24.3

19.1
23.4
21.8
19.7
17.0

17.5
22.6

23.0
19.9

19.6
18.0

19.9

(SMBG)
SD
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in TAR and lower mean glucose on using isCGM, with 
non- significantly greater reduction in HbA1c. In contrast, 
those with less than a bachelor's degree had a larger reduc-
tion in hypoglycaemia at both 3.9 and 3.0 mmol/L thresh-
olds. A non- significant trend of higher HbA1c reduction 
was seen in those with baseline HbA1c >75– 97 mmol/mol 
(>9.0%– 11.0%) and a non- significant trend of a larger re-
duction in TBR (both below 3.9 and below 3.0 mmol/L) 
were seen in those with baseline HbA1c 58– 75 mmol/mol 
(7.5%– 9.0%). Deprivation status did not impact the effect 

of isCGM on HbA1c reduction or sensor- based metrics 
such as TIR, TAR or TBR, but those with lower depriva-
tion (higher Deprivation Index quintiles) had a greater 
reduction in glucose variability. Importantly, scanning 
frequency and overall sensor usage was broadly similar 
across various subgroups.

Our results suggest that younger participants had 
a greater reduction in HbA1c, TAR (>10 mmol/L) and 
mean glucose with a non- significant increase in TIR (3.9– 
10 mmol/L) compared to older participants. While our 

F I G U R E  6  Subgroup analyses for coefficient of variation of glucose (%). The vertical solid line represent the overall effect of isCGM. 
*SD not calculable for isCGM non- white category as n = 1. isCGM, intermittently- scanned continuous glucose monitoring; SMBG, self 
monitoring of blood glucose.
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58 – 75 mmol/mol
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Treatment modality
CSII
MDI

Prior participation in structured education
Yes
No

Age
<30 years old
30-45 years old
45-60 years old
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Impaired awareness of hypoglycaemia
No (Clarke score <=3)
Yes (Clarke score > 3)
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1
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3
4
5
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Subgroup

40.9
55.7

44.0
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study cannot provide a definite interpretation of these ob-
servations, it is possible, that the reason for high HbA1c 
and high TAR in younger participants, was mainly due to 
non- testing of glucose, whereas in older participants, it 
may have been for more complex reasons, not necessarily 
helped by having more glucose information (e.g. fear and 
burden of hypoglycaemia and co- existent co- morbidities). 
As a result, having easier access to glucose data helped 
younger participants more than older participants. Older 
participants are likely to have longer duration of diabetes 
which is associated with higher burden of hypoglycaemia. 
It is of note in older participants had a larger benefit in 
terms of hypoglycaemia reduction compared to younger 
participants which may suggest hypoglycaemia avoid-
ance may have been a more important priority for this 
group. We noted those with at least a bachelor's degree 
had greater increase in TIR, a larger reduction in TAR and 
lower mean glucose on using isCGM. Based on this ob-
servation, it might be useful to provide additional train-
ing to those without at least a bachelor's degree to harness 
the full potential of this device. As noted before, scanning 
frequency and overall sensor usage was broadly similar 
across various subgroups.

4.2 | Comparison with previous studies

To put these findings in context, it is useful to com-
pare with other UK- based studies of isCGM users. The 
real- world data set from the UK Association of British 
Clinical Diabetologists (ABCD) FreeStyle Libre audit 
provides insight into the relationship between some 
key baseline characteristics prior to FSL initiation and 
outcomes at follow- up. For example, in keeping with 
our observations, ABCD follow- up data from 6446 indi-
viduals on isCGM identified higher baseline HbA1c as 
a significant predictor of HbA1c response.11 The ABCD 
study identified ‘other’ non- DAFNE- structured educa-
tion as a predictor of response in contrast to previous 
completion of ‘DAFNE structured education’, which 
was not. Overall, age, gender, ethnicity, duration of 
diabetes, BMI and treatment modality did not predict 
HbA1c response.12

For time- in- range outcomes, ABCD data from 3250 
individuals with follow- up data found that those who 
achieved TIR% 50– 70 and TIR% >70 at 7.9 months were 
more likely to be older, have a lower HbA1c and lower 
diabetes- related distress at baseline.13,14 In addition, du-
ration of diabetes, baseline Gold score and structured ed-
ucation completion had a significant but limited absolute 
effect on the attainment of TIR% 50– 70 and TIR% >70 at 
follow- up, with a significant negative correlation between 
the TIR% and pre- FSL HbA1c.

Real- world data from Scotland provides further con-
text for our results. Baseline HbA1c was a strong pre-
dictor of HbA1c response, with those with the highest 
HbA1c values experiencing the greatest reduction in 
HbA1c.15 Similar to our findings, while a reduction 
in HbA1c was observed in all age groups, there were 
smaller changes in the older (>64 years) group with the 
greatest HbA1c reductions in the 19– 24- year subgroup. 
There were no differences in outcomes by gender, depri-
vation status or prior structured education. Those with 
prior pump use had greater HbA1c reduction than those 
without prior pump use, even when baseline HbA1c was 
accounted for.

ALERTT1 randomised controlled trial study showed 
that switching from intermittently scanned continuous 
glucose monitoring (isCGM) without alerts to real- time 
CGM (rtCGM) with alert functionality improved time in 
range (3.9– 10 mmol/L), HbA1c, time <3.0 mmol/L and 
Hypoglycaemia Fear Survey score after 6 months in adults 
with type 1 diabetes.16 A recent post hoc analysis from this 
study has also not shown any impact of 14 baseline char-
acteristics on HbA1c or time in range.17

4.3 | Strengths and limitations

A strength of the FLASH- UK subgroup analysis is that 
this was the first RCT to investigate the effects of isCGM 
with optional alarms (Freestyle Libre 2) in adults with 
Type 1 diabetes and high HbA1c. Other strengths include 
the independent study conduct and pre- specified sub-
group analysis. Limitations include small number of par-
ticipants with impaired awareness of hypoglycaemia and 
non- White ethnicity. We were not able to analyse alarm 
data, as at the time of the study, Libreview software did 
not capture alarm data. Some subgroup factors are likely 
to be related— for example, educational status and dep-
rivation status. Our study was not powered for subgroup 
analysis and only subgroup analyses for HbA1c were pre- 
planned (and detailed in the statistical analysis plan). 
Subgroup analyses for secondary outcomes are post hoc, 
although we applied the subgroups and methods used for 
the primary outcome measure consistently across sec-
ondary outcomes. Moreover, while percentages of miss-
ing data were low (<10%) and similar between isCGM 
and SMBG groups for the primary outcome measure, this 
was not the case for secondary outcome measures. Hence 
our findings, particularly for secondary outcome meas-
ures, should be interpreted cautiously. We have not cor-
rected for multiplicity in subgroups or outcomes, but our 
interpretation focuses on findings that appear consistent 
across primary and most secondary outcomes. Further re-
search is needed to explore the findings from our study, 
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for example, to understand the reasons behind why 
younger participants achieve larger reduction in HbA1c 
or those with at least bachelor's degree achieve larger im-
provement in TIR.

5  |  CONCLUSION

Findings from the current subgroup analysis suggest that 
isCGM with optional alarms is effective across a range of 
baseline characteristics with little or no impact from prior 
participation in structured education, deprivation status 
or gender. Our results suggest that, when using isCGM, 
younger participants had a greater reduction in HbA1c, 
time above range and mean glucose with a non- significant 
increase in time in range compared to older participants 
who had a larger benefit in hypoglycaemia reduction. 
Those with at least a bachelor's degree had higher TIR 
(driven by lower TAR) and lower mean glucose when 
using isCGM compared to those without.
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