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By the end of this session, attendants should be able to

1) Understand the research process behind the benefits 
of continuous glucose monitoring and pumps

2) Present a study in a PICO format

3) Recall 1 study per device

Learning outcomes



Abbreviations
PICO: Population, Intervention, 
Comparator, Outcome

IAH: Impaired awareness of 
hypoglycaemia

RCT: Randomised Controlled Trial SH: Severe hypoglycaemia

RWE: Real world evidence CBG: Capillary blood glucose

CGM: Continuous glucose

monitoring

PROMs: Patient-reported outcome 
measures

isCGM: intermittently scanned CGM T1D: Type 1 Diabetes

rtCGM: real-time CGM PwT1D: person with T1D

HCL: Hybrid Closed Loop PwD: person with Diabetes

TAR: Time above range MDI: Multiple Daily Injections

TIR: Time in range DDSc: Diabetes Distress  Scale

TBR: Time below range CSII: Continuous s/c insulin infusion
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RCTs vs RWE

RCTs RWE

Prospective Usually retrospective (observational)

Controlled conditions (experiment) Real-world setting

Strict inclusion criteria: ‘select few’ Diverse participant population

Causal relationships effectiveness, safety, usage

Low bias: however, trial effect! Confounding factors

Expensive Costs are lower

Time consuming: delay in 
adjustments to interventions due to 
study design requirements

Time is not a factor

“Can this work?” “Does this actually work?”
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P PwT1D and IAH (Gold≥4), aged 18-75 yrs. HbA1c 7.5%-10.0% (58-86 mmol/mol), 
MDI

I CGM (MiniMed Paradigm® Veo System)

C CBG

O Primary: TIR

Key secondary: TBR, TAR, HbA1c, PROMs

Minimed and TIR: InCONTROL 2015 (RCT)



InCONTROL: study design



Minimed usage increased TIR and reduced TBR and reduced TAR.
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CGM metrics (means)

TAR>10mmol/L

TBR≤3.9mmol/L

TBR≤3.9mmol/L

CGM vs CBG*
TIR: +9.6%
TAR: - 5%

TBR: -4.7%

* p < 0.001 for all



Minimed usage reduced TBR at three different cutpoints.
The number of SH episodes was lower during the CGM phase. 
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P 10,370 PwD (97% with T1D) on FSL

I rtCGM (FSL)

C CBG

O Primary: glycaemic control, hypoglycaemia, diabetes-related distress, and 
resource utilisation in the 12 months before and the 7.5 months after initiation 
of CGM

FSL and glycaemic control, hypoglycaemia, diabetes-
related distress, and hospital admissions: ABCD FSL audit 
2020 (RWE)



ABCD FSL audit and HbA1c
A1c decreased post-FSL start, with a larger decrease in A1c>69.5mmol/mol
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ABCD FSL audit and DDS
Both scales showed reduction in diabetes distress



• 53% of PwD and Gold≥4 

reported Gold<4 at follow up

• 5% of PwD and Gold<4 
reported Gold≥4 at follow up

ABCD FSL audit and IAH (Gold≥4)
>50% regained hypoglycaemia awareness
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ABCD FSL audit and resource utilisation
The total number of PwD with ≥1 SH reduced from 357 to 104 at follow-up
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P 74011 PwD with hospitalisation due to acute diabetes-related complications

I isCGM (FSL)

C CBG

O Primary: Risk of hospitalisation due to diabetes-related acute complications 
(DKA, hypoglycaemia, HHS, and hyperglycaemia) in the 12 months before and 
the 12 months after initiation of CGM

FSL and HbA1c: RELIEF 2021 (RWE)



N = 33,165 N = 40,846

FSL reduced DKA and HHS admission rates in both T1D and T2D, and
acute hypo-/hyperglycaemia in T2D 12 months before and after initiation.
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P PwT1D, HbA1c 7.5-11.0% (58-97 mmol/mol), MDI or CSII

I isCGM (FSL2)

C CBG

O Primary: HbA1c at 24 weeks
Key secondary: sensor data, PROMs, safety

FSL2 and HbA1c: FLASH-UK 2022 (RCT)



HbA1c improved in both groups.
HbA1c reduction was 0.5% greater in CGM (FSL2) vs. CBG

CGM: 8.7% -> 7.9%: 0.8%
CBG: 8.5% -> 8.3%: 0.2%

CGM vs. CBG: 0.5%, p<0.001
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CGM (FSL2) usage increased TIR and reduced TBR and reduced TAR.
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* p < 0.05 for all
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P PwT1D, HbA1c 7.5%-10.0% (58-86 mmol/mol), MDI

I CGM (Dexcom G4, needing calibration twice daily)

C CBG

O Primary: HbA1c at 24 weeks

Key secondary: CGM metrics

Dexcom G4 and HbA1c: DIAMOND 2017 (RCT)



HbA1c improved in both groups.
HbA1c reduction was 0.6% greater in CGM (G4) vs. CBG

CGM: 8.7% -> 7.7%: 1.0%
CBG: 8.6% -> 8.2%: 0.4%

CGM vs. CBG: 0.6%, p<0.001
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HbA1c reduction in CBG group led to higher TBR. 
CGM (G4) usage improved HbA1c and reduced TBR.

CGM: 65min -> 43min:
22min

CBG: 72min -> 80min:
-8min

CGM vs. CBG: 30min, 
p<0.001
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P PwT1D on MDI, with a PMHx of IAH or SH the year preceding the study

I rtCGM (Dexcom G5)

C CBG

O Primary: baseline-adjusted number of hypoglycaemic events
(glucose ≤3.0 mmol/L for ≥20 min) during the follow-up phase (6 months)

Dexcom G5 and HbA1c: HypoDE 2018 (RCT)



Primary: CGM (G5) usage reduced incidence of hypoglycaemia by 72% 
(p<0.001).

Secondary:
TBR<3.9mmol/L:
CGM vs. CBG: 6.4% vs 1.6% 

TBR<3.0mmol/L:

CGM vs. CBG: 2.5% vs 0.3% 

Median Duration <3.0mmol/L: 
CGM vs. CBG: 3.8min vs 0.0min 
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P PwT1D, HbA1c 7.5-11.0% (58-97 mmol/mol), MDI or CSII

I rtCGM with alert functionality (Dexcom G6)

C isCGM without alert functionality (FSL)

O Primary: Between-group difference in TIR at 6 months
Key secondary: TBR, HFSII, HbA1c, Frequency of SH at 6 months

Dexcom G6 vs FSL: ALERTT1 2021 (RCT)



Study design and main outcomes

Blinded 
G6 + FSL

Unblinded G6

Study Phase

6 months

Run-in Phase

28 days

Extension Phase

30 months

Unblinded G6

Unblinded G6FSL

After 6 months:

a) HbA1c:
G6 vs. FSL: 7.1% vs 7.4%; p<0.0001

b) TBR<3.0 mmol/L:
G6 vs. FSL: 0.47% vs 0.84%; p=0.007

c) HFSII – w subscale:
G6 vs. FSL: 15.4 vs 18.0; p=0.007

d) Frequency of SH:
G6 vs. FSL: 3 vs 13; p=0.008

More skin reactions with FSL.

More post insertion bleeding with G6.



Study design and main outcomes

Unblinded G6

Unblinded G6FSL



P PwT1D between 1-35 yrs of age (pumps or MDI); 93% children

I a) CGM 1st year of Dx; b) CGM 3rd year of Dx (Dexcom, Libre, 
Medtronic etc.)

C No CGM

O Primary: HbA1c throughout 7 years between 1st yr CGM vs. no CGM
Key secondary: HbA1c throughout 7 years between 3 rd yr CGM vs. no 
CGM

CGM and long-term HbA1c outcomes: 2022 (RWE)



Sustained HbA1c reduction for 7 yrs post CGM start within 1st yr of Dx
HbA1c reduction regardless of CGM initiation timing

*P < 0.05
**P < 0.001 between CGM vs. no CGM
‡P < 0.001 between 3rd yr CGM vs. 1st yr CGM
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P PwT1D between 2-72 yrs of age from 3 RCTs: DCLP3, DCLP5, PEDAP

I HCL (t:slim Control IQ algorithm)

C MDI, CGM or CBG

O Primary: between-group difference in TIR between baseline and end of each 
RCT
Key secondary: CGM metrics, other CGM metrics, socio-economical parameters

T:slim (Control IQ) and TIR: A meta-analysis of 3 RCTs, 2023



TIR was higher in the Control-IQ group than the Control group in all 
subgroups.



TBR was lower in the Control-IQ group than the Control group in all 
subgroups, with the most benefit seen in those spending 1%-4% of their
time below range, and even more for those ≥4%.



HbA1c was lower in the Control-IQ group than the Control group in all 
subgroups except for baseline HbA1c<7.0%.



P 5575 users (500 with T2D) from the US (Medicare and Medicaid) on Control 
IQ for at least 12 months (data collected from January 2020 till January 2022)

I HCL (CIQ)

C Baseline (before initiation of HCL)

O Primary: TIR, TAR, TBR at 12 months of follow-up
Key secondary: GMI at 12 months of follow-up

T:slim (Control IQ+G6): 2022 (RWE)



In adults, CIQ improved TIR, TAR, and TBR<3.0mmol/L without increasing 
TBR<3.9mmol/L.

Medicare T1D: 4243 Medicare T1D: 1332 T2D: 500



CIQ+G6

mg/dL

<3.0   3.0-3.8     3.9-10     10.1-13.3     >13.3    mmol/L
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P 112 children (age 6–13.9 years) and 129 adults (age 14–70 years), HbA1c 
<10%; single-arm, multicentre trial

I HCL (OP5+Dexcom G6)

C Standard therapy (MDI) for 14 days prior to HCL initiation

O Primary: Safety (rates of SH, DKA) and Glycaemic (HbA1c, TIR) at 3 
months from baseline
Key secondary: TBR, TAR

OP5+G6 and TIR in adults and older children: 2021 (RCT)



In adults, OP5+G6 improved HbA1c, TIR, and TBR at two levels,
both diurnal and nocturnal. 
No documented episodes of SH or DKA.

ADULTS Baseline 3 months Difference P value

14-day usual care OP5 + G6

HbA1c (%) 7.16 6.78 -0.38 <0.001

TIR (%) 64.7 73.9 9.3 <0.001

TIR (%) 00:00 – 06:00 64.3 78.1 13.8 <0.001

TBR<3.9mmol/L (%) 2.89 1.32 -1.57 <0.001

TBR<3.0mmol/L (%) 0.62 0.23 -0.39 <0.001

TBR<3.9mmol/L (%) 12am –
6am

3.64 1.17 -2.46 <0.001

TBR<3.0mmol/L (%) 12am –
6am

0.95 0.24 -0.70 <0.001



P Children and adults with T1D on MDI, HbA1c 7.5% - 11% (58-97 mmol/mol), 
multicentre multinational trial (UK, France, Belgium)

I HCL (OP5+FSL2)

C Standard therapy (MDI+FSL2) for 14 days prior to HCL initiation

O Primary: HbA1c at 13 weeks

Key secondary: TIR at 13 weeks

OP5+FSL2: RADIANT 2025 (RCT)



Adults: HbA1c was reduced by -0.8% at 13 weeks 
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Adults: TIR was improved by 22% in total



P 69,902 users from 34 countries (children≥2 and adults) with T1D on 
780g+Minimed sensor (data collected from August 2020 till August 2023)

I HCL (OP5+g6)

C TIR before initiation of HCL

O Primary: TIR at 12 months
Key secondary: TAR, TBR at 12 months

OP5+G6: 2024 (RWE)



TIR with glucose target 6.1mmol/L: 67.7%

Glucose target
ADULTS+CHILDREN

6.1mmol/L 6.7mmol/L 7.2/7.8/8.3
mmol/L

GMI (%) 7.2 7.5 7.9

TBR<3.0 mmol/L 0.35 0.28 0.25 

TBR<3.9 mmol/L 1.62 1.26  1.07 

TIR 3.9–10.0 mmol/L 67.7  60.6  52.5

TAR >10.0 mmol/L 30.6  38.2  46.5 
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P Adults aged ≥18 years, with T1D on MDI ≥2 years AND isCGM ≥ 3 months, 
HbA1c ≥8%. Multicentre trial

I HCL (780g+Minimed sensor)

C Standard therapy (MDI+isCGM) for 14 days prior to HCL initiation

O Primary: Glycaemic (HbA1c, TIR) at 6 months from baseline
Secondary: Safety (rates of SH, DKA), CGM metrics, PROMs

Medtronic 780g+Minimed sensor: ADAPT 2022 (RCT)



MDI +
isCGM

780g+MiniMed

Study Phase

6 months

Run-in Phase

14 days

Continuation Phase

6 months

780g+MiniMed
780g+MiniMedMDI+isCGM

MDI+isCGM to HCL arm: 1.4% HbA1c reduction at 12 months (p<0.001)

Continued on HCL arm: No change in HbA1c at 12 months (non inferiority met)

Arm difference: At 12 months, no between-group difference (non inferiority met)



P 101,629 users from 34 countries (children and adults) with T1D on 
780g+Minimed sensor (data collected from August 2020 till August 2023)

I HCL (780g+Minimed sensor)

C TIR before initiation of HCL

O Primary: TIR over 12 months

Key secondary: TAR, TBR

Medtronic 780g+Minimed sensor: 2024 (RWE)



TIR in total: 72.3%



TIR with optimal settings: 78.8% *optimal settings: ≥95% of time with
glucose target of 5.5 mmol/L, and
≥95% of time with AIT of 2 h



Sustained TIR reduction 
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CamAPS

2011 - 2014 Night-only and free-living feasibility trials (children, young adults, 
pregnancy), over 7 days

2015 - 2016 Short day-and-night free-living trials (adults, adolescents), over 3-4 
weeks

2017-2018 Longer day-and-night and young-children trials, over 2 years

2019 (CamAPS Fx) Pregnancy, children (aged 1-7 yrs)

Roman Hovorka



CamAPS+Dexcom G6: RWE 2023

P PwT1D aged ≥1 years, with T1D on MDI ≥2 years AND isCGM ≥ 3 months, 
HbA1c ≥8%. Multicentre trial

I HCL (CamAPS+G6)

C Standard therapy (MDI+isCGM) for 14 days prior to HCL initiation

O Primary: CGM metrics between between May and December 2022 
Secondary: Safety (rates of SH, DKA), CGM metrics, PROMs



CamAPS+Dexcom G6

73%

67%
71%

69%

74%

82%

2.3% 3.0% 2.9% 2.2%
1.3%2.1%



TIR, night time (12am-6am) vs. day time:
77.8% vs. 70.8%

Mean TBR<3.9mmol/L, night time vs. day time:
1.7% vs. 2.5%

CamAPS+Dexcom G6



HCL ABCD audit: RWE 2025

P PwT1D (adults) with HbA1c ≥8.5% (69 mmol/mol) on HCL between August 
and December 2021. 30 centres in the UK.

I HCL (any system) at baseline

C HCL (any system) at follow-up (between 6 and 38 months of follow-up), from 
March 2022 to October 2024

O Primary: HbA1c

Secondary: CGM metrics glucometrics, Gold score (hypoglycaemia 
awareness), diabetes distress score, acute event rates, user opinion of HCL



HCL usage reduced HbA1c by 1.3%.
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HCL usage led to HbA1c decrease 5 months post initiation, which was 
sustained for the rest of the follow-up period.



HCL usage increased TIR, reduced TAR, and reduced TBR<3.9mmol/L
without increasing TBR<3.0mmol/L.

0.4% 0.3%
1.7% 1.1%33.7%

60.4%

26.6%

21.7%

37.9%

16.6%

0%

20%

40%

60%

80%

100%

Baseline Follow-up

CGM metrics (means)

TAR>13.3mmol/L
TAR 10-13.3mmol/L
TBR 3.9-10mmol/L
TBR 3.0-3.9mmol/L
TBR<3.0mmol/L

Δ -21.3%, p<0.001
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HCL ABCD audit

Number Baseline 12m Change
(95% CI)

P 
value

Diabetes distress scale score,
mean ± SD

347 3.3 ± 1.2 2.2 ± 1.0 −1.1
(−1.3, −1.0)

<0.001

People with high diabetes distress
(DDS2 score ≥3), % (n)

347 67.4 (234) 23.1 (80) −44.3
(−154)

<0.001

Gold score, mean ± SD 349 2.2 ± 1.4 1.8 ± 1.2 −0.4
(−0.5, −0.2)

<0.001

People with IAH (Gold score ≥4), 
% (n)

349 16.6 (58) 9.2 (32) −7.4
(−26)

<0.001



RCT: To use new technologies and educational courses
to restore the awareness of hypoglycaemia in
patients with type 1 diabetes.

P: People with T1D with impaired awareness of hypoglycaemia
HCL naïve and non-naive

I: Psychoeducational courses and HCL systems 
C: Standard care
O: Restoration of awareness determined by counterregulatory and symptom response to 
experimental hypoglycaemia (clamp).

VS

Unanswered question: HCL and IAH?
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Thank you for listening. Any 
questions?

Email: vk154@leicester.ac.uk
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