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Evidence Appraisal Report 
 

Closed loop systems for the management of type 1 diabetes 
mellitus in adults and children 

Appraisal summary 

Why did Health Technology Wales (HTW) appraise this topic? 

The aim of this report was to identify and summarise evidence that addresses the following 
question: What is the clinical effectiveness, cost-effectiveness and safety of closed loop systems 
and the artificial pancreas in the management of type 1 diabetes mellitus (T1DM)?  

T1DM is an autoimmune condition where the body’s immune system attacks the cells of the 
pancreas making it unable to produce insulin so glucose cannot be moved out of the 
bloodstream into the cells. Although there have been advancements in the management of T1DM 
in recent years, there is still a substantial burden on people living with the condition. Closed loop 
systems may offer a reduction to this burden. 

Closed loop systems and the artificial pancreas consist of medical devices that combine three 
elements: continuous monitoring of interstitial glucose levels (continuous glucose monitoring, 
CGM), insulin delivery using a pump, and a digital controller.  

What evidence did HTW find? 

We adapted evidence from the Scottish Health Technologies Group’s (SHTG) recent appraisal 
entitled ‘Closed loop systems and the artificial pancreas for the management of type 1 diabetes’, 
published in January 2022. We also included evidence that was published after the latest search 
date in the SHTG report.  

The appraisal largely focussed on secondary evidence. Individual studies were included if they 
were published since the most recent sources of secondary evidence or if they reported outcomes 
of interest that were not reported by any systematic review.  

Time in target glucose range was reported in five systematic reviews and all found that closed 
loop systems significantly increased the percentage time in target glucose range compared to 
controls. Two systematic reviews reported on percentage change in HbA1c, and both found 
statistically significant differences that favoured closed loop.  

Hypoglycaemic events were reported on in three systematic reviews, two of these reported no 
significant differences and one reported a statistically significant reduction in the closed loop 
group. One systematic review reported on severe hyperglycaemic events and diabetic ketosis 
events and found no statistically significant difference between closed loop and controls groups.  

Quality of life data were available from five RCTs; findings from these were mixed with three 
reporting generally more favourable outcomes for the closed loop groups and two reporting no 
significant difference between closed loop and controls. 
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In addition to the above evidence, we identified 15 RCTs comparing closed loop systems with a 
relevant comparator that were not included in the secondary literature. The trials reported 
similar results to those found in the secondary evidence: statistically significant improvements 
in mean percentage time in range favouring closed loop systems over the comparator. 

Areas of uncertainty: 

• The clinical evidence mostly included small cross-over RCTs that tested the use of closed 
loop systems over relatively short periods of time, in people with well controlled diabetes 
who have had the condition for several years. 

• High heterogeneity was present in most of the meta-analyses, for most outcomes. 
Potentially due to small study size, multiple different closed loops systems in the 
intervention group, and use of a variety of methods of insulin therapy in the control 
groups. 

• Evidence reporting on the artificial pancreas defined as ‘multi-hormone’ closed loop was 
lacking. 

• Hypoglycaemic events were not clearly defined in all systematic reviews.  
• Given the rapidly changing nature of these systems, some of the secondary evidence 

reviewed may be based on technologies that have since been superseded by newer 
models.  

We did not include any new health economic studies published since the SHTG Advice Statement. 
One study previously included in the SHTG Advice Statement was assessed as partially 
applicable with potentially serious limitations, while the cost-utility analysis undertaken by 
SHTG was considered directly applicable with minor limitations. We adapted the cost-utility 
analysis undertaken by SHTG and present a fully incremental analysis for adults with T1DM. 
Closed loop systems were associated with higher estimated costs and quality-adjusted life years 
(QALYs) than the other modelled strategies. Closed loop systems were not estimated to be cost-
effective against comparators with incremental cost-effectiveness ratios (ICER) between 
£24,446 and £79,463 per QALY gained. In fully incremental analysis, multiple daily injections with 
flash glucose monitoring (MDI+FGM) was estimated to be optimal among the strategies 
considered at a willingness to pay threshold of £20,000 per QALY gained.  

The HTW cost-utility analysis shares the limitations of the SHTG analysis; most notably the 
reliance on assumptions around hypoglycaemic effects and a published algorithm to map 
percentage time in range to HbA1c reductions. Sensitivity analysis showed estimates to be highly 
sensitive to uncertainty in these areas. Scenario analysis also suggested closed loop systems 
may be cost-effective compared to CGM with pump therapy (CSII+CGM) for people with higher 
HbA1c levels at baseline, who more closely resemble those seen in clinical practice. 

What was the outcome of HTW’s appraisal? 

HTW is a national body working to improve quality of care in Wales. We collaborate with partners 
across health, social care, and industry to issue independent guidance that informs 
commissioning within Wales health and social care. We are supported by an Assessment Group, 
who ensure our work adheres to high standards of methodological and scientific rigour, and an 
Appraisal Panel, who consider evidence within the Welsh context and produce HTW guidance. 
More details on our appraisal process, the assessment group, and the appraisal panel can be 
found on the HTW website. 

In this case, the HTW Assessment Group considered the evidence presented in this Evidence 
Appraisal Report (EAR045) in the context of forthcoming NICE technology appraisal guidance on 
closed loop systems (see NICE website for details). Because this NICE guidance overlaps with the 
scope of this report and will also apply to Wales, Assessment Group concluded that HTW also 
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producing guidance would be duplicative. Due to this, they recommended publication of the 
appraisal as an Evidence Appraisal Report only, interim to publication of NICE guidance in 2023.  

Evidence Appraisal Report 045 follows below and provides full details for this topic. 
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1. Purpose of the Evidence Appraisal Report 

This report aims to identify and summarise evidence that addresses the following question: 
What is the clinical effectiveness, cost-effectiveness and safety of closed loop systems and the 
artificial pancreas in the management of type 1 diabetes mellitus (T1DM)?  

Evidence Appraisal Reports are based on rapid systematic literature searches, with the aim of 
published evidence identifying the best clinical and economic evidence on health technologies. 
Researchers critically evaluate this evidence. The draft Evidence Appraisal Report is reviewed by 
experts and by Health Technology Wales multidisciplinary advisory groups before publication. 

 

2. Health problem 

Type 1 diabetes mellitus (T1DM) is an autoimmune condition where the body’s immune system 
attacks the cells of the pancreas making it unable to produce insulin so glucose cannot be 
moved out of the bloodstream into the cells (Diabetes UK). The role of insulin is to reduce blood 
glucose levels by facilitating the transport of glucose from the blood into cells throughout the 
body where it is used as a fuel. Insufficient insulin production leads to a life-long dependency on 
exogenous insulin administration causing a substantial burden on people with the condition. 
Daily management of type 1 diabetes includes counting carbohydrates, measuring glucose 
levels, and administering insulin. People with type 1 diabetes, or the parents of children with the 
condition, often experience a reduction in mental health and wellbeing because of constantly 
managing diabetes and worrying about hypoglycaemic events or long-term complications of 
diabetes (SHTG 2022).  

In Wales in 2018, there were estimated to be approximately 7,800 people with T1DM. T1DM usually 
presents in late childhood or early adolescence but can occur at any age. Consistent with this, 
the highest incidence observed is in children under the age of 14 years. Incidence is also higher 
in more economically deprived areas (Rafferty et al. 2021). Specific risk factors for T1DM include 
genetic predisposition and environmental factors, however, the findings on the possible risk 
factors of T1DM are inconsistent. 

It is important for people with type 1 diabetes to maintain blood glucose concentrations as close 
as possible to the normal range to avoid complications and harms from hyperglycaemia or 
hypoglycaemia. In the long-term, hyperglycaemia can lead to blindness, limb amputations, 
stroke, and other serious cardiovascular complications. Hypoglycaemia can result in confusion, 
seizures, unconsciousness and even death (SHTG 2022). Achieving metabolic balance through 
regular monitoring of blood glucose levels and an optimal adherence to insulin therapies, a 
healthy diet and physical activity remain the most important factors for the prevention of both 
micro- and macro-vascular complications of the disease.  

Standard treatment options for people with T1DM involve monitoring blood glucose levels and 
administering insulin. NICE guidance for the management of T1DM recommends monitoring 
blood glucose levels all the time using continuous glucose monitoring (CGM). Currently people 
with T1DM can choose between real-time continuous glucose monitoring (rtCGM) and 
intermittent-scanning continuous blood glucose monitoring (isCGM, also called 'flash glucose 
monitoring' (FGM)). Alternatively, blood glucose levels can be monitored using a simple finger 
prick test (self-monitoring of blood glucose, SMBG). NICE recommend blood glucose levels to be 
tested at least four times a day – before each meal and before going to bed. Additional testing 
may be required if exercising, feeling unwell or during illness. Target blood glucose levels should 
be between 5 and 7 mmol/L before breakfast (‘fasting’ level) and between 4 and 7 mmol/L before 
meals at other times of the day.  
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Insulin can be administered through multiple daily injections (MDI) or via a continuous 
subcutaneous insulin infusion pump (CSII). The combination of blood glucose monitoring 
techniques plus insulin administration processes can vary from person to person with T1DM 
depending on their preferences and needs.  

Although there have been advancements in the management of T1DM in recent years, there is 
still a substantial burden on people living with the condition. Closed loop systems (CLS) may 
offer a reduction of this burden.  

 

3. Health technology 

CLS and the artificial pancreas consist of medical devices that combine three elements: 
continuous monitoring of interstitial glucose levels (continuous glucose monitoring, CGM), 
insulin delivery using a pump, and a digital controller. The CGM device sends glucose data to the 
digital controller, which analyses the data using an algorithm and instructs the pump to adjust 
insulin delivery accordingly. Integrating these three functions creates an automated hybrid or 
fully closed loop system. The digital controller function can be integrated into the pump or CGM 
device (with a smartphone app providing the user interface), on a separate dedicated mobile 
device, or it can be an app on a regular smartphone. There are different types of algorithms used 
by digital controller devices for CLS. 

People with type 1 diabetes are still required to perform self-management tasks when using a 
CLS or artificial pancreas. For example, replacing CGM sensors, replacing insulin pump infusion 
sets, inserting new insulin capsules into the pump, and responding to alerts or alarms from the 
devices.  

There are six stages of development for CLS and the artificial pancreas (see below). Research is 
being conducted on developing devices at all six stages simultaneously. This evidence review 
focuses on second and third generation devices (stages four to six below). 

 Stage Description 

First 
generation 

1 Very low glucose insulin off pump. The insulin pump shuts off if the user does not 
respond to low glucose alarms. 

2 Hypoglycaemia minimiser. Predicted hypoglycaemia causes an alarm to sound, 
causing the pump to either reduce or stop administering insulin before blood 
glucose levels get too low. 

3 Hypoglycaemia and hyperglycaemia minimiser. This is essentially the same 
device as stage 2, but with the added ability to increase insulin therapy when 
glucose levels get above a pre-specified threshold. 

Second 
generation 

4 Automated basal or hybrid closed loop. An automated closed loop system at all 
times that requires users to manually enter estimated carbohydrates prior to 
mealtimes, resulting in the pump administering an insulin bolus. 

5 Fully automated insulin closed loop. An automated closed loop system at all 
times. Users do not need to manually input carbohydrates at any time. 

Third 
generation 

6 Fully automated multi-hormone closed loop. Also known as the artificial pancreas. 
Fully automated administration of insulin and other hormones, such as glucagon, 
mimics a healthy human pancreas. 

 

CLS are referred to in the published literature by three terms which are used interchangeably. For 
the purposes of this review the following technology definitions have been applied to refer to the 
devices assessed within published studies: 
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Artificial pancreas: a fully automated closed loop system that administers multiple hormones, 
for example insulin and glucagon. 

Closed loop system: a fully automated, insulin only system where the user is not required to 
administer an insulin bolus at mealtimes. 

Hybrid closed loop system: a closed loop system that requires the user to manually enter 
estimated carbohydrates at mealtimes to prompt the insulin pump to administer an insulin 
bolus. 

Although both commercial and DIY CLS are available, this evidence review focuses on the 
commercially available, regulated systems. The four main CLS available in the UK at the time of 
this review are hybrid closed loop systems: the Medtronic MiniMed 670G + Guardian 3 sensor, the 
Medtronic MiniMed 780G + Guardian 3 or 4 sensor, the Tandem t:slim X2 + Dexcom G6 sensor + 
Control IQ, and the CamAPS FX + DanaRS/Ypsopump + Dexcom G6 sensor. 

During consultation on this document, experts highlighted that there is variation in access to 
these devices across Wales and the wider UK, with those living in areas of deprivation perceived 
as being less likely to have use advanced diabetes technologies, and less likely to be offered 
access to them. 

 

4. Guidelines and guidance 

The NICE Guidelines on Type 1 diabetes in adults: diagnosis and management and Diabetes (type 1 and 
type 2) in children and young people: diagnosis and management were both updated in 2022 {NICE, 
2022 #40;NICE, 2022 #125}. These do not make specific recommendations about use of CLS, but 
both do recommend that where real-time CGM is offered to patients, the choice of CGM device 
should take into account whether a particular device integrates with the person’s insulin pump, 
if they use one, as part of a hybrid closed loop. 

NICE are also developing technology appraisal guidance for hybrid closed loop systems for 
managing blood glucose levels in type 1 diabetes (NICE 2022). 

 

5. Clinical effectiveness 

For details on the methodology used to identify evidence for this report, refer to Section 10.   

This report aimed to adapt evidence from the Scottish Health Technologies Group’s (SHTG) recent 
appraisal entitled ‘Closed loop systems and the artificial pancreas for the management of type 1 
diabetes’, published in January 2022 (SHTG 2022). The evidence from the SHTG report included a 
range of primary and secondary evidence including four meta-analyses; one network meta-
analysis (NMA) that compared multiple technologies for managing T1DM in adults Pease et al. 
(2020), one pairwise meta-analysis that compared CLS with sensor-augmented pump (SAP) 
therapy in adults with T1DM (Fang et al. 2022), one pairwise meta-analysis that compared CLS 
with ‘open loop’ systems in adults and adolescents (Karageorgiou et al. 2019) and one pairwise 
meta-analysis that compared CLS with any insulin-based intervention for managing T1DM in 
people of any age (Bekiari et al. 2018).   

We searched for evidence published after the latest search date in the SHTG report and we 
identified one systematic review and meta-analyses that reported on the relevant outcomes (Jiao 
et al. 2022). We also identified five recently published RCTs that met our inclusion criteria, one of 
which reported on quality of life outcomes.  
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Given the large amount of well-conducted secondary evidence available, this appraisal largely 
focusses on synthesising and reporting secondary evidence. Outcomes from five systematic 
reviews have been reported. We only included individual studies if they were published since the 
most recent sources of secondary evidence or if they reported outcomes of interest that were not 
reported by any systematic review.  

Section 4.1.1 describes the design of each main source of evidence. Section 4.1.2 summarises the 
RCTs included, and Section 4.2 outlines the key findings from these for each outcome of interest. 

5.1.1 Systematic reviews  

Pease et al. (2020) conducted a network meta-analysis (NMA) that compared multiple 
technologies for managing type 1 diabetes in adults. The literature search was conducted in April 
2019 and identified RCTs with a minimum intervention duration of 2 weeks. Studies in pregnant 
women were excluded. Interventions in the RCTs were technologies for insulin delivery, glucose 
monitoring, insulin dosing advice or multiple daily injections of insulin and self-monitoring of 
blood glucose. CLS were included and defined by the review authors as any combination of CGM 
and continuous subcutaneous insulin infusion (CSII, insulin pumps) that facilitated automated 
adjustment of insulin delivery. Multiple daily injections were defined as at least three bolus 
injections and one basal injection of insulin per day. Outcomes were defined as percentage time 
in range (3.9 to 10.0 mmol/L or 70 to 180 mg/dL), percentage time above range (hyperglycaemia, 
>10.0 mmol/L or >180 mg/dL), and percentage time below range (hypoglycaemia, <3.9 mmol/L or 
70mg/dL).  

Fourteen RCTs (n=1,043), published between 2014 and 2018, were included in the NMA. 
Comparisons within the NMA were largely based on indirect evidence, with only one or two RCTs 
providing direct evidence for each pairwise comparison. Five RCTs assessed a closed loop 
system; three of these trials had one or more UK sites and all used a cross-over design. Trials 
evaluating a closed loop system used CGM plus CSII as the comparator; in one trial the control 
group included using flash glucose monitoring or finger prick testing in place of CGM. In three of 
the RCTs the closed loop system was the Florence system, which uses an algorithm developed by 
Cambridge University. Mean sample size in the 14 included RCTs was 55 (standard deviation (SD) 
33) and the mean duration of intervention was 5 months (SD 3.0). Mean age of trial participants 
was 43.3 (SD 7.0), mean baseline HbA1c was 7.7% (SD 0.7%) and mean duration of type 1 diabetes 
was 21.4 years (SD 5.7). 

Pease et al. (2020) used the Cochrane risk of bias tool to assess the quality of the included RCTs. 
The majority of trials were judged to have an overall high or unclear risk of bias and all studies 
were considered to have a high risk of performance bias as a result of the lack of blinding of 
participants and outcome assessment. 

Fang et al. (2022) conducted a pairwise meta-analysis comparing CLS with SAP therapy in adults 
with T1DM. The literature search was conducted in March 2021; however, the meta-analysis did 
not include any trials published after 2017. Outcomes included blood glucose control, time in 
target range, low blood glucose index (LBGI), high blood glucose index (HBGI) and standard 
deviation (SD) of glucose variability. The authors included 12 RCTs (n=344) in the meta-analysis 
and found that the studies had a low risk of bias based on the Cochrane tool. Fang et al. (2022) 
also assessed the quality of evidence using GRADE and found the certainty of the evidence to be 
moderate or high for all outcomes.  

Karageorgiou et al. (2019) conducted a pairwise meta-analysis that compared CLS, including the 
artificial pancreas, with what is described as an ‘open loop’ (SAP therapy) in adolescents and 
children with type 1 diabetes. CLS and the artificial pancreas were defined as technologies where 
an algorithm connects a CGM device and an insulin pump, thereby determining insulin doses 
without input from the user. A literature search was conducted by the meta-analysis authors in 
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April 2018. Studies that compared glycaemic control using a closed loop system (single or dual 
hormone) with SAP therapy in people aged <18 with T1DM were eligible for inclusion. The primary 
outcome of interest was percentage time in range (4.0 to 10.0 mmol/L).  

Twenty-five studies (n=504), from 2010 to 2018, were included in total and 19 studies (n=364) were 
suitable for meta-analysis: the remainder were reported narratively. Sample size ranged from 
four to 54 participants. Mean age of study participants ranged from 5 years (SD 1.4) to 18.6 years 
(no SD reported). Duration of type 1 diabetes ranged from 2.1 years (SD 1.1) to 13.5 years (SD 11.9). 
Baseline HbA1c ranged from 7.3% (SD 0.9%) to 9.0% (SD 1.1%). Twenty-one studies were conducted 
in an outpatient setting; six included one or more UK sites. The intervention duration ranged from 
8 hours to 84 days (median 48 hours, mean 154 hours). Karageorgiou et al. (2019) used the 
Cochrane risk of bias tool and reported that all included studies had a high risk of performance 
bias due to lack of blinding.  

Bekiari et al. (2018) conducted a pairwise meta-analysis that compared CLS with any insulin-
based intervention for managing type 1 diabetes in people of any age. Sixteen of the studies in 
this meta-analysis were not included in meta-analyses described above. A literature search was 
conducted by the authors in February 2018. Studies eligible for inclusion were RCTs that 
incorporated adults, children, or adolescents with T1DM. Studies in pregnant women were 
excluded. CLS and the artificial pancreas were defined as a combination of an insulin pump and 
CGM, using a control algorithm that determined delivery of insulin or multiple hormones.  

Thirty-nine publications, describing 41 RCTs published between 2013 and 2017, were included in 
the meta-analysis. Thirty-two trials compared CLS with SAP therapy, five trials compared CLS 
with CSII plus blinded CGM, and four studies compared single and dual hormone CLS against a 
control group. The trials described 45 comparisons with a total of 1,042 participants. The follow 
up duration reported for individual trials ranged from one day to 12 weeks. Sixteen trials 
evaluated an overnight only closed loop system. Thirty-two trials used a single hormone closed 
loop system, five studies used a dual hormone artificial pancreas, and four studies trialled both 
single and dual hormone devices. Sample size ranged from eight to 75 people, with all but three 
studies recruiting less than 35 participants. Mean age of participants ranged from 7 to 47 years 
and mean baseline HbA1c ranged from 6.9% to 8.6%. Participants’ duration of type 1 diabetes was 
not reported. Twenty-six trials involved people using the devices at home.  

Bekiari et al. (2018) assessed study quality using the Cochrane risk of bias tool. Nine out of 39 
studies were considered to have a low risk of bias across all domains. Studies were most 
commonly assessed as high risk of bias because of complete reporting of outcome data (11 out 
of 39 studies).  

Jiao et al. (2022) conducted a meta-analysis that aimed to evaluate the effectiveness and safety 
of long-term use of closed-loop insulin systems in non-pregnant patients with type 1 diabetes. 
The authors included 11 RCTs with a total of 817 participants (adults and children). The literature 
search was conducted in May 2021. The experimental groups included were all single- hormone 
CLS, and the control groups included continuous subcutaneous insulin infusion (CSII) with 
blinded CGM or unblinded sensor-augmented pump (SAP) therapy, MDI, and predictive low-
glucose suspend (PLGS) system. The research observation period ranged from 8 weeks to 26 
weeks. The primary outcome for the study was the proportion (%) of time in target range (TIR) 
(3.9-10.0mmol/L). Secondary outcomes included the proportion (%) of time above target range 
(TAR) (>10 mmol/L), the proportion (%) of time below target range (TBR) (<3.9 mmol/L) and 
glycated haemoglobin changes (HbA1c %). Jiao et al. (2022) also reported on safety outcomes, 
including severe hypo/hyper glycaemia events and diabetic ketosis events. The authors used the 
Cochrane risk of bias tool to evaluate the quality of the studies included. They reported that none 
of the trials masked the participants to the intervention. Jiao et al. (2022) reported that the risk 
of selection bias, including random sequence generation and allocation concealment, was 
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considered low. There was also a low risk of attrition and reporting bias. Other than masking, 
most of the studies had low risk or unclear risk of bias.  

Detail on the design and characteristics of the systematic reviews is available in Table 1. Design 
and characteristics of the individual studies included within the reviews is summarised in 
Appendix 7. Because the scopes of the systematic reviews overlapped, some studies were 
included in more than one review. A total of 55 studies were included in the reviews, 29 of which 
were only included in a single review. The remaining 26 studies were included as a source of 
evidence by two or more of the reviews. 

5.1.2 Randomised controlled trials 

We included RCTs that were identified from the SHTG report and our subsequent search. We 
identified 15 RCTs comparing CLS with a relevant comparator that met our inclusion criteria and 
reported on outcomes of interest. (Abraham et al. 2021, Anderson et al. 2019, Biester et al. 2019, 
Blauw et al. 2021, Boughton et al. 2022, Choudhary et al. 2022, Collyns et al. 2021, Forlenza et al. 
2019, Haidar et al. 2021, Kariyawasam et al. 2022, Matejko et al. 2022, Reiss et al. 2022, von dem 
Berge et al. 2022, Ware et al. 2022b, Ware et al. 2022a). 

We also identified five RCTs that reported on quality of life outcomes in adults and young people 
using CLS (Abraham et al. 2021, Choudhary et al. 2022, Cobry et al. 2021, Matejko et al. 2022, 
Wheeler et al. 2022). 

Detail on the key findings of the RCTs is available in Table 4 (quality of life) and Appendix 3.  
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Table 1. Included systematic reviews: design and characteristics 

Review Search period Design, eligibility criteria Trial/patient characteristics Outcomes measured Follow-up period 

Pease et al. 
(2020) 

Up to April 2019 Network meta-analysis of RCTs.  
 
Included studies (parallel or 
crossover design, minimum study 
period 2 weeks) that compared 
technologies for insulin delivery, 
glucose monitoring, insulin 
dosing advice, or MDI and SMBG. 

14 studies included, 5 of which 
included CLS as an intervention. 
 
Adults >18 years old with T1DM were 

included. 

• Time in target 
glucose range 

• Time above range 
• Time below range 

Mean duration of 
intervention was 5 
months (SD 3.0). 

Karageorgiou 
et al. (2019) 

Up to April 2018 Pairwise meta-analysis.  
 
Included RCTs and non-RCTs 
comparing CLS (either single- or 
dual-hormone) with CSII. 

19 studies (RCTs and non-RCTs) 
included in meta-analysis. Results 
from a further 6 studies were 
included but not suitable for meta-
analysis. 
 
Adults >18 years old with T1DM were 

included.  

• Time in target 
glucose range 

• Time above range 
• Time below range 

The intervention 
duration ranged from 
8 hours to 84 days 
(Median 48 hours, 
mean 154 hours). 

Fang et al. 
(2022) 

Up to March 2021 Pairwise meta-analysis.  
 
Included RCTs comparing CLS with 
sensor-augmented pump therapy.  

12 studies included. 
 
Adults >18 years old with T1DM were 

included. 

• Blood glucose 
concentration 

• Time in range 

Follow up ranged 
from 80 hours to 44 
weeks 

Bekiari et al. 
(2018) 

Up to February 
2018 

Pairwise meta-analysis.  
 
Included RCTs (parallel or 
crossover design) comparing the 
use of any artificial pancreas 
system with any type of insulin-
based treatment (multiple daily 
insulin injections, insulin pump 
treatment without continuous 
glucose monitoring or with 
blinded continuous glucoses 
monitoring, and sensor 
augmented pumps with or 
without a low glucose suspend 
feature). 

41 included studies, 40 of which were 
suitable for meta-analysis. 
 
Non-pregnant adults, children, and 
adolescents with T1DM in the 
outpatient setting were included. 

• Time in glucose 
range 

• Time above range 
• Time below range 
• Incidence of severe 

hypoglycaemia 
• HbA1c 

Follow up duration 
reported for 
individual trials 
ranged from one day 
to 12 weeks. 
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Review Search period Design, eligibility criteria Trial/patient characteristics Outcomes measured Follow-up period 

Jiao et al. 
(2022) 

Up to May 2021 Pairwise meta-analysis. 
 
Included studies were RCTs (study 
period at least 8 weeks) 
comparing CLS to SAP, 
conventional insulin pumps, or 
MDI.  

11 studies included. 
 
Non-pregnant people (any age) with 
T1DM were included. 

• Time in target 
glucose range 

• Time above range 
• Time below range 
• HbA1c 
• Severe 

hypoglycaemia 
events 

• Severe 
hyperglycaemia 
events 

• Diabetic ketosis  

Follow up ranged 
from 8 to 26 weeks.   

Abbreviations: CLS: closed loop systems, CSII: continuous subcutaneous insulin infusion, RCT: randomised controlled trials, T1DM: type 1 diabetes mellitus, HbA1c: glycated 
haemoglobin, MDI: multiple daily injections, SAP: sensor-augmented pump, SMBG: self monitoring of blood glucose 
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 Clinical outcomes from systematic reviews 

5.2.1 Time in target glucose range (3.9-10.0 mmol/L) 

Time in target glucose range was reported as an outcome in all five of the systematic reviews. All 
but one review defined the time in target glucose range to be 3.9-10.00 mmol/L. (Bekiari et al. 
2018, Fang et al. 2022, Jiao et al. 2022, Pease et al. 2020). Karageorgiou et al. (2019) defined time 
in range as between 4.0-10.0 mmol/L.  

Results from all meta-analyses showed that CLS significantly increased the percentage time in 
target glucose range compared to controls (Bekiari et al. 2018, Fang et al. 2022, Jiao et al. 2022, 
Karageorgiou et al. 2019, Pease et al. 2020). 

Pease et al. (2020) conducted a network meta-analysis and found that mean percentage time in 
target glucose range was significantly greater based on 24-hour use of CLS compared to all other 
technologies in the analysis (10 RCTs, n=710), and for most technologies compared with 
nocturnal-only CLS. CLS had the highest probability of being best at increasing percentage time 
in target glucose range (91%) and nocturnal-only CLS had the highest probability of being second 
best for this outcome (86.3%). Similar results were found by the pairwise meta-analysis of seven 
studies conducted by Fang et al. (2022) that compared closed loop with SAP therapy. The authors 
reported that the mean difference in percentage time in target glucose range was 7.91% (95% CI 
4.45% to 11.37%, p<0.00001) and favoured CLS.  

Karageorgiou et al. (2019) also reported a greater mean percentage time in target glucose range 
with CLS compared with SAP therapy. A meta-analysis of 18 studies including adolescents and 
children reported a mean difference in percentage time in target glucose range (4.0 to 
10.0mmol/L) of 11.97% (95% CI 5.54% to 18.40%, p=0.0003).  

Bekiari et al. (2018) found that compared with the control group, CLS were associated with a 
statistically significant improvement in mean absolute time in target glucose range: an 
additional 2 hours 20 minutes spent in the target range of 3.9 to 10.0 mmol/L over a 24-hour 
period. The weighted mean different in percentage time in target glucose range from 32 studies 
was 9.62% (95% CI 7.54% to 11.70%, p<0.001).  

Jiao et al. (2022) pooled outcomes from 10 RCTs to analyse time in target glucose range. The 
authors found that compared to controls, TIR was 10.32% (95% CI 8.70% to 11.95%, p<0.00001) 
higher in CLS which was equal to 2 hours and 27 minutes per day.  

 

5.2.2 Time above glucose range (>10.0 mmol/L) 

For this outcome we identified four systematic reviews that compared CLS with different controls 
(Bekiari et al. 2018, Jiao et al. 2022, Karageorgiou et al. 2019, Pease et al. 2020).  

In the network meta-analysis for mean percentage time above range (10 RCTs, n=705) the 95% 
confidence interval for each comparison included zero, suggesting that no intervention 
performed significantly better than any other. The one exception was the comparison of 24-hour 
CLS with CGM plus CSII: mean difference (MD) 7.97%, 95% CI 0.82% to 15.11%). However Pease et al. 
(2020) reported that CLS had the highest probability of being best for reducing time above range 
(71.8%).  

Karageorgiou et al. (2019) reported favourable results for CLS for time spent in hyperglycaemia 
compared with SAP therapy, however the authors did not define the value for hyperglycaemia. 
The authors conducted a meta-analysis of 11 studies and reported the mean difference in 
percentage time above range as 3.01% (95% CI 1.68% to 4.34%, p<0.00001), which favoured CLS. The 
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authors also conducted a sensitivity analysis to explore heterogeneity; after excluding four 
studies the mean difference was 2.96%, 95% CI 0.76% to 5.17%.    

Similar results were found by Bekiari et al. (2018) in a meta-analysis of 22 RCTs that compared 
CLS with SAP therapy or CSII plus blinded CGM. The authors found statistically significant 
reductions in the mean absolute time spent in hyperglycaemia (>10.0 mmol/L) in the CLS group 
compared to SAP therapy: weighted MD in percentage time above range was 8.52% (95% CI 5.90% 
to 11.14%, p<0.001).  

Jiao et al. (2022) also found a significant difference that favoured CLS for time spent above target 
range. In a meta-analysis of 11 RCTs, the mean difference in percentage time above range was 
reported as 8.89% (95% CI -10.57 to -7.22%, p<0.00001).  

 

5.2.3 Time below glucose range (<3.9 mmol/L) 

For this outcome we identified four systematic reviews that compared CLS with different controls 
(Bekiari et al. 2018, Jiao et al. 2022, Karageorgiou et al. 2019, Pease et al. 2020).  

Pease et al. (2020) pooled results from 12 RCTs (n=872) to analyse percentage time below range 
(<3.9 mmol/L). The network meta-analysis found that no intervention was significantly better 
than any other for this outcome.   

The other three systematic reviews and meta-analyses found favourable results for CLS 
compared with controls for this outcome. Karageorgiou et al. (2019) defined time below glucose 
range as <4.0 mmol/L and found that the CLS group spent statistically significantly less time 
below target glucose range when compared with the SAP group: MD in percentage time below 
range was 0.67% (95% CI 0.21% to 1.13%, p=0.004).  

Bekiari et al. (2018) also found a significant reduction in time spent in hypoglycaemia in the CLS 
group compared with controls. The authors included 29 RCTs in the meta-analysis that compared 
closed loop with SAP therapy or CSII plus blinded CGM over 24 hours and reported a weighted 
mean difference in percentage time of 1.49% (95% CI 1.11% to 1.86%, p<0.001). Similar results were 
reported by Jiao et al. (2022): the authors pooled outcomes from 11 RCTs and reported a mean 
difference in percentage time spent in hypoglycaemia of 1.09% (95% CI -1.54 to -0.64, p<0.00001), 
which favoured CLS.  

 

5.2.4 HbA1c 

For this outcome we identified two systematic reviews that compared CLS with different controls 
(Bekiari et al. 2018, Jiao et al. 2022). 

Jiao et al. (2022) pooled outcomes from eight RCTs and found that compared to controls the use 
of CLS demonstrated a favourable effect on HbA1c, with a mean difference of -0.30% (95% CI -0.41% 
to -0.19%, p=<0.00001). Bekiari et al. (2018) pooled outcomes from 3 RCTs and reported a mean 
difference of -0.26% (95% CI -0.38 to -0.13, p<0.001) that favoured CLS.  

For further detail on outcomes see Table 2.  
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Table 2. Glycaemic outcomes from systematic reviews  

Outcome Evidence source(s) Number of studies Population Comparator Treatment effect 

Time in 
target 
glucose 
range (3.9-
10.0mmol/
L) * 

Pease et al. (2020) Network meta-
analysis of 10 RCTs  

Adults with T1DM. 
 
Studies that compared technologies for insulin delivery, 
glucose monitoring, insulin dosing, or multiple daily 
injections (MDI) and self-monitoring of blood glucose via 
capillary testing were included.  

MDI+SMBG MD in % time in range: 17.85 
(95% CI 9.28 to 26.42) 

MDI+FGM MD in % time in range: 13.29 
(95% CI 3.86 to 22.71) 

MDI+CGM MD in % time in range: 12.76 
(95% CI 4.87 to 20.64) 

CSII+CGM MD in % time in range: 8.77 
(95% CI 4.18 to 13.35) 

CSII+CGM/FGM
/SMBG 

MD in % time in range: 10.60 
(95% CI 6.46 to 14.74) 

Night only 
closed loop 

MD in % time in range: 3.87 
(95% CI 1.71 to 9.46) 

Jiao et al. (2022) Meta-analysis of 10 
RCTs  

Non-pregnant people with T1DM. 
 
Randomized controlled clinical trials on CLS with a study 
period of not less than 8 weeks were included. Controls 
could be SAP therapy, conventional insulin pump therapy, 
and multiple daily injections (MDI) therapy. 

CSII+CGM, 
CSII+SAP, MDI 
and PLGS (not 
reported 
separately)  

MD in % time in range: 10.32 
(95% CI 8.70 to 11.95) 
 
P<0.00001, favoured CLS 

Fang et al. (2022)  Pairwise meta-
analysis of 7 RCTs  

Adults with T1DM. 
 
Studies that compared CLS with SAP therapy were 
included.  

SAP therapy MD in % time in range: 7.91 
(95% CI 4.45% to 11.37%) 
 
P<0.0001, favoured CLS  

Karageorgiou et al. 
(2019) 

Pairwise meta-
analysis of 18 
studies  

Adolescents and children with T1DM. 
 
Studies that compared CLS including the artificial 
pancreas with ‘open loop’ SAP were included. 

SAP therapy  MD in % time in range (4.0 to 
10.0mmol/L) (18 studies): 11.97 
(95% CI 5.54% to 18.40%) 
 
P=0.0003, favoured CLS 
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Outcome Evidence source(s) Number of studies Population Comparator Treatment effect 

Bekiari et al. (2018)  Pairwise meta-
analysis of 32 RCTs  

People of any age with T1DM.  
 
Studies that compared CLS with any insulin-based 
intervention were included.  

SAP therapy or 
CSII plus 
blinded CGM 

Weighted MD in % time in 
range (32 studies): 9.62 
(95% CI 7.54 to 11.70) 
 
P<0.001, favoured CLS 

Time 
above 
glucose 
range 
(>10.0mmo
l/L) * 

Pease et al. (2020)  Network meta-
analysis of 10 RCTs  

Adults with T1DM. 
 
Studies that compared technologies for insulin delivery, 
glucose monitoring, insulin dosing, or multiple daily 
injections (MDI) and self-monitoring of blood glucose via 
capillary testing were included.  

MDI+SMBG MD in % time above range: 
12.90 
(95% CI -0.56 to 26.36) 

MDI+FGM MD in % time above range: 
13.79 
(95% CI -0.52 to 28.10) 

MDI+CGM MD in % time above range: 11.11 
(95% CI – 1.17 to 23.38) 

CSII+CGM MD in % time above range: -
7.97 
(95% CI-15.11 to -0.82) 

CSII+CGM/FGM
/SMBG 

MD in % time above range: -
7.04 
(95% CI -15.09 to 1.01) 

Night only 
closed loop 

MD in % time above range: 
3.63 
(95% CI -5.63 to 12.89) 

Jiao et al. (2022) Meta-analysis of 11 
RCTs 

Non-pregnant people with T1DM. 
 
Randomized controlled clinical trials on CLS with a study 
period of not less than 8 weeks were included. Controls 
could be SAP therapy, conventional insulin pump therapy, 
and multiple daily injections (MDI) therapy. 

CSII+CGM, 
CSII+SAP, MDI 
and PLGS (not 
reported 
separately)  

MD in % time above range: 
8.89 
(95% CI -10.57 to -7.22) 
 
P<0.00001, favoured CLS 

Bekiari et al. (2018) Pairwise meta-
analysis of 22 RCTs  

People of any age with T1DM.  
Studies the compared CLS with any insulin-based 
intervention were included.  

SAP therapy or 
CSII plus 
blinded CGM 

Weighted MD in % time above 
range (22 studies): 8.52 
(95% CI 5.90 to 11.14) 
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Outcome Evidence source(s) Number of studies Population Comparator Treatment effect 

P<0.001, favoured CLS 

Karageorgiou et al. 
(2019)  

Pairwise meta-
analysis of 11 
studies  

Adolescents and children with T1DM. 
 
Studies that compared CLS including the artificial 
pancreas with ‘open loop’ SAP were included. 

SAP therapy MD in % time above range 
(range not specified) (11 
studies): 3.01% 
(95% CI 1.68 to 4.34) 
 
P<0.00001, favoured CLS 

Time 
below 
glucose 
range (<3.9 
mmol/L)  

Karageorgiou et al. 
(2019)  

Pairwise meta-
analysis of 11 
studies  

Adolescents and children with T1DM. 
 
Studies that compared CLS including the artificial 
pancreas with ‘open loop’ SAP were included. 

SAP therapy  MD in % time below range 
(range <4.0 mmol/L) (11 
studies): 0.67 
(95% CI 0.21 to 1.13) 
 
P=0.004, favoured CLS 

Bekiari et al. (2018)  Pairwise meta-
analysis of 29 RCTs  

People of any age with T1DM.  
 
Studies the compared CLS with any insulin-based 
intervention were included.  

SAP therapy or 
CSII plus 
blinded CGM 

Weighted MD in % time below 
range (29 studies): 1.49 
(95% CI 1.11 to 1.86) 
 
P<0.001, favoured CLS 

Jiao et al. (2022) Meta-analysis of 11 
RCTs  

Non-pregnant people with T1DM. 
 
Randomized controlled clinical trials on CLS with a study 
period of not less than 8 weeks were included. Controls 
could be SAP therapy, conventional insulin pump therapy, 
and multiple daily injections (MDI) therapy. 

CSII+CGM, 
CSII+SAP, MDI 
and PLGS (not 
reported 
separately)  

MD in % time below range: 
1.09% 
(95% CI-1.54 to -0.64) 
 
P<0.00001, favoured CLS 

Pease et al. (2020)  Network meta-
analysis of 12 RCTs  

Adults with T1DM. 
 
Studies that compared technologies for insulin delivery, 
glucose monitoring, insulin dosing, or multiple daily 
injections (MDI) and self-monitoring of blood glucose via 
capillary testing were included.  

MDI+SMBG MD in % time below range: 
3.63 
(95% CI -2.11 to 9.37) 

MDI+FGM MD in % time below range: -
0.16 
(95% CI-6.73 to 6.42) 

MDI+CGM MD in % time below range: -
0.41 
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Outcome Evidence source(s) Number of studies Population Comparator Treatment effect 

(95% CI -5.62 to 4.80) 

CSII+CGM MD in % time below range: -
0.76 
(95% CI-3.81 to 2.28) 

CSII+CGM/FGM
/SMBG 

MD in % time below range: -
2.39 
(95% CI -6.89 to 2.12) 

Night only 
closed loop 

MD in % time below range: 
0.26 
(95% CI -4.01 to 4.53) 

Change in 
HbA1c (%) 

Jiao et al. (2022) Meta-analysis of 8 
RCTs  

Non-pregnant people with T1DM. 
 
Randomized controlled clinical trials on CLS with a study 
period of not less than 8 weeks were included. Controls 
could be SAP therapy, conventional insulin pump therapy, 
and multiple daily injections (MDI) therapy. 

CSII+CGM, 
CSII+SAP, MDI 
and PLGS (not 
reported 
separately)  

MD: -0.30% 
(95% CI -0.41 to -0.19) 
 
P=<0.00001, favoured CLS 

Bekiari et al. (2018) Meta-analysis of 3 
RCTs  

People of any age with T1DM.  
 
Studies the compared CLS with any insulin-based 
intervention were included.  

SAP therapy or 
CSII plus 
blinded CGM 

MD: -0.26% 
(95% CI -0.38 to -0.13) 
 
P<0.001, favoured artificial 
pancreas  

*Unless stated otherwise 
Abbreviations: MDI: multiple daily injections, FGM: flash glucose monitoring, CSII: continuous subcutaneous insulin infusion, CGM: continuous glucose monitoring, CLS: closed loop 
systems, T1DM: type 1 diabetes mellitus, MD: mean different, CI: confidence interval, SAP: sensor-augmented pump, RCT:  randomised controlled trial, SMBG: self-monitoring blood 
glucose, PLGS: predictive low-glucose suspend, HbA1c: glycated haemoglobin  
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5.2.5 Hypoglycaemic events 

Three of the identified systematic reviews reported on hypoglycaemic events. 

Jiao et al. (2022) reported on severe hypoglycaemic events however the authors did not include 
their definition of this. The authors reported no significant difference between the controls and 
the CLS groups for severe hypoglycaemic events. The authors reported 17/572 events in the CLS 
group and 10/451 in the control group, OR 1.58 (95% CI 0.72 to 3.47, p=0.26).  

Bekiari et al. (2018) reported data on incidents of severe hypoglycaemia which the authors 
defined as hypoglycaemia requiring third party assistance. The authors reported that 27 studies 
(n=804) found the incidence of severe hypoglycaemia reported in trials was very low, both in 
people using a closed loop system (six episodes) and in the control group using other insulin 
therapies (three episodes). 

Fang et al. (2022) reported adverse events as any hypoglycaemic event. The authors found that 
in studies comparing CLS with SAP therapy, statistically significant differences in adverse event 
risks favouring CLS were reported for hypoglycaemic events: risk ratio (RR) 0.54, (95% CI 0.35 to 
0.85, p=0.007).  

 

5.2.6 Severe hyperglycaemic events 

One systematic review reported on severe hyperglycaemic events. Jiao et al. (2022) included 7 
RCT in their analyses and reported 42/572 events in the CLS group, and 14/451 in the control group. 
The authors reported no statistically significant difference between groups: odds ratio 1.68 (95% 
CI 0.61 to 4.64, p=0.31).  

 

5.2.7 Diabetic ketosis 

One systematic review reported on diabetic ketosis events. Jiao et al. (2022) included 6 RCTs in 
their analyses and reported 5/572 events in the CLS group, and 7/451 in the control group. The 
authors reported no statistically significant difference between groups: odds ratio 0.65 (95% CI 
0.21 to 2.02, p=0.46).  

For further detail on safety outcomes, see Table 3.  

 

5.2.8 Quality of life  

No systematic reviews reported this outcome, so we searched for and included evidence from 
individual studies. We identified five RCTs that reported on quality of life outcomes in adults and 
young people using CLS (Abraham et al. 2021, Choudhary et al. 2022, Cobry et al. 2021, Matejko et 
al. 2022, Wheeler et al. 2022).  

Cobry et al. (2021) considered health-related quality of life and treatment satisfaction in 101 
children aged 6 to 13 years who participated in a trial of the Tandem t:slim Control IQ closed loop 
system. The study participants had been diagnosed with type 1 diabetes at least one year prior to 
the trial. Person-reported outcomes (PRO) were used to assess the utility of the closed loop 
system and the impact on quality of life. Satisfaction measures were obtained from children and 
their parents or caregivers prior to the start of the trial, at the end of the randomisation phase 
(week 16). There were no statistically significant differences in PRO measures in the children on 
the closed loop system, nor their parents, compared with the SAP group. Sleep scores for parents 
and caregivers of the closed loop system group improved between the baseline measurement 
and 16 weeks, although the changes were not statistically significant.  
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Abraham et al. (2021) conducted a six-month multi-centre RCT of the Medtronic MiniMed 670G 
hybrid closed loop system in children and adolescents (n=135) with type 1 diabetes. Secondary 
outcomes in the trial included psychosocial measures collected using a diabetes-specific 
paediatric quality of life questionnaire. Quality of life scores were found to be higher in the group 
using the hybrid closed loop system compared with the control group. The improved quality of 
life scores were attributed by the study authors to reduced worry, increased confidence and trust 
in the hybrid closed loop system. Overall, participants found the hybrid closed loop system 
helpful for the day-today management of their diabetes. 

Wheeler et al. (2022) reported sub-study data from a dual-centre, randomised, open-label, two-
sequence crossover study in automated insulin delivery naïve users, comparing Medtronic 
MiniMed Advanced Hybrid Closed-Loop (AHCL) to Sensor Augmented Pump therapy with 
Predictive Low Glucose Management (SAP+PLGM). At the end of each 4-week intervention, 
impacts on quality of life, sleep and treatment satisfaction were compared using seven age-
appropriate validated questionnaires given to patients or caregivers. Statistically significant 
differences favouring closed loop were demonstrated in several scales, specifically those 
assessing treatment satisfaction and the PSQI examining subjective sleep.  

Choudhary et al. (2022) compared AHCL to MDI+FGM in 82 adults and reported on quality of life 
and glycaemic outcomes (see Appendix 3 for glycaemic outcomes). At the end of 6 months follow 
up, diabetes treatment satisfaction questionnaire status and diabetes treatment satisfaction 
questionnaire change both improved in the CLS group relative to controls. Significant 
improvements in favour of CLS were also reported for total fear of hypoglycaemia score. There 
was no statistically significant difference between groups in diabetes quality of life 
questionnaire score; although some subscales of this did suggest significant benefit for CLS over 
controls. 

Matejko et al. (2022) compared AHCL to MDI+FGM in 41 adults and reported on quality of life and 
glycaemic outcomes (see Appendix 3 for glycaemic outcomes). Patients were followed up for 3 
months and quality of life measured using the Qol-Q diabetes tool. There was no significant 
difference in change in overall quality of life score (from baseline to 3 month follow up) between 
the treatment groups. 

See Table 4 for further detail on quality of life outcomes.  
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Table 3. Safety outcomes from systematic reviews 

Outcome Evidence 
source(s) 

Number of 
studies 

Population Comparator Reported effect Relative effect 
[95% CI]  

Severe 
hypoglycaemic 
events 

Jiao et al. 
(2022) 

5 RCTs Non-pregnant people with T1DM. 
 
Randomized controlled clinical trials on CLS with a 
study period of not less than 8 weeks were included. 
Controls could be SAP therapy, conventional insulin 
pump therapy, and multiple daily injections (MDI) 
therapy. 

CSII+CGM, CSII+SAP, 
MDI and PGLS (not 
reported separately) 

CLS: 17/572 
Control: 10/451 

OR 1.58 (95% CI 
0.72 to 3.47) 
 
P=0.26, favoured 
neither 

Hypoglycaemic 
events 

Fang et al. 
(2022) 

4 studies Adults with T1DM. 
 
Studies that compared CLS with SAP therapy were 
included 

SAP therapy NR RR 0.54, (95% CI 
0.35 to 0.85, 
p=0.007 

Bekiari et 
al. (2018) 

27 studies People of any age with T1DM.  
 
Studies the compared CLS with any insulin-based 
intervention were included.  

SAP therapy or CSII 
plus blinded CGM 

27 studies (n=804) found 
that the incidence of 
severe hypoglycaemia 
reported in trials was 
very low, both in people 
using a closed loop 
system (six episodes) 
and in the control group 
using other insulin 
therapies (three 
episodes). 

NR 

Hyperglycaemic 
events 

Jiao et al. 
(2022) 

7 RCTs Non-pregnant people with T1DM. 
 
Randomized controlled clinical trials on CLS with a 
study period of not less than 8 weeks were included. 
Controls could be SAP therapy, conventional insulin 
pump therapy, and multiple daily injections (MDI) 
therapy. 

CSII+CGM, CSII+SAP, 
MDI and PGLS (not 
reported separately) 

CLS: 42/572 
Controls: 14/451 

OR 1.68 (95% CI 
0.61 to 4.64) 
 
P=0.31, favoured 
neither 
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Outcome Evidence 
source(s) 

Number of 
studies 

Population Comparator Reported effect Relative effect 
[95% CI]  

Diabetic 
ketosis 
events 

Jiao et al. 
(2022) 

6 RCTs Non-pregnant people with T1DM. 
 
Randomized controlled clinical trials on CLS with a 
study period of not less than 8 weeks were included. 
Controls could be SAP therapy, conventional insulin 
pump therapy, and multiple daily injections (MDI) 
therapy. 

CSII+CGM, CSII+SAP, 
MDI and PGLS (not 
reported separately) 

CLS: 5/572 
Control: 7/451  

OR 0.65 (95% CI 
0.21 to 2.02)  
 
P=0.46, favoured 
neither  

Abbreviations: RCT: randomised controlled trials, T1DM: type 1 diabetes mellitus, CSII: continuous subcutaneous insulin infusion, CGM: continuous glucose monitoring, CLS: closed 
loop systems, SAP: sensor-augmented pump, PGLS: predictive low-glucose suspend, MDI: multiple daily injections 

 

Table 4. Quality of life outcomes from RCTs  

Study Outcome Measure/subscale Reported treatment effect  p value 

Choudhary et al. (2022) DTSQs treatment satisfaction score n/a MBTE: 6.2 (95%CI 2.9 to 9.4) 0.0003 

DTSQc treatment satisfaction score n/a MBTE: 13.7 (95%CI 7.04 to 12.64) <0.0001 

Fear of hypoglycaemia Total score MBTE: -6.9 (95%CI -13.5 to -0.3) 0.041 

Behaviour MBTE: -3.8 (95%CI -7.5 to -0.1) 0.047 

Worry MBTE: -3.0 (95%CI -7.4 to 1.4) 0.18 

DQoL Total score MBTE: 3·8 (95%CI −2·1 to 9·7) 0·20 

Treatment satisfaction score MBTE: 12·4 (95%CI 3·9 to 21·0) 0·0052 

Treatment impact score MBTE: 4·0 (95%CI −0·2 to 8·3) 0·062 

Social worry score MBTE: −2·1 (95%CI −11·2 to 7·0) 0·64 

Diabetes worry score MBTE: −1·7 (95%CI −11·3 to 7·8) 0·72 

General well-being score MBTE: 7·2 (95%CI −1·4 to 15·8) 0·10 

Matejko et al. (2022) QoL-Q Diabetes  Overall score AD: 19.9 (95%CI -17.7 to 57.6) 0.29 

Cobry et al. (2021) Fear of Hypoglycaemia Behaviour subscale AD: -7.5 (95% CI -15.4 to 0.4) 0.07 
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Study Outcome Measure/subscale Reported treatment effect  p value 

 
RCT (CLS vs SAP) 
 
Children aged 6-13 years (n=101) 
 
Follow up: 16 weeks 

Worry subscale AD: -4.8 (95%CI -11.7 to 2.1) 0.19 

Avoidance subscale AD: -4.6 (95% CI -12.0 to 2.9) 0.25 

Maintain high BG subscale AD: -10.3 (95% CI -21.1 to 0.4) 0.07 

Helplessness subscale AD: -4.0 (95% CI -11.9 to 3.8) 0.30 

Social consequences subscale AD: -7.4 (95% CI-15.0 to 0.1) 0.07 

Total score AD: -6.0 (95% CI -12.3 to 0.3) 0.07 

PedsQL Diabetes Module Diabetes subscale AD: 2.7 (95% CI-2.6 to 8.1 0.31 

Treatment I subscale AD: 6.1 (95% CI -1.6 to 13.8) 0.13 

Treatment II subscale AD: 4.2 (95% CI -0.1 to 12.6) 0.07 

Worry subscale AD: -1.6 (95% CI -9.8 to 6.6) 0.69 

Communication subscale AD: 7.3 (95% CI -3.2 to 17.7 0.19 

Total score AD: 4.0 (95% CI -1.0 to 9.1) 0.13 

PSQI n/a AD: -1.3 (95% CI -2.8 to 0.3) 0.13 

Abraham et al. (2021) 
 
RCT (CLS vs CSI or MDI with or 
without CGM) 
 
Children and adolescents (n=135) 
 
Follow up: 6 months 

PedsQL V3 n/a MD: 4.4 (95% CI 0.4 to 8.4)  0.03 

PAID n/a MD: -4.5 (95% CI -10.6 to 1.6) 0.14 

Fear of hypoglycaemia (HFS-II worry)  n/a MD: -1.8 (95% CI-4.9 to 1.3) 0.24 

Hypoglycaemia awareness gold score n/a Median difference: 0 (95% CI 0 to 0) 0.45 

DTSQ Adults n/a MD: -5.2 (95% CI -9.2 to – 1.2) 0.01 

DTSQ Children n/a MD: -3.3 (95% CI -6.0 to – 0.6) 0.02 

Wheeler et al. (2022) 
 
RCT (CLS vs SAP+PLGM)  
Adults and children (n=59) 
 
Follow up: 4 weeks 

DTSQs Adults n/a CLS: Mean 30.9 ± 0.7 (SE) 
Control: Mean 27.9 ± 0.7 (SE) 

0.004 

DTSQs Adolescents n/a CLS: Mean 38.8 ± 0.9 (SE) 
Control: Mean 38.3 ± 0.9 (SE) 

0.681 

DTSQs Parents n/a CLS: Mean 47.2 ± 1.2 (SE) 
Control: Mean 45.1 ± 1.2 (SE) 

0.258 
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Study Outcome Measure/subscale Reported treatment effect  p value 

DTSQc Adults n/a CLS: Mean 11.7 ± 0.8 (SE) 
Control: Mean 9.2 ± 0.9 (SE) 

0.032 

DTSQc Adolescents n/a CLS: Mean 14.8 ± 0.7 (SE) 
Control: Mean 12.1 ± 0.8 (SE) 

0.024 

DTSQc Parents n/a CLS: Mean 17.9 ± 1.5 (SE) 
Control: Mean 13.4 ± 1.6 (SE) 

0.064 

PSQI (>16 yrs) n/a CLS: Mean 4.8 ± 0.3 (SE) 
Control: Mean 5.7 ± 0.3 (SE) 

0.048 

HFS-II Adult Behaviour subscale CLS: Mean 1.13 ± 0.08 (SE) 
Control: Mean 1.26 ± 0.08 (SE) 

0.189 

Worry subscale CLS: Mean 1.01 ± 0.11 (SE) 
Control: Mean 1.1 ± 0.11 (SE) 

0.572 

HFS-II Child Behaviour subscale CLS: Mean 2.09 ± 0.06 (SE) 
Control: Mean 2.02 ± 0.06 (SE) 

0.452 

Worry subscale CLS: Mean 1.07 ± 0.05 (SE) 
Control: Mean 1.14 ± 0.05 (SE) 

0.331 

HFS-II Parent Behaviour subscale CLS: Mean 2.02 ± 0.08 (SE) 
Control: Mean 1.94 ± 0.08 (SE) 

0.527 

Worry subscale CLS: Mean 1.35 ± 0.06 (SE) 
Control: Mean 1.28 ± 0.06 (SE) 

0.510 

HCS (>16 yrs) n/a CLS: Mean 3.3 ± 0.1 (SE) 
Control: Mean 3.2 ± 0.1 (SE) 

0.229 

WHO-5 (>8 yrs)  n/a CLS: Mean 69.5 ± 1.3 (SE) 
Control: Mean 68.1 ± 1.4 (SE 

0.365 

Abbreviations: MD: mean difference, AD: adjusted difference, n/a: not applicable, CLS: closed loop systems, DQOL: diabetes quality of life questionnaire; SAP: sensor augmented pump, 
CGM: continuous glucose monitoring, MDI: multiple daily injections, RCT: randomised controlled trial, SAP+PLGM: sensor augmented pump therapy with predictive low glucose 
management; DTSQs: Diabetes treatment satisfaction questionnaire status, DTSQc: Diabetes treatment satisfaction questionnaire change, MBTE: model-base treatment effect; PSQI: 
Pittsburgh Sleep Quality Index, HFS-II: Hypoglycaemia Fear Survey, HCS: hypoglycaemia confidence scale, WHO-5: World Health Organisation Well-Being Index, PAID: Problem Areas in 
Diabetes; PedsQL V3: Paediatric Quality of Life Inventory, version 3: Qol-Q: quality of life questionnaire 
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5.2.9 Additional evidence from randomised controlled trials  

In addition to the secondary evidence, we identified 15 RCTs comparing CLS with a relevant 
comparator that were not included in the secondary literature (Abraham et al. 2021, Anderson et 
al. 2019, Biester et al. 2019, Blauw et al. 2021, Boughton et al. 2022, Choudhary et al. 2022, Collyns 
et al. 2021, Forlenza et al. 2019, Haidar et al. 2021, Kariyawasam et al. 2022, Matejko et al. 2022, 
Reiss et al. 2022, von dem Berge et al. 2022, Ware et al. 2022b, Ware et al. 2022a).  

Eight of these RCTs were included in the SHTG report, and seven were published after the SHTG 
report. Eight of the trials included children and adolescents. The follow up ranged from 60 hours 
to 6 months.  

The trials report similar results to those found in the secondary literature: statistically 
significant improvements in mean percentage time in range favouring CLS over the comparator.  

Five RCTs reported on percentage change in HbA1c. Three of these trials were conducted in 
children. In four trials, there were statistically significant reductions reported in the closed loop 
groups compared to controls (Choudhary et al. 2022, Matejko et al. 2022, von dem Berge et al. 
2022, Ware et al. 2022a). In the trial by Reiss et al. (2022), change in HbA1c from baseline to 6 
months did not differ significantly between CLS and control treatment (MDI or open loop pump). 

The majority of trials involved people with well controlled type 1 diabetes or did not report 
participants’ levels of diabetes control. Two trials involved people who had less well controlled 
type 1 diabetes (Anderson et al. 2019). Anderson et al. (2019) included adults (n=44) with type 1 
diabetes that were described as being at moderate or high risk of hypoglycaemia. Participants in 
this trial were randomised to either a hybrid closed loop system or SAP therapy. Mean percentage 
time in target range (3.9 to 10 mmol/L) showed a statistically significant increase in the closed 
loop group and decrease in the SAP group (p<0.001). A similar pattern occurred for percentage 
time above and below target range. Choudhary et al. (2022) included people with HbA1c at least 
8.0% who were described as having suboptimal glucose control. Participants (n = 82) were 
randomised to AHCL or MDI+FGM. At 6 months, mean change from baseline in HbA1c favoured the 
AHCL group (−1·54% (SD 0·73) in the AHCL group and −0·20% (0·80) in the MDI+FGM group, model-
based treatment effect −1·42% [95% CI −1·74 to −1·10]). Mean time in target glucose range was 70·6% 
[SD 9·7] in the AHCL group vs 43·6% [SD 15.37] in the MDI+FGM group, which also favoured 
treatment with AHCL (model-based treatment effect 27·6%, 95% CI 21·6 to 33·6). 

A summary of the key findings from these RCTs is presented in Appendix 3. 

 

 Ongoing studies 

We identified five ongoing randomised controlled trials. All ongoing RCTs appear to have a 
relatively small, estimated sample size and are not planning longer follow up lengths than the 
current evidence. One of the larger RCTs (n=280) is planning to recruit a more diverse population 
of patients with T1DM with the study population having a larger range for duration of diabetes 
and glycaemic control. Another RCT (n=124) is planning to evaluate the safety and efficacy of the 
advanced hybrid closed loop (AHCL) system in sub-optimally controlled patients with T1DM. 
These trials may address gaps in the evidence where most trials included people with well 
controlled diabetes and who had the condition for several years. Although two of the ongoing 
RCTs refer to the intervention as the artificial pancreas, they are not planning the use of multiple 
hormones.  

See Appendix 5 for more detail on the identified ongoing trials.  
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 Certainty of the evidence 

• The clinical evidence mostly included small cross-over RCTs that tested the use of CLS 
over relatively short periods of time, in people with well controlled diabetes who have had 
the condition for several years. There is less evidence available on other groups of people 
with diabetes, such as those with problematic hypoglycaemia. Experts highlighted that 
studying people with well-controlled diabetes means that meaningful changes in some 
outcomes will be difficult to detect: for example episodes of hypoglycaemia are likely to 
be rare in this population at baseline, and remain rare throughout the period of study.  

• Additionally, for several outcomes we report no statistically significant difference 
between CLS and controls for outcomes such as hypo/hyperglycaemic events, diabetic 
ketoacidosis and changes to quality of life. In at least some cases, the studies reporting 
these outcomes were not adequately statistically powered to measure such changes, and 
the results should be interpreted with this in mind. 

• High heterogeneity was present in most of the meta-analyses, for all outcomes. 
Potentially due to small study size, multiple different closed loops systems in the 
intervention group, and use of a variety of methods of insulin therapy in the control 
groups. 

• Evidence assessing the artificial pancreas defined as ‘multi-hormone’ closed loop was 
lacking. 

• Given the rapidly changing nature of these systems, some of the secondary evidence 
reviewed may be based on technologies that have since been superseded by newer 
models. The newer CLS devices can have more complex algorithms that allow finer 
adjustments for exercise, automatic correction boluses, individual glycaemic targets and 
learning based on an individual’s history. Although we have focussed on CLS devices that 
have relevant regulatory approval and that are available in the UK, we acknowledge that 
some of the systematic reviews included devices that do not meet these criteria, either 
because they do not have UK regulatory approval or have been superseded by newer 
systems and are no longer available.  

 

6. Cost effectiveness 

 Health economic literature review 

We updated the systematic literature review conducted by the Scottish Health Technology Group, 
(SHTG 2022), to answer the research question: what is the cost-effectiveness of CLS for people 
with type 1 diabetes (T1DM)? Appendix 2 (the PRISMA diagram) summarises the selection of 
articles for inclusion in our evidence review. SHTG (2022) considered one published health 
economic study (Roze et al. 2021) and undertook an original cost-utility analysis. Both analyses 
were included in our health economic review and are summarised in Table 5.  

No new health economic studies, published since the SHTG Advice Statement, have been 
included. The titles and abstracts of records identified in the updated search were screened and 
six records were deemed potentially relevant. The full texts of these studies were reviewed 
against the inclusion/exclusion criteria and all were excluded. One study was excluded because 
it provided commentary on another study identified in the review. One was a duplicate of the 
study reviewed by SHTG. Four studies were selectively excluded (Jendle et al. 2021, Lambadiari et 
al. 2022, Pease et al. 2022, Serné et al. 2022), due to the availability of more applicable evidence.  

Both Roze et al. (2021) and the SHTG cost-utility analysis considered a UK NHS perspective. While 
SHTG evaluated CLS against all comparators of interest, Roze et al. (2021) compared a hybrid 
closed loop system against CSII, with or without CGM (CSI±CGM). Roze et al. (2021) was 
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considered only partially applicable, with potentially serious limitations, whereas SHTG (2022) 
was considered directly applicable with minor limitations. 

SHTG 2022  

SHTG (2022) conducted pairwise evaluations of CLS against MDI+SMBG, MDI+FGM, MDI+CGM and 
CSII+CGM for adults with T1DM and baseline HbA1c of 7.7%. An Excel-based implementation of the 
Sheffield Type 1 Diabetes Model captured the benefit of alternative strategies via modelled 
reductions in HbA1c and the incidence of non-severe (NSHE) and severe (SHE) hypoglycaemic 
events. Estimates of time within range and time below range from clinical studies were mapped 
to these modelled effects using a published algorithm (HbA1c) and assumptions 
(hypoglycaemia). Increased intervention costs associated with CLS were estimated to be partially 
offset by a reduction in SHE and vascular events (predicted due to improved HbA1c).  

CLS was associated with the highest estimated costs and quality-adjusted life years (QALYs), 
except for CSII+CGM. SHTG concluded that CLS was expected to be more effective and cost saving 
compared with CSII+CGM, but not cost-effective compared with MDI+SMBG, MDI+FGM, MDI+CGM 
with incremental cost-effectiveness ratios (ICER) between £44,920 and £79,664 per QALY gained. 
Although SHTG did not conduct a fully incremental analysis, the base case results suggest that 
MDI+FGM would be the optimal strategy at a cost-effectiveness threshold of £20,000 per QALY 
gained. Sensitivity analyses showed results were most sensitive to alternative assumptions 
around reductions in NSHE and associated impacts on quality of life. 

Roze et al. 2021 

Roze et al. (2021) compared a hybrid closed loop system (MiniMed 670G) with CSII±CGM in adults 
and adolescents with T1DM, who had been using CSII for at least six months. The benefits of 
alternative strategies were captured within the IQVIA CORE Diabetes Model via modelled 
reductions in HbA1c, the incidence of SHE, and fear of hypoglycaemia. Effectiveness inputs were 
not informed by comparative data and their appropriateness is unclear. For the intervention, 
HbA1c and SHE inputs were informed by a non-randomised single-arm study; while for the 
control, self-reported SHE rates were applied from non-UK population studies, not restricted to 
those using CSII.  

In addition to utility gains associated with reduced SHE incidence, a utility benefit associated 
with reduced fear of hypoglycaemia was applied to the intervention arm (0.0552). This was based 
on reduced Hypoglycaemia Fear Survey-II scores (HFS) among CSII-treated T1DM patients 
following the addition of CGM observed in the INTERPRET study and the relationship between HFS 
(worry subscale) and utility modelled in a UK study of people with diabetes. It is possible this 
benefit may be overestimated, as INTERPRET does not accurately reflect the modelled strategies, 
the observed reduction in HFS on the worry subscale was lower than total HFS, and it is unclear 
whether the impact of fear is included within the disutilities applied to SHE. 

The hybrid closed loop system was associated with higher estimated costs and QALYs than 
CSII±CGM, with an ICER of £20,421 per QALY gained. Sensitivity analyses showed results were 
most sensitive to the exclusion of the utility benefit associated with reduced fear of 
hypoglycaemia (ICER £55,012 per QALY). The extent to which uncertainty was explored was 
unclear due to limited reporting.



 
 

Page 27 of 98 
 

EAR045 November 2022 
 

Table 5. Summary of included health economic studies: SHTG (2022), Roze et al. (2021) 

Study details Study population and design  Data sources Results Quality assessment 

Author and 
year: SHTG 
(2022) 
 
Country: 
Scotland 
 
Type of 
economic 
analysis: Cost-
utility analysis  
 
Perspective: 
NHS Scotland 
 
Currency: 
GBP (£) 
 
Price year: 
2020/21 
 
Time horizon: 
Lifetime 
 
Discounting:  
Costs and 
outcomes 
discounted at 
3.5% per year 
 
Potential 
conflict of 
interest: 
None 

Population 
Adults with well-controlled 
T1DM in Scotland. Baseline 
characteristics of the 
modelled cohort were based on 
the NMA reported by Pease et 
al (age 43.3 years, duration of 
diabetes 21.4 years, HbA1c 7.7%) 
and Scottish T1DM cohort 
studies. 
 
Intervention  
CLS 
 
Comparator 
MDI+SMBG 
MDI+FGM 
MDI+CGM 
CSII+CGM 
CSII+FGM (exploratory only) 
 
Study design 
Cost-utility analysis using an 
Excel-based implementation 
of the Sheffield Type 1 Diabetes 
Model. 
 
The model uses patient 
characteristics (e.g., age and 
HbA1c) to predict long-term 
microvascular complications, 
macrovascular complications, 
and mortality. Annual event 
rates control the estimated 
incidence of non-severe 
(NSHE) and severe (SHE) 
hypoglycaemic events. 

Source of baseline and 
effectiveness data: 
HbA1c reductions were estimated 
based on incremental time in range 
estimates from an NMA of RCTs 
(Pease et al. 2020). 
 
Reductions in hypoglycaemic event 
rates were assumed based on 
individual RCTs. Reductions were 
applied relative to MDI+SMBG, with 
baseline event rates taken from two 
Scottish population studies.  
 
Probabilities of microvascular and 
macrovascular events were derived 
from large type 1 (DCCT, EDIC, 
WESDR) and type 2 (UKPDS) diabetes 
studies, adjusted for HbA1c.  
 
Source of resource use and cost 
data: 
Intervention-related resource use 
included insulin pumps, 
transmitters, sensors, and 
consumables. Daily frequency of 
finger prick testing was assumed to 
be three times for CLS, six times for 
MDI+SMBG, twice for CGM and 90% 
reduction versus SMBG for FGM 
(based on IMPACT). 
 
Unit costs of devices and 
consumables were sourced from 
National Procurement Scotland and 
the National Tariff.  Costs of insulin, 

Base case results 
 
Costs 
(i) CLS: £120,471 

MDI+SMBG: £40,117 
Incremental: £80,354 

(ii) CLS: £120,607 
MDI+FGM: £45,378 
Incremental: £75,093 

(iii) CLS: £120,557 
MDI+CGM: £83,547 
Incremental: £37,010 

(iv) CLS: £119,801 
CSII+CGM: £120,753 
Incremental: CLS saves £953 

 

QALYs 
(i) CLS: 12.970 

MDI+SMBG: 11.181 
Incremental: 1.789 

(ii) CLS: 12.951 
MDI+FGM: 12.009 
Incremental: 0.943 

(iii) CLS: 12.949 
MDI+CGM: 12.332 
Incremental: 0.627 

(iv) CLS: 12.987 
CSII+CGM: 12.164 
Incremental: 0.823 

 
ICER (cost per QALY): 
(i) £44,920 versus MDI+SMBG 
(ii) £79,664 versus MDI+FGM 
(iii) £58,996 versus MDI+CGM 
(iv) Costs less and is more effective 

(dominates) versus CSII+CGM 

Applicability 
The study is directly applicable as it 
was conducted from the NHS 
perspective. 
 
Limitations 
This study has minor limitations. 
• The modelled population 

excludes children. 
• The impact of interventions on 

event incidence is uncertain. 
Efficacy data from clinical 
studies could not be used 
directly in the model. Algorithms 
and assumptions were required 
to map time in or below range to 
reductions in HbA1c levels and 
hypoglycaemia incidence.  

• Effectiveness data included in 
the NMA were highly 
heterogeneous. Individual RCTs 
were selected to inform 
hypoglycaemia inputs (a key 
model driver) where there was 
inconsistency in time below 
range estimates from NMA. 

• Diabetic ketoacidosis and 
adverse events were not 
considered. Though this is 
unlikely to influence cost-
effectiveness conclusions. 

• Quality of life impacts of 
intervention and reduced fear of 
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Study details Study population and design  Data sources Results Quality assessment 

Modelled outcomes are used 
to estimate costs, QALYs and 
life-expectancy. 
 
Percentage time in glycaemic 
range (3.9 to 10 mmol/L) was 
mapped to differences in 
HbA1c using a published 
algorithm. Reductions in 
hypoglycaemic event rates 
were assumed based on 
reduction in time with glucose 
<3.9mmol/L (NSHE) and <2.8 or 
2.2 mmol/L (SHE). 

training and clinical contact were not 
modelled. 
 
Microvascular, macrovascular and 
SHE event costs were sourced from 
NHS reference costs and the 
published literature. No cost was 
applied to NSHE. 
 
Source of quality of life data: 
Utilities and disutilities were sourced 
from the published literature and 
applied additively. 
 
Baseline utility was derived from a 
UK study reporting EQ-5D among 
people with T1DM. This value was 
adjusted for age and sex using a 
published algorithm for the general 
population. 
 
Constant per-event disutilities were 
applied to NSHE and SHE. Values for 
daytime events were sourced from a 
time-trade off study of people with 
T1DM in five countries, including the 
UK.  
 
Utility benefits associated with 
intervention or reduced fear of 
hypoglycaemia were not modelled. 

 
Reported costs and QALYs for CLS 
varied across the pairwise 
comparisons presented. This limits 
our ability to determine the results of 
a fully incremental analysis. 
However, the base case results 
suggest that MDI+FGM would be the 
optimal strategy at a cost-
effectiveness threshold of £20,000 
per QALY gained.   
 
Scenario analysis 
Exploratory analysis compared CLS 
to CSII+FGM, using NMA estimates of 
time in range for 
CSII+FGM/CGM/SMBG and an 
assumed reduction in NSHE (20%). 
CLS was estimated to provide 1.138 
additional QALYs at an additional 
cost of £38,098; corresponding to an 
ICER of £33,475 per QALY gained. 
 
Sensitivity analysis 
Deterministic sensitivity analysis 
showed results were most sensitive 
to the exclusion of treatment-related 
reductions in NSHE.  
 
CLS dominated CSII+CGM throughout 
the analyses. Versus other 
comparators, the estimated cost-
effectiveness of CLS worsened when 
NSHE effects were removed or NSHE 
disutility reduced. Cost-effectiveness 
improved when disutility values for 
NSHE from the general population, 
baseline HbA1c from the Scottish 
population (8.6%) and upper 

hypoglycaemia were not 
considered. 

• Many event costs relate to a 
population with type 2 diabetes, 
for which more contemporary 
costs may be available. 

• A fully incremental analysis, 
where all strategies are 
compared against each other, 
was not conducted. 
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Study details Study population and design  Data sources Results Quality assessment 

estimates of HbA1c benefit were 
used; however, ICERs remained 
above £30,000 per QALY.  
 
In probabilistic sensitivity analyses 
the probability of CLS being cost-
effective at £20,000 per QALY was: 
(i) <10% versus MDI+SMBG 
(ii) <10% versus MDI+FGM 
(iii) around 10% versus MDI+CGM 
(iv) 75 to 80% versus CSII+CGM 

Author and 
year: Roze et al. 
(2021) 
 
Country: UK 
 
Type of 
economic 
analysis: Cost-
utility analysis  
 
Perspective: 
UK NHS 
 
Currency: 
GBP (£) 
 
Price year: 
2018 
 
Time horizon: 
Lifetime 
 
Discounting:  
Costs and 
outcomes 

Population 
Adults and adolescents with 
T1DM. Baseline characteristics 
of the modelled cohort were 
based on a study of MiniMed 
670G in previous CSII users 
(age 37.8 years, duration of 
diabetes 21.7 years, HbA1c 
7.4%). 
 
Intervention  
Hybrid closed loop system 
(MiniMed 670G) 
 
Comparator 
CSII, with or without CGM 
(CSII±CGM) 
 
Study design 
Cost-utility analysis using the 
IQVIA CORE Diabetes model.  
 
The model uses patient 
characteristics (e.g., age, 
HbA1c, other physiological 
characteristics, and clinical 
history) to predict long-term 

Source of baseline and 
effectiveness data: 
For hybrid closed loop, effectiveness 
was informed by a non-randomised 
single arm study of MiniMed 670G 
among previous CSII users (0.5% 
HbA1c reduction, 0 SHE). 
 
For CSII±CGM, no HbA1c reduction 
was applied and the annual rate of 
SHE (0.9) was taken from the 
Swedish subgroup of a multinational 
survey. Based on a Canadian study, 
28% of SHEs were assumed to 
require medical assistance. 
 
Source of resource use and cost 
data: 
Intervention-related resource use 
included insulin pumps, 
transmitters, sensors, and 
consumables. Frequency of finger 
prick testing was assumed equal in 
both arms (3.5 times daily). 
 
Unit costs of devices were sourced 
from UK list prices. Costs of insulin, 

Base case results 
 
Costs 
Hybrid closed loop: £192,720 
CSII±CGM: £157,295 
Incremental: £35,425 
 

QALYs 
Hybrid closed loop: 14.09 
CSII±CGM: 12.36 
Incremental: 1.73 
 
ICER (cost per QALY): 
£20,421 
 
The probability of cost-effectiveness 
at £20,000 per QALY was 45.1%. 
 
Sensitivity analysis 
Deterministic sensitivity analysis 
showed results were most sensitive 
to the exclusion of utility benefits 
associated with reduced fear of 
hypoglycaemia (ICER £55,012). 
 
Estimated cost-effectiveness 
worsened when SHE effects were 

Applicability 
The study is partially applicable as it 
was conducted from the NHS 
perspective but does not consider all 
relevant comparators. 
 
Limitations 
Some potentially serious limitations 
were identified: 
• Intervention-related costs 

(devices, consumables, training, 
and clinical contact) were not 
reported. 

• Effectiveness inputs were not 
based on comparative evidence.  

• It is unclear if SHE rates applied 
to the CSII±CGM arm are 
appropriate. The non-UK source 
study was designed to represent 
general diabetes populations, 
rather than CSII users. 

• NSHE were not modelled. 
• Diabetic ketoacidosis and 

adverse events were not 
considered. Though this is 
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Study details Study population and design  Data sources Results Quality assessment 

discounted at 
3.5% per year 
 
Potential 
conflict of 
interest: 
Four authors 
were 
employees of 
Medtronic and 
the fifth was 
employed by 
Vyoo Agency, 
which received 
consultancy 
fees from 
Medtronic. 

microvascular complications, 
macrovascular complications, 
and mortality. Annual event 
rates control the estimated 
incidence of NSHE and SHE 
(with or without medical 
assistance). 
 
Modelled outcomes are used 
to estimate costs, QALYs and 
life-expectancy. 

training and yearly outpatient visits 
were modelled. 
 
Microvascular, macrovascular and 
SHE event costs were sourced from 
NICE Guideline NG17, NHS reference 
costs and the published literature. 
Two costs were applied to SHE 
according to requirement for 
hospitalisation and no cost applied 
to NSHE. 
 
Source of quality of life data: 
Event-related disutilities were 
sourced from the published 
literature; most from a systematic 
review for type 2 diabetes. 
 
A utility benefit (0.0552) associated 
with reduced fear of hypoglycaemia 
was applied to the hybrid closed loop 
arm. This was based on: 
• reduced Hypoglycaemia Fear 

Survey-II scores (HFS) among 
CSII-treated T1DM patients 
following the addition of CGM in 
the INTERPRET study 

• the modelled relationship 
between HFS (worry subscale) 
and utility from a UK study of 
people with diabetes. 

removed or lowered, HbA1c effects 
lowered, therapy costs increased and 
over shorter time horizons. 
 
Cost-effectiveness improved for a 
subgroup with increased baseline 
HbA1c and HbA1c effects, and for 
lower therapy costs or discount 
rates. In these scenarios ICERs fell 
below £20,000 per QALY gained.  

unlikely to influence cost-
effectiveness conclusions. 

• Though references were 
provided, event-related utility 
values were not reported. It is 
unclear which disutility values 
were applied to hypoglycaemic 
events. 

• There is uncertainty around the 
utility benefit associated with 
reduced fear of hypoglycaemia, 
which is a driver of modelled 
cost-effectiveness. The source 
study for improved HFS does not 
accurately reflect the modelled 
arms. Total HFS was used to 
estimate utility impact, rather 
than the HFS worry subscale. It is 
also unclear whether there is 
potential for double counting 
with the application of utility 
benefits of both reduced 
hypoglycaemia and fear of 
hypoglycaemia. 

• The extent to which parameter 
uncertainty was explored is 
unclear. Potential sampling 
parameters were only reported 
for three inputs.  

Abbreviations: CGM: continuous glucose monitoring; CSII: continuous subcutaneous insulin infusion; EQ-5D: EuroQol five-dimensions questionnaire; FGM: flash glucose monitoring; 
HFS: Hypoglycaemia Fear Survey-II; ICER: incremental cost-effectiveness ratio; MDI: multiple daily injections of insulin; NA: not applicable; NR: not reported; NSHE: non-severe 
hypoglycaemic event; QALY: quality-adjusted life year; RCT: randomised controlled trial; RR: risk ratio; SHE: severe hypoglycaemic event; SMBG: self-monitoring of blood glucose 
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 HTW adaptation of SHTG cost-utility analysis 

HTW researchers adapted the SHTG (2022) cost-utility analysis to evaluate the cost-effectiveness 
of CLS in the treatment of adults with T1DM, within a fully incremental analysis. Under this 
approach, we compared all modelled strategies against each other. The strategies were first 
ranked in order of outcomes, from lowest to highest QALYs. Any strategy with lower QALYs and 
higher costs than an alternative (i.e., dominated) or offering worse value for money than a more 
effective option (i.e., extendedly dominated) was removed from consideration. Then incremental 
costs, QALYs, health benefit and ICERs were estimated for each strategy compared to the 
previously ranked option. The strategy associated with the highest total health benefit at a 
willingness to pay threshold of £20,000 per QALY was considered the optimal strategy. 

The following strategies were considered: 

• CLS: Closed loop systems 
• MDI+SMBG: Multiple daily injections with self-monitoring of blood glucose  
• MDI+CGM: Multiple daily injections with continuous glucose monitoring 
• MDI+FGM: Multiple daily injections with flash glucose monitoring 
• CSII+CGM: Continuous subcutaneous insulin infusion with continuous glucose 

monitoring 

SHTG’s implementation of the Sheffield Type 1 Diabetes Model incorporated pairwise evaluations 
of CLS against each comparator. In their analysis, HbA1c levels were standardised across the 
comparator arms and relative HbA1c effects applied to CLS. Consequently, SHTG estimates for 
CLS differed in each pairwise evaluation. To enable a fully incremental analysis, the model was 
adapted to model a single CLS arm for evaluation against each comparator. Baseline HbA1c from 
the Pease et al. (2020) NMA was assumed to reflect MDI+SMBG and relative HbA1c effects applied 
for all other arms (based on NMA estimates of time in range). 

As in the SHTG analysis, baseline hypoglycaemia rates from Scottish population studies were 
applied to MDI+SMBG and proportional reductions applied to this baseline in all other arms. SHTG 
assumptions were used to populate these inputs, because no NMA estimates of hypoglycaemic 
event rates were identified, few clinical studies reported event rate reductions and NMA 
estimates of time below range were subject to significant inconsistency. 

Utility decrements were applied additively to the incidence of hypoglycaemic events. No further 
utility benefits associated with reduced fear of hypoglycaemia, reduced burden of diabetes 
management or device preference were applied in the base case analysis. This was due to 
concerns around potential for double counting and limitations of the available evidence for 
process-related changes in utility. 

Long-term microvascular and macrovascular complications were modelled using published 
rates and equations for people with diabetes, adjusted for HbA1c levels. Scottish life tables were 
replaced with Welsh life tables to model background rates of all-cause mortality.   

The analysis took the perspective of the UK NHS and personal social services. Welsh strategy 
costs were applied and event costs updated where more recent data were available. A lifetime 
horizon was considered, and future costs and benefits were discounted at a rate of 3.5%. Full 
details of the cost-utility methods, results and limitations are available in Appendix 6. 

 

6.2.1 Base case analysis 

The results of the base case analysis for adults with T1DM are presented in Table 6 and Table 7. 
CLS was associated with the highest estimated costs and QALYs of the modelled strategies. CLS 
was not estimated to be cost-effective against comparators at a threshold of £20,000 per QALY. 
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In pairwise analysis, ICER estimates ranged from £24,446 to £79,463 per QALY gained. Cost-
effectiveness estimates for CLS versus MDI+CGM and CSII+CGM were less favourable in our 
analysis compared to the SHTG evaluation, primarily because CGM costs were much lower in our 
analysis. 

In fully incremental analysis, MDI+FGM was estimated to be the optimal strategy at a willingness 
to pay threshold of £20,000 per QALY. MDI+SMBG was associated with the lowest costs and QALYs. 
MDI+FGM was estimated to be cost-effective versus MDI+SMBG. CSII+CGM was dominated by 
MDI+CGM and with ICERs exceeding £70,000 per QALY gained neither MDI+CGM or CLS were 
considered cost-effective against the relevant comparators. 

 

6.2.2 Sensitivity analysis 

The conclusions of the base case analysis were robust to probabilistic sensitivity analysis. In 
pairwise analysis, CLS was estimated to be cost-effective at a threshold of £20,000 per QALY in 
5%, 7%, 5% and 41% of simulations compared with MDI+SMBG, MDI+CGM, MDI+FGM and CSII+CGM, 
respectively. In fully incremental analysis, MDI+FGM was estimated to be the optimal strategy in 
67% of simulations, while CLS was estimated to be the optimal strategy in only 1%. 

Deterministic sensitivity analysis showed results were most sensitive to variation in the costs 
of CLS, baseline HbA1c levels and associated effects, baseline NSHE rates and associated effects 
and NSHE disutility inputs.  

Scenario analysis highlighted the importance of key modelling assumptions. The avoidance of 
hypoglycaemic events was a key driver of cost-effectiveness estimates. When hypoglycaemic 
event rates were assumed equal for all strategies, pairwise ICER estimates exceeded £150,000 
per QALY gained for CLS compared with all comparators. MDI+SMBG was estimated to be the 
optimal strategy under this scenario. Cost-effectiveness estimates also worsened when the 
disutility applied to NSHE was reduced and alternative baseline hypoglycaemia rates were 
applied. 

Cost-effectiveness improved when higher baseline HbA1c levels, increased HbA1c effects, 
alternative SHE assumptions, process-related utility gains or hypoglycaemia disutilities 
estimated from the general population were applied. The conclusions of the base case remained 
largely unchanged in these scenarios. However, CLS was estimated to be cost-effective compared 
with CSII+CGM when higher baseline HbA1c levels and/or increased HbA1c effects were modelled. 
These scenarios may better reflect HbA1c levels observed in real world clinical practice. 
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Table 6. Summary of base case pairwise analysis 

Strategy Total costs (£) Total QALYs Total health 
benefit 

Incremental 
costs (£) 

Incremental 
QALYs 

Net health 
benefit 

ICER 
(£/QALY) 

CLS £124,911 12.42 6.18 N/A N/A N/A N/A 

MDI+SMBG £44,458 10.56 8.34 £80,453 1.87 -2.16 £43,114 

MDI+CGM £72,860 11.77 8.13 £52,051 0.66 -1.95 £79,463 

MDI+FGM £50,959 11.45 8.90 £73,953 0.98 -2.72 £75,783 

CSII+CGM £106,407 11.67 6.35 £18,505 0.76 -0.17 £24,446 

Abbreviations: CGM: continuous glucose monitoring; CLS: closed loop systems; CSII: continuous subcutaneous insulin infusion; FGM: flash glucose monitoring; ICER: incremental 
cost-effectiveness ratio; MDI: multiple daily injections; QALY: quality-adjusted life-year; SMBG: self-monitoring blood glucose 
Total and net health benefit estimated at a willingness to pay threshold of £20,000 per QALY. 

 

Table 7. Summary of base case fully incremental analysis 

Strategy 
Comparator on 
efficiency frontier 

Total costs (£) Total QALYs 
Total health 

benefit 
Incremental 

costs (£) 
Incremental 

QALYs 
Net health 

benefit 
ICER 

(£/QALY) 

MDI+SMBG Reference £44,458 10.56 8.34 N/A N/A N/A N/A 

MDI+FGM MDI+SMBG £50,959 11.45 8.90 £6,501 0.89 0.57 £7,303 

CSII+CGM N/A £106,407 11.67 6.35 N/A N/A N/A N/A 

MDI+CGM MDI+FGM £72,860 11.77 8.13 £21,901 0.32 -0.77 £68,268 

CLS MDI+CGM £124,911 12.42 6.18 £52,051 0.66 -1.95 £79,463 

Abbreviations: CGM: continuous glucose monitoring; CLS: closed loop systems; CSII: continuous subcutaneous insulin infusion; FGM: flash glucose monitoring; ICER: incremental 
cost-effectiveness ratio; MDI: multiple daily injections; QALY: quality-adjusted life-year; SMBG: self-monitoring blood glucose 
Total and net health benefit estimated at a willingness to pay threshold of £20,000 per QALY. 
In fully incremental analysis, strategies were ranked in order of total QALYs (low to high). Strategies subject to dominance or extended dominance were removed from consideration 
(indicated by N/A). Incremental costs, QALYs, health benefit and ICERs were then estimated for each strategy compared with the previously ranked option on the efficiency frontier. 
The strategy with the highest total health benefit was considered the optimal strategy. 
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7. Organisational considerations 

No issues specifically relating to procurement for NHS Wales were identified. No capacity or 
availability issues are anticipated. 

Stakeholders in Wales reported that: 

• The safe and effective use of CLS requires clinical teams who can support users with the 
required knowledge and understanding. There are challenges in embedding and updating 
skills for a range of rapidly evolving technologies and in accessing and interpreting data 
across systems. Training and updating skills is required in the use of CLS.  

• The ease of remote support to patients using technology became important during the 
COVID-19 pandemic and will remain so. 

 

8. Patient, carer and family  perspectives 

HTW’s Patient and Public Standing Group (PPISG) met to determine an appropriate mechanism 
of PPI for this topic. Following the review by SHTG, HTW sought patient and carer submissions 
from Diabetes Cymru. Their submission is summarised below and can be read in full in the 
appendix.  

 Patient and Carer Submissions 

Patient Submission from Diabetes Cymru key considerations: 

• Type 1 Diabetes is a serious, life-long health condition 
• If left untreated type 1 diabetes can cause damage to the heart, eyes, feet and kidneys, and 

ultimately death.  
• Managing type 1 diabetes can be relentless and people living with the condition and their 

parents or carers can find themselves faced with unexpected hospital stays, constant 
medication adjustments and lifestyle changes in order to effectively self-manage the 
condition and avoid its potentially devastating complications.  

• Simple things such as going out, family events, and holidays require more planning which 
can lead to frustration, anger, resentment and more stress 

• The strain of managing a child with diabetes, especially in the early months and years after 
diagnosis can cause breakdown of parental relationships. 

• “You can’t do things on the spur of the moment – for instance if my children want to play 
football with me – I need to make sure my blood sugars are ok first.  You can’t be 
spontaneous.” [Person living with type 1 diabetes] 

• Learning to live with diabetes can be overwhelming causing worry and stress or feelings of 
uncertainty. 

• “For me it’s a job in itself (managing type 1 diabetes). I give it my all.  Learning to accept that 
you have this condition is a lifelong thing.  It does wear you down.  I would love something 
that took the hard work away.” 

• One of the most challenging aspects of living with diabetes is the prevention and 
management of hypoglycaemia (hypos). 

• Hypos are distressing not only for the person living with the condition but also for parents, 
spouses and family members. They can be difficult and distressing to manage, the person 
may become aggressive, irritable, uncooperative, unsteady, confused etc. 
Parents of young children frequently report interrupted sleep for protracted periods (years) 
because they have to check their child’s blood glucose levels during the night to avoid life 



Page 35 of 98 
 

EAR045 November 2022 
 

 

threatening hypoglycaemia and, where necessary, take remedial actions such as waking the 
child for blood testing or treatment.   

• Not everyone with diabetes comes to terms with the fact that they are living with a long term 
condition or are able to sustain the intense daily vigilance required to keep healthy.  The need 
for constant vigilance can lead to ‘diabetes burnout’, anxiety, obsession and eating disorders 
such as anorexia and diabulimia. 

• Insulin has been the most important treatment used to manage type 1 diabetes since it was 
first discovered 100 years ago. The vast majority of people living with type 1 diabetes in Wales 
currently use an insulin pen to administer insulin. 

• Hybrid closed-loop technology has the potential to positively transform the lives of people 
living with type 1 diabetes and their parent or carers 

• Hybrid closed-loop technology should be available to the widest possible group of people 
living with type 1 diabetes on the NHS 

• Hybrid closed-loop technology can reduce inequalities in care and outcomes for people living 
with type 1 diabetes 

• Hybrid closed-loop technology can help reduce the burden of living with diabetes – improving 
quality of life and clinical outcomes 

• “I am aware that I’m already thinking less about diabetes and enjoying a lot more sleep, as 
well as relying on the pump to sort out any miscalculations in carbs or late snacks” [person 
living with type 1 diabetes] 

• “We have 2 daughters using control IQ. It has made a huge difference to QOL, both for them 
and for us as parents. Less workload, more sleep, < 1% hypoglycaemia, no severe 
hypoglycaemia, improved TIR. Overnight the control is absolutely amazing. “ [parent of 
children living with type 1 diabetes] 
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9. Contributors 

The HTW staff and contract researchers involved in writing this report were: 

• S Barrate: Health Services Researcher  
• H Bennett: Health Economist 
• L Elston: Senior Health Services Researcher 
• A Evans: PPI Officer 
• E Hasler: Information Specialist 
• S Hughes: Senior Health Economist 
• D Jarrom: Principal Researcher 
• R Shepherd: Project Support Officer 

The HTW Assessment Group advised on methodology throughout the scoping and development 
of the report.  

This work adapted sections of an appraisal report by the Scottish Health Technology Group 
(SHTG) developed to support the SHTG Recommendation Closed loop systems and the artificial 
pancreas for the management of type 1 diabetes. HTW are grateful to SHTG for their permission to 
adapt this work, and for their co-operation and sharing of additional data during development of 
our own report. 

A range of clinical experts from the UK provided material and commented on a draft of this report. 
Their views were documented and have been actioned accordingly. All contributions from 
reviewers were considered by HTW’s Assessment Group. However, reviewers had no role in 
authorship or editorial control, and the views expressed are those of Health Technology Wales. 
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11. Evidence review methods 

We searched for evidence that could be used to answer the review question: What is the clinical 
effectiveness, cost-effectiveness and safety of closed loop systems and the artificial pancreas in 
the management of type 1 diabetes mellitus (T1DM)?  

The criteria used to select evidence for the appraisal are outlined in [Appendix 1]. These criteria 
were developed following comments from the Health Technology Wales (HTW) Assessment Group 
and UK experts. We aimed to adapt evidence from the Scottish Health Technologies Group’s 
(SHTG) recent appraisal entitled ‘Closed loop systems and the artificial pancreas for the 
management of type 1 diabetes’, published in January 2022 (SHTG 2022). We searched for 
evidence published after the latest search date in the SHTG report and given the large amount of 
well-conducted secondary evidence available, this appraisal largely focussed on synthesising 
and reporting secondary evidence. We only included individual studies if they were randomised 
controlled trials published since the most recent sources of secondary evidence or if they 
reported outcomes of interest that were not reported by any systematic review.  Appendix 2 
summarises the selection of articles for inclusion in the review. 

The systematic search followed HTW’s standard rapid review methodology. The search was 
developed through adaptation of a search undertaken for a similar review by SHTG, and so the 
search was date limited to 2021 onwards to identify evidence since the SHTG guidance was 
published. A search was undertaken of Medline, Embase, CINAHL, Cochrane Library, the 
International Network of Agencies for Health Technology Assessment (INAHTA) HTA database, 
Scopus, KSR Evidence & Epistemonikos. Additionally, searches were conducted of key websites 
and clinical trials registries. 

The searches were conducted between 12 and 17 May 2022 and updated on 12 September 2022. 
Appendix 4 gives details of the search strategy used for MEDLINE. Search strategies for other 
databases are available on request.  
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Appendix 1. Inclusion and exclusion criteria for evidence included in the review 

 Inclusion criteria Exclusion criteria 

Population 
People with type 1 diabetes mellitus (T1DM) 
Adults or children 

 

Intervention 

Closed-loop insulin systems or artificial pancreas 
 
Synonyms: artificial pancreas; closed loop system; closed loop 
pancreas; closed loop insulin system; closed loop therapy 

We will only consider commercially available systems with 
relevant regulatory approval and not ‘DIY’ systems. 

Comparison/ Comparators 

• Multiple daily insulin injections (MDI) + fingerprick 
testing (standard care)  

• MDI + flash glucose monitoring (FGM)  
• Continuous subcutaneous insulin infusion (CSII) 

pumps + fingerprick testing  
• CSII + FGM  
• CSII + continuous glucose monitoring (CGM)  

 

Outcome measures 

Time in target glucose range (glucose 3.9-10.0mmol/l)/time above range/time below range  
Hypoglycaemia (incidence of events and/or time spent in hypoglycaemia) 
HbA1c  
Microvascular complications (eyes, feet, and kidney)  
Macrovascular complications (myocardial infarction and stroke)  
Quality of life/patient-reported outcome measures  
Safety/adverse effects/complications  
Patient uptake  
Cost effectiveness 

Study design 

We will prioritise the following study types, in the order listed: 
• Systematic reviews of randomised controlled trials. 
• Randomised controlled trials. 
• Non-randomised comparative trials. 
• Single-arm (no control group) trials that report any relevant outcome. 

Search limits We will only search for evidence published since SHTG’s last date of search for their appraisal. 
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Appendix 2. Flow diagram outlining selection of relevant evidence sources 
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Additional records identified 
through other sources  

SHTG Advice Statement 
(n = 29) 

Records after duplicates removed 
(n =  2204) 

Records screened  
(n =2204) 

Records excluded  
(n = 2119) 

Full-text articles assessed 
for eligibility  

(n = 85) 

Papers included in Evidence 
Appraisal Report (n= 23)  

• Systematic reviews (n = 5) 
• RCTs (n = 16) 
• Economic (n = 2) 

Full-text articles excluded 
(n = 62) 
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Appendix 3. Randomised controlled trials published after the most recent systematic reviews: summary of findings 

Study  Participants Interventions Comparator Key findings 

Abraham et al. 
(2021) 
 
Parallel RCT; 
Australia 
 
Follow up: 26 
weeks 

n=135 Mean age 15.3 
years (SD 3.1)  
56% female  
Mean % HbA1c 8.0 (SD 
1.0) 

Hybrid closed loop system 
(MiniMed 670G pump, 
Guardian 3 sensor, 
Guardian Link 3 
transmitter) 

Standard 
care (CSII or 
multiple 
daily 
injections, 
with or 
without 
CGM) 

Percent time in range increased from a mean of 53.1% (SD 13.0) to 62.5% (SD 
12.0) in the hybrid closed loop group and from 54.6% (SD 12.5) to 56.1% (SD 12.2) 
in the control group.  
 
Mean adjusted difference in percent time in range 6.7% (95% CI 2.7 to 10.8, 
p=0.002). 
Hybrid closed loop reduced the percent time in a hypoglycaemia range: mean 
difference 1.9%, 95% CI 1.3 to 2.5. 
 
Hybrid closed loop therapy was associated with improved diabetes-specific 
quality of life (see main section Table 4 for details). 
  
No episodes of severe hypoglycaemia or diabetic ketoacidosis in either group. 

Anderson et al. 
(2019) 
 
Parallel RCT; 
Home; US 
 
Follow up: 4 
weeks 

n=44  
Mean age closed loop 
group 38.3 (SD 3.3)  
Mean age control group 
38.0 (SD 3.3)  
47.6% female in closed 
loop group 
71.4% female in control 
group  
Mean % HbA1c closed 
loop group 7.5 (SD 0.2)  
Mean % HbA1c control 
group 7.2 (SD 0.2) 

Hybrid closed loop system 
(DiAs smartphone 
platform, Dexcom G4 
Platinum CGM, Roche 
Accu-Chek Spirit Combo 
insulin pump) 

Sensor 
augmented 
pump 
therapy 

Percent time below range decreased on hybrid closed loop system (7.2% ± 5.3% 
to 2.0% ± 1.4%) but not on sensor-augmented pump (5.8% ± 4.7% to 4.8% ± 4.5%), 
p=0.001. 
 
Percent time in range (3.9 to 10 mmol/L) increased on hybrid closed loop 
(67.8% ± 13.5% to 78.2% ± 10%) but decreased on sensor-augmented pump 
(65.6% ± 12.9% to 59.6% ± 16.5%), p<0.001. 
 
Percent time above range (>10 mmol/L) decreased on hybrid closed loop (25.1% 
± 15.3% to 19.8% ± 10.1%) but increased on sensor-augmented pump (28.6% ± 
14.6% to 35.6% ± 17.6%), p=0.009. 

Blauw et al. 
(2021) 
 
Cross-over RCT; 
Outpatient 
free-living with 
alarm-based 
monitoring; 
Netherlands 

n=23  
Median age 43.0 (IQR 
26.5 to 51.0)  
35% female  
Mean % HbA1c 7.3 (IQR 7.1 
to 8.1) 

Artificial pancreas (Inreda 
Diabetic, two Enlite 
devices and a wearable 
device integrating CGM, 
accelerometer, control 
algorithm, insulin pump, 
and glucagon pump) 

Usual care 
(open loop 
with 
CGM/FGM 
and insulin 
pump) 

Percent time in range was significantly higher with artificial pancreas: median 
86.6% (IQR 84.9 to 88.5) versus 53.9% (49.7 to 67.2), p<0.0001. 
 
Percent time in hypoglycaemia (<3.0 mmol/L) reduced with artificial pancreas: 
0.4% (IQR 0.1 to 0.8) versus 2.0% (IQR 0.7 to 3.6), p<0.0001. 
 
Percent time in hyperglycaemia (>10 mmol/L) reduced with artificial pancreas: 
12.8% (IQR 11.1 to 14.4) versus 38.8% (IQR 30.5 to 48.9), p<0.0001. 
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Study  Participants Interventions Comparator Key findings 

 
Follow up: 2 
weeks 

No severe hypoglycaemia, ketoacidosis or other serious adverse events. 

Biester et al. 
(2019) 
 
Cross-over RCT; 
Home 
 
Follow up: 60 
hours 

n=48  
Median age 16.1 (IQR 13.2 
to 18.5)  
60% female  
Median % HbA1c 7.6 (IQR 
7.0 to 8.1) 

Hybrid closed loop system 
(Paradigm Veo, Enlite 3 
sensor with MiniLink 2, 
glucometer CONTOUR Next 
LINK, MD-Logic closed loop 
algorithm on a PC tablet 
platform) 

Sensor 
augmented 
pump 
therapy 

A significant increase in percent time in range (3.9 to 10.0 mmol/L) for the 
hybrid closed loop system versus control: 66.6% versus 59.9%, p=0.002. 
 
No significant change in percent time below range: 2.3% versus 1.5%, p=0.369. 
 
No serious adverse events were reported. No ketosis or severe hypoglycaemia. 

Boughton et al. 
(2022) 
 
Crossover RCT; 
UK and Austria 
 
Follow up: 16 
weeks 

n=37 
Median (IQR) age 68 (63–
70) years 
Mean (SD) baseline 
HbA1c 7·4% (0·9%); 57 [10] 
mmol/mol) 

CamAPS FX hybrid closed-
loop system comprises an 
unlocked android 
smartphone (Samsung 
Galaxy S8, South Korea) 
hosting the CamAPS FX 
app (CamDiab, 
Cambridge, UK) running 
the Cambridge adaptive 
model predictive control 
algorithm 

Sensor 
augmented 
pump 
therapy 

The proportion of time with glucose between 3.9 and 10.0 mmol/L was 
significantly higher in the closed-loop group compared to the SAP group 
(79·9% vs 71·4%) difference 8·6 percentage points (95% CI 6·3 to 11·0); p<0·0001).  
 
Two severe hypoglycaemia events occurred during the SAP period. 

Choudhary et 
al. (2022) 
 
Parallel RCT; 
France, 
Germany, UK 
 
Follow-up: 6 
months 

N = 82 
Mean (SD) age 41.5 (11.6) 
years in intervention 
group; 39.7 (13.1) years in 
control group 
Mean (SD) HbA1c 9.00 
(0.97)% in intervention 
group; 9.07 (0.72)% in 
control group 
(participants were 
eligible if their HbA1c 
was 8.0% or greater) 

Advanced hybrid close 
loop therapy: MiniMed 
670G (Medtronic) with an 
AHCL algorithm equivalent 
to the MiniMed 780G 
system.  

MDI + FGM At 6 months, mean change from baseline in HbA 1c was −1·54% (SD 0·73) in the 
AHCL group and −0·20% (0·80) in the MDI +FGM group, model-based treatment 
effect −1·42% (95% CI −1·74 to −1·10; −15·5 mmol/mol [−19·0 to −12·0]; p<0·0001) in 
favour of AHCL. 
 
Mean time in target glucose range (3·9–10·0 mmol/L): 70·6% [SD 9·7] in the 
AHCL group vs 43·6% [SD 15.37] in the MDI + FGM group; model-based 
treatment effect 27·6%, 95% CI 21·6 to 33·6; p<0·0001 (favours AHCL). 
 
DTSQs scores significantly higher in the AHCL group than the MDI +FGM group 
after 6 months, but no significant difference in DQoL score. See main text 
Table 4 for detail of quality of life and treatment satisfaction outcomes. 

Collyns et al. 
(2021) 

n=60  MiniMed advanced hybrid 
closed loop system 

Sensor Percent time in range (3.9 to 10 mmol/L) favoured the hybrid closed loop over 
sensor augmented pump therapy by 12.5% ± 8.5%, p<0.001). 
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Study  Participants Interventions Comparator Key findings 

 
Cross-over RCT; 
Outpatient 
free-living; New 
Zealand 
 
Follow up: 8 
weeks 

Mean age 23.3 (SD 14.4) 
58% female  
Mean % HbA1c 7.6 (SD 
0.9) 

(MiniMed 670G 4.0 insulin 
pump, Guardian CGM 
sensors and transmitters, 
CONTOUR NEXT LINK 2.4 
blood glucose metre 

augmented 
pump 
therapy 

 
All age groups (children 7-13 years, adolescents 14-21 years, and adults >22 
years) demonstrated improvement, with adolescents showing the largest 
improvement (14.4% ± 8.4%). 
 
One episode of mild diabetic ketoacidosis attributed to an infusion set failure 
in combination with illness occurred in the sensor-augmented pump group. 

Forlenza et al. 
(2019) 
 
Parallel RCT; 
Home (remote 
monitoring); 
US 
 
Follow up: 3 
days 

n=24  
Mean age 9.6 (SD 1.9) 
50% female  
Mean % HbA1c 7.35 (SD 
0.68) 

Hybrid closed loop system 
(t:slim X2 insulin pump, 
Control IQ algorithm, 
Dexcom G6 CGM)  

Sensor 
augmented 
pump 
therapy 

Percent time in range (3.9 to 10.0 mmol/L) significantly improved in hybrid 
closed loop group compared with the control group: 71.0% ± 6.6% versus 52.8% 
± 13.5%, p=0.001. 
 
Percentage time in hypoglycaemia was not significantly different between 
groups: 1.7%, 95% CI 1.3 to 2.1 versus 0.9%, 95% CI 0.3 to 2.7. 

Haidar et al. 
(2021) 
 
Outpatient 
free-living with 
no remote 
monitoring; 
Canada 
 
Follow up: 12 
days 

n=36 
Mean age 39 (SD 16)  
61% female  
Mean % HbA1c 7.5 (SD 
0.9) 

Hybrid closed loop 
system; iPancreas system 
(Dexcom CGM, t:slim TAP3 
pump, Nexus 5 
smartphone) v 

Sensor-
augmented 
pump 
therapy 

Hybrid closed loop system increased percent time in range (3.9 to 10 mmol/L) 
from 61% (IQR 53 to 74) to 69% (IQR 60 to 73), p=0.006.  
 
Hybrid closed loop system reduced percent time in hypoglycaemia from 3.5% 
(IQR 0.8 to 5.4) to 1.6% (IQR 1.1 to 2.7), p=0.0021. 

Kariyawasam 
et al. (2022) 
 
Multicentre, 
crossover RCT; 
France and 
Belgium 
 

n=21 
Median (IQR) age for 
closed loop 8.5 (7.0-10.0) 
years 
Median (IQR) age for 
control 8.0 (6.0-9.0) 
60% female in CLS group 

Diabeloop closed-loop 
system used the Kaleido 
insulin pump (ViCentra, 
Utrecht, Netherlands) 
managed by the DBLG1 
application installed on 
an Android smartphone 
(Sony XZ1), connected 

Sensor 
augmented 
pump 
therapy 

The proportion of time spent in hypoglycaemia was significantly lower with the 
closed-loop system than the open-loop system in both groups (2·04% 95% CI 
0·44 to 3·64 vs 7·06% 95% CI 5·46 to 8·66) 
 
No severe ketoacidosis, nor severe hypoglycaemic events or fatal adverse 
events occurred. All 25 adverse events (18 with the closed-loop system, seven 
with the open-loop system) were related to the treatment. 
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Study  Participants Interventions Comparator Key findings 

Follow up: 72h 
in-patient 
period followed 
by 6-week 
home phase 

45% female in control 
group 
%HbA1c CLS: 7.6% 
%HbA1c control: 7.0% 

Bluetooth to the Dexcom 
G6 CGM system using as 
detailed low-energy 
technology 

Matejko et al. 
(2022) 
 
Parallel group 
RCT; Poland 
 
Follow-up: 3 
months 

N = 41 
 
Mean (SD) age 40.3 (8.0) 
years; mean (SD) 
baseline HbA1C 7.2 (1.0)%. 

Advanced hybrid close 
loop therapy: MiniMed 
780G system in open loop 
with the “Suspend before 
low” feature for 3 days 
then AHCL therapy with a 
glucose target of 100 
mg/dL and an active 
insulin time of 2.0– 2.5 h. 

MDI + SMBG Mean (SD) time in target glucose range increased from 69.3  
(12.3%) at baseline to 85.0 (6.3%) at 3 months in the AHCL group, in the control 
group change was 62.8 (10.7)% to 61.5 (11.2)% Treatment effect: 21.5% [95% CI 
15.7, 27.3]; P < 0.001, favours AHCL. 
 
Similar outcomes reported for time above and below range outcomes, both of 
which favoured AHCL (treatment effects: -4.4% [95% CI -7.4, -2.1]; P < 0.001 and -
14.7%[95%CI -21.4, -8.0]; P < 0.001, respectively. 
 
Basline-adjusted difference in HbA1c at 3 months indicated a significant 
reduction in the AHCL group compared with the control group (treatment 
effect -0.6% [95% CI -0.9, -0.2]; P =0.005). 
 
No statistically significant difference between groups in overall QoL-Q diabetes 
score. See main text Table 4 for detail of quality of life and treatment 
satisfaction outcomes. 

Reiss et al. 
(2022) 
 
Parallel group 
RCT (location 
not reported) 
 
Follow up: 6 
months 

N = 42 
Age 14-17 years 
Baseline HbA1c 8.70 (CLS 
group) and 8.45% 
(control group) 

Medtronic MiniMed 670G 
insulin pump 

MDI or open 
loop pump 

Change in HbA1c from baseline to 6 months did not differ significantly 
between treatment groups (between group difference: -0.25%, 95 CI -0.87 to 
0.37) 
Change in percentage time in target glucose range from baseline to 6 months 
was significantly higher for CLS compared to controls (between group 
difference: 16.43%, 95 CI -8.58 to 24.38) 

von dem Berge 
et al. (2022) 
 
Single-centre 
cross over RCT 
 

n=38 
Age 8.7 ± 3.5 years 
21% female 
%HbA1c 7.4 ± 0.9 

Minimed 670G insulin 
pump, with a Guardian 3 
glucose sensor connected 
to a Guardian Link 3 
Transmitter (all 
Medtronic, Inc.) 

Sensor 
augmented 
pump 
therapy with 
or without 
predictive 
low-glucose 

The study found a high rate of TIR target (>70%) achievement with HCL in 
preschool (88%) and school children (50%). Preschool children achieved a 
mean TIR of 73% ± 6% (+8% vs. SAP, +6% vs. PLGM) and school children 69% ± 
8% (+15% vs. SAP and + 14% vs. PLGM). 
 
Overall, HbA1c improved from 7.4% ± 0.9% to 6.9% ± 0.5% (P = .0002).  
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Study  Participants Interventions Comparator Key findings 

Follow up: 8 
weeks 

managemen
t (PLGM)  

Diabetes burden and worries and fear of hypoglycaemia remained at low 
levels, without significant changes versus PLGM.  
 
No events of severe hypoglycaemia or diabetic ketoacidosis occurred. 

Ware et al. 
(2022b) 
 
Cross-over RCT; 
Home (remote 
monitoring); 
Austria, 
Germany, 
Luxembourg, 
UK 
 
Follow up: 16 
weeks 

n=74  
Mean age 5.6 (SD 1.6)  
42% female  
Mean % HbA1c 7.3 (SD 
0.7) 

Hybrid closed loop system 
(Galaxy S8 smartphone, 
CamAPS FX, Dana 
Diabecare RS pump, 
Dexcom G6 CGM) 

Sensor 
augmented 
pump 
therapy 

Percent time in range was 8.7% (95% CI 7.4 to 9.9) higher with hybrid closed 
loop. during the closed loop period (p<0.001). 
 
Mean adjusted difference (closed loop minus control) in percent time spent in 
a hyperglycaemic state was −8.5% (95% CI −9.9 to −7.1), p=0.74. 
 
One event of severe hypoglycaemia occurred during the closed loop period. One 
serious adverse event that was deemed to be unrelated to treatment occurred. 

Ware et al. 
(2022a) 
 
Multicentre 
RCT; UK and US 
 
Follow up: 6 
months 

n=133 
Mean age 13.0 (SD 2.8) 
57% female 
Mean baseline HbA1c 
CLS: 8.2% (SD 0.7) 
Mean baseline HbA1c 
control: 8.3% (SD 0.7)  

The Cambridge closed-
loop algorithm running on 
a smartphone was used 
with either a modified 
Medtronic 
640G pump, Medtronic 
Guardian 3 sensor, and 
Medtronic prototype 
phone enclosure 
(FlorenceM configuration), 
or a Sooil Dana RS pump 
and Dexcom G6 sensor 
(CamAPS FX 
configuration) 

Insulin 
pump with 
or without 
glucose 
sensor 

At 6 months, HbA1c was lower in the 
Closed loop group than in the control group (between-group difference –3·5 
mmol/mol (95% CI –6·5 to –0·5 [–0·32 percentage points, –0·59 to –0·04]; 
p=0·023). 
 
Closed-loop usage was low with FlorenceM due to failing phone enclosures 
(median 40% [IQR 26–53]), but consistently high with CamAPS FX (93% [88–
96]), impacting efficacy. 
 
 A total of 155 adverse events occurred after randomisation (67 in the closed-
loop group, 88 in the control group), including seven severe hypoglycaemia 
events (four in the closed-loop group, three in the control group), two diabetic 
ketoacidosis events (both in the closed-loop group), and two non-treatment-
related serious adverse events. 
 
 There were 23 reportable hyperglycaemia events (11 in the closed-loop group, 
12 in the control group), which did not meet criteria for diabetic ketoacidosis. 
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Appendix 4. MEDLINE search strategy 

Ovid MEDLINE(R) ALL 1946 to September 09, 2022 
1 exp Diabetes Mellitus, Type 1/ 84002 
2 ((type 1 or type I) adj3 diabet*).tw,kf. 61967 
3 (T1DM or T1D).tw,kf. 14992 
4 or/1-3 103586 

5 exp Pancreas, Artificial/ 972 
6 exp Insulin Infusion Systems/ 6226 

7 
((closedloop or closeloop or close* loop) adj3 (system* or method* or technolog* or therap* 
or treatment* or pancrea* or control)).tw,kf. 

5936 

8 (hybrid* adj2 (closedloop or closeloop or close* loop)).tw,kf. 364 
9 (artificial adj2 pancrea*).tw,kf. 1769 
10 or/5-9 12502 
11 4 and 10 4962 
12 ((closedloop or closeloop or close* loop) adj2 diabet*).tw,kf. 55 
13 (Minimed or tslim or CamAPS or ((Minimed* or tslim* or CamAPS*) adj3 system)).tw,kf. 423 

14 ((Medtronic* or DanaRS* or Control IQ*) and (Guardian* or Dexcom*)).tw,kf. 74 
15 or/11-14 5231 
16 limit 15 to yr="2021 -Current" 684 
17 limit 16 to english language 676 
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Appendix 5 Ongoing randomised trials 

Study 
information 

Status Research question & outcome measures 

Registration:  
NCT04796779 
(2021) 
 
Country: US 
 
Target 
recruitment: 109 
participants 
 
Follow-up: 26 
weeks 

Active, not 
recruiting 
 
Last 
updated:  
July, 2022 

This RCT aims to learn whether an investigational automated insulin 
delivery system for young children with type 1 diabetes can safely 
improve blood glucose control. 
 
Population: Children aged 2 years to <6 years.  
 
Intervention: Tandem t:slim X2 with Control-IQ Technology. 
 
Comparator: Standard care (insulin pump or multiple daily injections + 
CGM. 
 
Primary Outcome Measure: CGM-measured percent in range 70-180 
mg/dL. 

Registration: 
NCT04616391 
(2021) 
 
Country: NR 
 
Target 
recruitment: 40 
participants 
 
Follow-up: 3 
months 

Not yet 
recruiting  
 
Last 
updated:  
November, 
2020 

The primary objective of this study is to evaluate whether the MiniMed 
780G AHCL system improves glycaemic control and Quality of Life (QoL) 
perception in adult individuals with T1D and naïve to CSII and CGM 
technologies 
 
Population: Adults with T1DM.  
 
Intervention: MiniMed 780G AHCL system. 
 
Comparator: Standard care (MDI). 
 
Primary Outcome Measure: Between group TIR difference. 

Registration: 
NCT04235504 
(2021) 
 
Country: France, 
Germany and UK 
 
Target 
recruitment: 124 
participants 
 
Follow-up: 6 
months 

Active, not 
recruiting  
 
Last 
updated:  
December, 
2021 

The purpose of this study is to evaluate the safety and efficacy of the 
Advanced Hybrid Closed Loop (AHCL) system in sub-optimally 
controlled patients with T1D, in comparison with Multiple Daily Injection 
(MDI) therapy with Flash Glucose Monitoring (FGM) or Continuous 
Glucose Monitoring (CGM). Patient with a diagnosis of Type 1 diabetes 
currently under MDI+ FGM or MDI+ CGM therapy will be enrolled. 
 
Population: Adults with T1DM.  
 
Intervention: Advanced hybrid closed loop (AHCL). 
 
Comparator: Standard care (MDI+FGM or MDI+CGM). 
 
Primary Outcome Measure: The difference in the mean HbA1c change 
(6 months - baseline) between the AHCL and the MDI + FGM arm will be 
evaluated. 

Registration: 
NCT02748018 
(2022) 
 
Country: US and 
Europe including 
UK.  
 
Target 
recruitment: 280 
participants 
 

Recruiting 
 
Last 
updated:  
July, 2022 

The purpose of this study is to evaluate the safety and effectiveness of 
the Hybrid Closed Loop system (HCL) in adult and paediatric patients 
with type 1 diabetes in the home setting. 
 
Population: Adults and children with T1DM. The study population will 
have a large range for duration of diabetes and glycaemic control, as 
measured by glycosylated haemoglobin (A1C). 
 
Intervention: Medtronic 670G and 770G Hybrid Closed Loop Systems. 
 
Comparator: Standard care CSII (Continuous Subcutaneous Insulin 
Infusion), MDI (Multiple Daily Injections) or SAP (Sensor Augmented 
Pump.  
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Follow-up: 6 
months 

 
Primary Outcome Measure: Change in A1C and time in hypoglycaemic 
range for all cohorts.  

Registration: 
NCT03784027 
(2021) 
 
Country: Europe 
(UK, Austria, 
Germany, 
Luxembourg)  
 
Target 
recruitment: 81 
participants 
 
Follow-up: 16 
weeks 

Active, not 
recruiting  
 
Last 
updated:  
September, 
2021 

The trial is an outcome study to determine whether 24/7 automated 
closed loop glucose control will improve glucose control as measured 
by time in range compared to sensor augmented pump therapy.  
 
Population: Children with T1DM aged 1 to 7 years.   
 
Intervention: CamAPS FX. 
 
Comparator: Sensor augmented therapy.  
 
Primary Outcome Measure: Time in target (3.9 to 10.0 mmol/l) (70 to 
180 mg/dl). 
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Appendix 6. HTW adaptation of SHTG cost-utility analysis 

1. Background and objective 

A cost-utility analysis was performed to estimate the cost-effectiveness of closed loop systems 
(CLS) in the treatment of adults with type 1 diabetes (T1DM). The analysis followed the approach 
taken by SHTG (2022); however, the model was adapted to support fully incremental analysis. 

 

2. Methods 

 Model approach 

SHTG’s Excel-based implementation of the Sheffield Type 1 Diabetes Model is a patient-level 
simulation using an annual cycle length. An overview of the model structure is provided in Figure 
1. The model uses patient characteristics, including HbA1c, to adjust the risk of long-term 
microvascular and macrovascular complications and uses annual event rates to model the 
incidence of non-severe hypoglycaemic events (NSHE) and severe hypoglycaemic events (SHE). 
The impact of different diabetes management strategies on event incidence is captured via 
modelled differences in HbA1c levels and hypoglycaemia rates, with appropriate costs and 
health-related utility reductions (or disutilities) applied.  

The model took the perspective of the UK NHS and personal social services (PSS). Costs and 
quality-adjusted life years (QALYs) were evaluated over a lifetime horizon and discounted at an 
annual rate of 3.5%. The following strategies were included: 

• CLS: Closed loop systems 
• MDI+SMBG: Multiple daily injections with self-monitoring of blood glucose  
• MDI+CGM: Multiple daily injections with continuous glucose monitoring 
• MDI+FGM: Multiple daily injections with flash glucose monitoring 
• CSII+CGM: Continuous subcutaneous insulin infusion with continuous glucose 

monitoring 

The SHTG model was adapted to perform fully incremental analysis, in addition to pairwise 
evaluations of CLS against each comparator. This required an update to the approach taken to 
define HbA1c levels in each arm (described in section 2.2.2).  

Under the fully incremental approach, we compared all modelled strategies against each other. 
The strategies were first ranked in order of outcomes, from lowest to highest QALYs. Any strategy 
with both lower QALYs and higher costs than an alternative (i.e., dominated) or offering worse 
value for money than the next, more effective, option (i.e., extendedly dominated) was removed 
from consideration. Then incremental costs, QALYs, health benefit and cost-effectiveness ratios 
(ICERs) were estimated for each strategy compared to the previously ranked option. The strategy 
associated with the highest total health benefit at a willingness to pay threshold of £20,000 per 
QALY was considered the optimal strategy. 
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Figure 1. Model schematic  

 

 Clinical data 

2.2.1 Baseline characteristics 

We based the modelled cohort profile on the SHTG analysis, as Welsh experts confirmed that 
Welsh and Scottish populations are likely to be similar. Baseline age, duration of diabetes and 
HbA1c were informed by the network meta-analysis (NMA) reported by Pease et al. (2020) and the 
remainder by Welsh or Scottish cohort data (Table 8).  

The modelled profile was consistent with National Diabetes Audit data for England and Wales 
(Holman et al. 2021, NHS Digital 2021, NHS Digital 2022), except for HbA1c levels. As noted by SHTG, 
Welsh experts confirmed that average HbA1c levels in clinical practice are higher than those 



Page 60 of 98 
 

EAR045 November 2022 
 

 

 
 

observed in the RCTs included in the NMA. The impact of this parameter was assessed in 
sensitivity analysis. 

Table 8. Baseline characteristics 

Characteristic Mean SE/α, β, distribution Source 

Age (years) 43.3 1.9, Normal Pease et al. (2020) 

Duration diabetes (years) 21.4 1.5, Normal Pease et al. (2020) 

Male (%) 56.0% 8,929, 7,016, Beta NHS Digital (2022)* 

HbA1c (%) 7.7 0.19, Normal Pease et al. (2020) 

TC:HDL 4.5 - Assumption 

Systolic blood pressure (mmHg) 129.3 0.1, Normal Akbar et al. (2017) 

Smoker (%) 19.2% 2,586, 10,884, Beta NHS Digital (2022)* 

Background retinopathy (%) 36.9% 5,369, 9,182, Beta Akbar et al. (2017) 

Proliferative retinopathy (%) 14.7% 1,152, 6,684, Beta Akbar et al. (2017) 

Microalbuminuria (%) 14.8% 1,166, 6,714, Beta Akbar et al. (2017) 

Macroalbuminuria (%) 3.8% 87, 2,197, Beta Akbar et al. (2017) 

ESRD (%) 1.5% 14, 909, Beta Akbar et al. (2017) 

Abbreviations: ESRD: end-stage renal disease; HDL: high density lipoprotein; TC total cholesterol 
*Input updated from SHTG analysis using data for Wales 

 

2.2.2 Efficacy data 

As in most diabetes models, the Sheffield Type 1 Diabetes Model and SHTG’s implementation of 
it estimate glycaemic outcomes and their impact on long-term complications via HbA1c levels. 
HbA1c has historically been considered the gold standard measure for blood glucose levels and 
much evidence exists characterising the relationship between HbA1c and long-term 
complications to enable this modelling. While percentage time in glycaemic range has become 
more commonly reported in clinical trials and there is evidence linking time in range to 
complication risk (Beck et al. 2019b), validated models are less common. SHTG therefore mapped 
clinical outcomes to the effects included in the model and we retained this approach.  

Time in range and HbA1c levels 

As in the SHTG analysis, reductions in HbA1c were estimated from improvements in time in range 
using published equations (Beck et al. 2019a). On average, (Beck et al. 2019a) estimated that 
HbA1c levels improved by around 0.4% for a 10% improvement in time in range, which is similar 
to the magnitude of effect reported by others (0.4%, Fabris et al. (2020); 0.8%, Vigersky & 
McMahon (2019)). According to these equations, larger HbA1c improvements were modelled for 
baseline HbA1c levels of 8% or more considered in sensitivity analyses (Table 10). Expert reviewers 
felt that this was appropriate. The modelled difference between CLS and CSII+CGM in the base 
case (-0.37) is within the confidence intervals for meta-analysed differences between CLS and 
sensor-augmented pump (SAP) therapy: -0.26 (95% CI -0.38 to -0.13) reported by Bekiari et al. 
(2018) and -0.28 (-0.43, -0.13) re-estimated from Jiao et al. (2022) for SAP-only controls.  

In the base case analysis, the baseline HbA1c of 7.7% from the NMA was assumed to reflect the 
MDI+SMBG strategy and relative effects applied to derive HbA1c levels in the other arms. Other 
assumptions and higher baseline HbA1c levels were tested in scenario analysis (Table 10). 
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Table 9. Modelled effect of CLS on glucose levels 

Comparator 
strategy 

Improvement 
in percentage 
time in range 

SE, 
distribution 

Source 

Estimated change in HbA1c 

Baseline HbA1c 
7.0 to 7.9% 

Baseline HbA1c 
8% or more 

MDI+SMBG 17.85 5.25, Normal Pease et al. (2020) -0.62 -1.21 

MDI+CGM 12.76 4.85, Normal Pease et al. (2020) -0.48 -1.07 

MDI+FGM 13.29 5.76, Normal Pease et al. (2020) -0.49 -1.08 

CSII+CGM 8.77 2.94, Normal Pease et al. (2020) -0.37 -0.96 

Abbreviations: CGM: continuous glucose monitoring; CLS: closed loop systems; CSII: continuous subcutaneous 
insulin infusion; FGM: flash glucose monitoring; MDI: multiple daily injections; SMBG: self-monitoring blood glucose 

 

Table 10. Modelled HbA1c levels 

Strategy 

Base case 
(NMA baseline anchored to 
MDI+SMBG, HbA1c effects 
for baseline 7.0 to 7.9%) 

Scenario 
(NMA baseline anchored to 

CLS, HbA1c effects for 
baseline 7.0 to 7.9%) 

Scenario 
(Real world baseline* 

anchored to MDI+SMBG, 
HbA1c effects for baseline 

8% or more) 

CLS 7.08% 7.70% 7.29% 

MDI+SMBG 7.70%  8.32% 8.50% 

MDI+CGM 7.56% 8.18% 8.36% 

MDI+FGM 7.57% 8.19% 8.37% 

CSII+CGM 7.45% 8.07% 8.25% 

Abbreviations: CGM: continuous glucose monitoring; CLS: closed loop systems; CSII: continuous subcutaneous 
insulin infusion; FGM: flash glucose monitoring; MDI: multiple daily injections; SMBG: self-monitoring blood glucose 
*Average of 8.5% estimated from National Diabetes Audit data for England and Wales (NHS Digital 2021) 

 

Time below range and incidence of hypoglycaemic events 

The impact of CLS on the incidence of NSHE and SHE is uncertain. No NMA estimates were 
identified for these outcomes and the reported incidence of SHE within RCTs was very low. While 
Fang et al. (2022) estimated a statistically significant reduction in any hypoglycaemic events for 
CLS versus SAP (RR: 0.54), Jiao et al. (2022) found no statistically significant difference in SHE 
between CLS and a mixed group of controls.  

NMA estimates for time below range reported by Pease et al. (2020) were subject to significant 
inconsistency, indicating differences between the direct and indirect estimates from the 
analysis. Pairwise meta-analyses have shown statistically significant improvements in time 
below range for CLS against comparators including SAP (see section 4).  

In the absence of published evidence linking time below range to the incidence of SHE and NSHE, 
the assumptions from the SHTG analysis were applied relative to annual hypoglycaemic event  
rates defined for MDI+SMBG (Table 11 and Table 12). As in the SHTG analysis, SHE event rate 
reductions for all non-SMBG strategies were assumed equal in the base case, with alternative 
assumptions tested in scenario analysis. 

In the base case, MDI+SMBG event rates were based on the Scottish population studies used by 
SHTG and SHE defined as those requiring emergency treatment. Welsh experts confirmed that 
the incidence of hypoglycaemia is likely to be similar in Welsh and Scottish populations. 
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Alternative rates were tested in scenario analysis based on Donnelly et al. (2005), UK 
Hypoglycaemia Study Group (2007) and the SMBG arm of an evaluation undertaken by NICE 
(2015).  

Table 11. Modelled incidence of NSHE  

Strategy 
Modelled NSHE 
rate / reduction 

in events* 

SE/α, β, 
distribution 

Source Rationale for assumption 

MDI+SMBG 41.74 2.13, Normal 
Donnelly et al. 

(2005) 
N/A 

CLS 50% 5, 5, Beta 
SHTG 

assumption 
McAuley et al. (2020): -2.0% time <70 
mg/dL relative to 3.8% with SMBG 

MDI+CGM 35% 3.5, 6.5, Beta 
SHTG 

assumption 

Beck et al. (2017): median 43 min/d 
<70 mg/dL at 12/24 weeks versus 65 
min/d at baseline 

MDI+FGM 25% 2.5, 7.5, Beta 
SHTG 

assumption 
Bolinder et al. (2016): -25.8% events 
and -38.0% time <70 mg/dL 

CSII+CGM 30% 3, 7, Beta 
SHTG 

assumption 
Assumed CSII+CGM 40-50% less 
effective than CLS 

Abbreviations: CGM: continuous glucose monitoring; CLS: closed loop systems; CSII: continuous subcutaneous 
insulin infusion; FGM: flash glucose monitoring; MDI: multiple daily injections; NSHE: non-severe hypoglycaemic 
event; SMBG: self-monitoring blood glucose 
*SHTG rounded estimates from supporting information to the nearest 5% 

 

Table 12. Modelled incidence of SHE  

Strategy 
Modelled SHE 

rate / reduction 
in events 

SE/α, β, 
distribution 

Source Rationale for assumption 

MDI+SMBG 0.115* 0.009, Normal 
Leese et al. 

(2003) 
N/A 

CLS 55% 5.5, 4.5, Beta 
SHTG 

assumption 
McAuley et al. (2020): -0.4% time <50 
mg/dL relative to 0.6% with SMBG 

MDI+CGM 55% 5.5, 4.5, Beta 
SHTG 

assumption 
Dicembrini et al. (2021): 0.53 OR for 
severe hypoglycaemia 

MDI+FGM 55% 5.5, 4.5, Beta 
SHTG 

assumption 
Bolinder et al. (2016): -55.0% events 
and -65.3% time <40 mg/dL 

CSII+CGM 55% 5.5, 4.5, Beta 
SHTG 

assumption 
 

Abbreviations: CGM: continuous glucose monitoring; CLS: closed loop systems; CSII: continuous subcutaneous 
insulin infusion; FGM: flash glucose monitoring; MDI: multiple daily injections; NSHE: non-severe hypoglycaemic 
event; SMBG: self-monitoring blood glucose 
*SHE defined as events requiring emergency treatment by healthcare professionals in primary care, ambulance, 
accident and emergency or hospital services 

 

2.2.3 Transition probabilities 

We assumed modifiable risk factors (HbA1c, blood pressure, cholesterol and smoking) remained 
stable over time and retained SHTG’s approach to modelling diabetes-related complications. 
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The risk of microvascular events (nephropathy, neuropathy, and retinopathy) was informed by 
large studies of people with T1DM or type 2 diabetes (T2DM), including the Wisconsin 
Epidemiological Study of Diabetic Retinopathy (WESDR), UK Diabetes Control and Complications 
Trial (DCCT) and UK Prospective Diabetes Study (UKPDS). Baseline risks were adjusted for HbA1c 
levels, as detailed by Thokala et al. (2014). 

Cardiovascular risk was modelled according to an equation published by Cederholm et al. (2011), 
which adjusts for age, duration of diabetes, smoking status, systolic blood pressure, cholesterol, 
presence of macroalbuminuria and prior cardiovascular disease. Up to two events were modelled. 
Cardiovascular events were split into angina (28%), myocardial infarction (MI, 53%), stroke (7%) 
and heart failure (12%) and fatality rates based on DCCT/EDIC data (Nathan et al. 2005). 

Background mortality for the general population was modelled according to age- and sex-
specific life tables for Wales (Office for National Statistics 2021). These probabilities of all-cause 
mortality were weighted according to the sex-distribution of the cohort at baseline. 

 

 Resource use and costs 

Costs captured in the model included the costs of the technologies (devices, consumables, self-
testing of blood glucose) and events (SHE, microvascular and macrovascular complications). The 
costs of insulin and MDI consumables, training and clinical contact were not included. Resource 
use and cost inputs were updated from the SHTG analysis (Table 13 to Table 15). 

Device and consumable costs were obtained from NHS Wales Shared Services Partnership 
(NWSSP) procurement services and the National Drug Tariff (accurate as of August 2022). Event 
costs were updated where more recent data were available and inflated to 2020/21 prices (Jones 
& Burns 2021).  

Table 13. Intervention resource use 

Strategy Resource use 

MDI+SMBG • Self-testing materials six times a day, based on the recommended frequency of testing 
of 4-10 times a day 

MDI+CGM 
• Transmitters (replaced according to manufacturer warranty) 
• One sensor every 7-10 days (device specific) 
• Self-testing materials twice a day for CGM calibration 

MDI+FGM 
• One sensor every 14 days 
• Self-testing materials 90% reduction in frequency versus SMBG based on the IMPACT 

study 

CSII+CGM 

• Insulin pump, replaced every four years  
• Pump consumables  
• One sensor every 7-10 days (device specific) 
• Self-testing materials twice a day for CGM calibration 

CLS 

• CLS app or kit 
• Insulin pump, replaced every four years  
• Pump consumables  
• Transmitters (replaced according to manufacturer warranty) 
• One sensor every 7-10 days (device specific) 
• Self-testing materials (strips and lancets) twice a day for CGM calibration 

Abbreviations: CGM: continuous glucose monitoring; CLS: closed loop systems; CSII: continuous subcutaneous 
insulin infusion; FGM: flash glucose monitoring; MDI: multiple daily injections; SMBG: self-monitoring blood glucose 
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Table 14. Annual intervention cost inputs (August 2022) 

Annual costs Mean α, β, distribution Source 

MDI+SMBG, self-testing £536.42 744.46, 0.72, Gamma 
NWSSP, NHS Prescription Services 
(2022) 

CGM (sensors and 
transmitters) 

£1,961.03 27.84, 70.43, Gamma NWSSP 

CGM self-testing £178.81 745.25, 0.24, Gamma NHS Prescription Services (2022) 

FGM (sensors) £912.50 Fixed NHS Prescription Services (2022) 

FGM self-testing £53.64 741.39, 0.07, Gamma NHS Prescription Services (2022) 

CSII, year 1 of 4-year cycle 
only (pump) 

£2,455.07 82.11, 29.90, Gamma NWSSP 

CSII (consumables) £1,152.36 56.12, 20.53, Gamma NHS Prescription Services (2022) 

CLS, year 1 of 4-year cycle 
(CLS, CGM, pump, 
consumables) 

£6,946.84 
342.62, 20.28, 

Gamma 
NWSSP, NHS Prescription Services 

CLS, years 2-4 of 4-year cycle 
(CLS, CGM, consumables) 

£3,970.41 163.70, 24.25, Gamma 
NWSSP, NHS Prescription Services 
(2022) 

CLS self-testing £178.81 745.25, 0.24, Gamma NHS Prescription Services (2022) 

Abbreviations: CGM: continuous glucose monitoring; CLS: closed loop systems; CSII: continuous subcutaneous 
insulin infusion; FGM: flash glucose monitoring; MDI: multiple daily injections; SMBG: self-monitoring blood glucose 

 

Table 15. Event cost inputs (2020/21) 

Cost Mean α, β, distribution Source 

Microalbuminuria (ongoing) £39.82 100, 0.40, Gamma Thokala et al. (2014)  

Macroalbuminuria (ongoing) £39.82 100, 0.40, Gamma Thokala et al. (2014) 

ESRD (ongoing) 
£20,399.23 100, 203.99, Gamma NICE (2015), UK Renal Registry 

(2022)* 

Neuropathy 
£29.09 100, 0.29, Gamma NHS Prescription Services (2022): 

duloxetine 60mg daily  

PAD with amputation (year 1) 
£12,571.30 100, 125.71, Gamma NHS England (2022): HRG YQ21A-

YQ22B, YQ24AYQ26C 

PAD with amputation 
(ongoing) 

£2,017.64 100, 20.18, Gamma NICE (2015) 

Background retinopathy £324.95 100, 3.25, Gamma McQueen et al. (2018) 

Proliferative retinopathy £1,106.78 100, 11.07, Gamma McQueen et al. (2018) 

Macular oedema £3,230.92 100, 32.31, Gamma McQueen et al. (2018) 

Blindness (year 1) £7,803.16 100, 78.03, Gamma NICE (2015) 

Blindness (ongoing) £7,539.27 100, 75.39, Gamma NICE (2015) 

Fatal MI £1,322.52 100, 13.23, Gamma NICE (2015): cardiovascular death 

MI (non-fatal, year 1) £4,201.54 100, 42.02, Gamma NICE (2015) 

MI (non-fatal, ongoing) £887.52 100, 8.88, Gamma NICE (2015) 
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Cost Mean α, β, distribution Source 

Fatal Stroke £1,322.52 100, 13.23, Gamma NICE (2015): cardiovascular death 

Stroke (non-fatal, year 1) £4,695.29 100, 46.95, Gamma NICE (2015) 

Stroke (non-fatal, ongoing) £174.21 100, 1.74, Gamma NICE (2015) 

HF (year 1) £4,048.98 100, 40.49, Gamma NICE (2015) 

HF (non-fatal, ongoing) £2,924.38 100, 29.24, Gamma NICE (2015) 

Angina (year 1) £7,214.57 100, 72.15, Gamma NICE (2015) 

Angina (ongoing) £324.70 100, 3.25, Gamma NICE (2015) 

SHE  £726.43 100, 7.26, Gamma Hammer et al. (2009): average cost 
of SHE treated by a community 
healthcare professional or in 
hospital. The average cost of any 
SHE (£381, NICE (2015)) was applied 
when higher baseline SHE rates 
were tested in scenario analysis. 

Abbreviations: ESRD: end-stage renal disease; HF: heart failure; MI: myocardial infarction; PAD: peripheral artery 
disease; SHE: severe hypoglycaemic event 
*Costs weighted by prevalence of renal replacement therapy modalities in Wales (UK Renal Registry) and average 
graft survival (NHSBT) 

 

 Health-related quality of life 

The SHTG approach to modelling health-related quality of life was followed, with minor updates 
to the input values applied (Table 16). Event-related utility decrements (or disutilities) were 
applied additively to a baseline utility, defined for people with T1DM and adjusted for age. 

Baseline utility was sourced from a UK study of quality of life among people with T1DM, captured 
via EQ-5D with UK preference weights (Peasgood et al. 2016). This was adjusted for age using the 
Ara & Brazier (2010) algorithm, based on EQ-5D data from the Health Survey for England. 

Utility decrements applied to microvascular and macrovascular events were sourced from: 

• Peasgood et al. (2016): the study used to inform baseline utility. 
• Beaudet et al. (2014): a systematic review of utility values for complications associated 

with T2DM, which prioritised values satisfying the NICE reference case. Within this review, 
relevant disutility values were quoted from studies of people with T1DM and/or T2DM that 
used EQ-5D with the UK value set or time trade-off approaches. 

• Coffey et al. (2002): a US study that assessed the impact of complications in people with 
T1DM, using self-administered Quality of Well Being index (QWB-SA) utility scores. 

Utility decrements applied to SHE and NSHE were sourced from a time trade-off study in five 
countries (UK, USA, Canada, Germany, and Sweden; Evans et al. (2013)). The study reported results 
for respondents with T1DM, T2DM and from the general population; country-specific estimates 
were also reported for the general population. T1DM estimates for daytime events were applied in 
the base case and UK-specific general population estimates tested in sensitivity analysis.  

In the model, all utility decrements were assumed to be constant and additive. This approach 
could overestimate the impact of hypoglycaemia because it does not account for the possibility 
that the marginal effect of each event may diminish as more events are experienced. For 
example, the incidence of one additional event for an individual who experiences 40 NSHE per 
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year may not have the same impact as the increase from one to two events per year. The 
Lauridsen et al. (2014) model was used to account for this in scenario analysis. 

Potential quality of life gains associated with improvements in the burden of diabetes 
management, frequency of finger-prick testing, treatment satisfaction, sleep or fear of 
hypoglycaemia were not modelled in the base case analysis. Fear of hypoglycaemia was not 
modelled in addition to NSHE and SHE disutilities to avoid double counting. Fear of 
hypoglycaemia has been shown to increase with frequency of hypoglycaemic events and in turn 
negatively affect quality of life among people with diabetes (Currie et al. 2006). The disutilities 
applied to NSHE and SHE may capture some or all of this effect and it is unclear whether the 
modelled strategies impact fear of hypoglycaemia independent of changes to the frequency of 
hypoglycaemic events. 

Previous evaluations of FGM have incorporated a process-related improvement in quality of life 
associated with people’s preference for using the device, over and above clinical benefits such 
as reduced HbA1c and hypoglycaemia. This utility improvement of 0.03 per year compared to 
SMBG (Matza et al. 2017) was applied in scenario analysis only, because of applicability concerns. 
The source study elicited preferences from the general population rather than people with 
diabetes, which does not match the generally preferred approach of using values from the 
indicated population.  

Table 16. Health-related utility inputs 

Baseline utility / utility 
decrement 

Mean SE/α, β, 
distribution 

Source 

Baseline utility 0.839 4,971, 954, Beta Peasgood et al. (2016) 

Background retinopathy  0.027 6, 207, Beta Peasgood et al. (2016) 

Proliferative retinopathy  0.07 21, 276, Beta Beaudet et al. (2014), vision threatening diabetic 
retinopathy 

Macular oedema 0.04 9, 209, Beta Beaudet et al. (2014) 

Blindness  0.208 2, 7, Beta Coffey et al. (2002) 

Macroalbuminuria 0.017 3, 163, Beta Coffey et al. (2002), diabetic kidney disease 

ESRD 0.088 7, 75, Beta Beaudet et al. (2014), UK Renal Registry (2022)* 

Neuropathy  0.055 29, 490, Beta Coffey et al. (2002) 

Amputation  0.116 22, 170, Beta Coffey et al. (2002) 

MI  0.055 76, 1,309, Beta Beaudet et al. (2014) 

Stroke  0.164 26, 130, Beta Beaudet et al. (2014) 

HF 0.108 11, 88, Beta Beaudet et al. (2014) 

Angina  0.09 22, 220, Beta Beaudet et al. (2014), ischaemic heart disease 

SHE 0.047 36, 728, Beta Evans et al. (2013) 

NSHE 0.004 15, 3,810, Beta Evans et al. (2013) 

Abbreviations: ESRD: end-stage renal disease; HF: heart failure; MI: myocardial infarction; NSHE: non-severe 
hypoglycaemic event; PAD: peripheral artery disease; SHE: severe hypoglycaemic event 
*Utility decrements weighted by prevalence of renal replacement therapy modalities in Wales (UK Renal Registry) 
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3. Results 

 Base case results 

The base case results of pairwise and fully incremental analyses are summarised in Table 17 and 
Table 18. CLS was estimated to increase costs and improve outcomes compared to all other 
strategies considered. The higher intervention cost associated with CLS was partially offset by 
the avoidance of SHE (compared to MDI+SMBG only) and long-term complication costs. QALY 
gains were driven by the avoidance of NSHE, in addition to fewer SHE and long-term 
complications. Cost-effectiveness estimates improved over longer modelled time horizons, as 
more of these cost-offsets and QALY gains were captured. 

Over a lifetime horizon, CLS was not estimated to be cost-effective at a threshold of £20,000 per 
QALY gained against any comparator. Compared with CSII+CGM, CLS provided 0.76 additional 
QALYs at an additional cost of £18,505, corresponding to an ICER of £24,446 per QALY gained. 
ICERs of £43,114 to £79,463 per QALY were estimated against the other three comparators. 

In fully incremental analysis, MDI+FGM was estimated to be the optimal strategy, providing the 
highest total health benefit of any strategy. MDI+FGM was estimated to be cost-effective versus 
MDI+SMBG (the cheapest and least effective strategy), with an ICER of £7,303 per QALY gained. 
CSII+CGM was dominated by MDI+CGM, while MDI+CGM and CLS were not estimated to be cost-
effective against the relevant comparators at a threshold of £20,000 per QALY (Figure 2 and Table 
19). 

It should be noted that the modelled dominance of MDI+CGM over CSII+CGM was driven by 
assumed reductions in hypoglycaemia, made in the absence of estimates of relative effects from 
an NMA. These assumptions are a key limitation of the analysis and source of uncertainty in the 
modelled results. 

 

 

Figure 2. Base case results (efficiency frontier indicated by dashed line)
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Table 17. Summary of base case pairwise analysis 

Strategy Total costs (£) Total QALYs Total health 
benefit 

Incremental 
costs (£) 

Incremental 
QALYs 

Net health 
benefit 

ICER (£/QALY) 

CLS £124,911 12.42 6.18 N/A N/A N/A N/A 

MDI+SMBG £44,458 10.56 8.34 £80,453 1.87 -2.16 £43,114 

MDI+CGM £72,860 11.77 8.13 £52,051 0.66 -1.95 £79,463 

MDI+FGM £50,959 11.45 8.90 £73,953 0.98 -2.72 £75,783 

CSII+CGM £106,407 11.67 6.35 £18,505 0.76 -0.17 £24,446 

Abbreviations: CGM: continuous glucose monitoring; CLS: closed loop systems; CSII: continuous subcutaneous insulin infusion; FGM: flash glucose monitoring; ICER: incremental 
cost-effectiveness ratio; MDI: multiple daily injections; QALY: quality-adjusted life-year; SMBG: self-monitoring blood glucose 
Results estimated over 5,000 simulations. Total and net health benefit estimated at a willingness to pay threshold of £20,000 per QALY. 

 

Table 18. Summary of base case fully incremental analysis 

Strategy 
Comparator on 

efficiency frontier 
Total costs (£) Total QALYs 

Total health 
benefit 

Incremental 
costs (£) 

Incremental 
QALYs 

Net health 
benefit 

ICER (£/QALY) 

MDI+SMBG Reference £44,458 10.56 8.34 N/A N/A N/A N/A 

MDI+FGM MDI+SMBG £50,959 11.45 8.90 £6,501 0.89 0.57 £7,303 

CSII+CGM N/A £106,407 11.67 6.35 N/A N/A N/A N/A 

MDI+CGM N/A £72,860 11.77 8.13 £21,901 0.32 -0.77 £68,268 

CLS MDI+FGM £124,911 12.42 6.18 £52,051 0.66 -1.95 £79,463 

Abbreviations: CGM: continuous glucose monitoring; CLS: closed loop systems; CSII: continuous subcutaneous insulin infusion; FGM: flash glucose monitoring; ICER: incremental 
cost-effectiveness ratio; MDI: multiple daily injections; QALY: quality-adjusted life-year; SMBG: self-monitoring blood glucose 
Results estimated over 5,000 simulations. Total and net health benefit estimated at a willingness to pay threshold of £20,000 per QALY. 
In fully incremental analysis, strategies were ranked in order of total QALYs (low to high). Strategies subject to dominance or extended dominance were removed from consideration 
(indicated by N/A). Incremental costs, QALYs, health benefit and ICERs were then estimated for each strategy compared with the previously ranked option on the efficiency frontier. 
The strategy with the highest total health benefit was considered the optimal strategy. 
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 Scenario analysis 

Scenario analyses assessed the impact of alternative inputs and assumptions around HbA1c 
levels, the incidence of hypoglycaemia and its impact on health-related quality of life. Results 
are summarised in Table 19 and Figure 3. 

The exclusion of hypoglycaemia effects had the largest impact on cost-effectiveness estimates. 
In this scenario, NSHE and SHE rates were assumed equal for all strategies and ICER estimates 
for CLS exceeded £150,000 per QALY gained against all comparators. MDI+SMBG was estimated 
to be the optimal strategy under this scenario. Cost-effectiveness estimates also worsened when 
utility decrements were applied multiplicatively, the disutility applied to NSHE was reduced and 
when alternative baseline hypoglycaemia rates were applied.  

Cost-effectiveness estimates improved when higher baseline HbA1c levels, increased HbA1c 
effects, alternative SHE assumptions, process-related utility gains or hypoglycaemia disutilities 
estimated from the general population were applied. CLS was estimated to be cost-effective at 
£20,000 per QALY gained compared with CSII+CGM when higher baseline HbA1c levels and/or 
increased HbA1c effects were modelled. These scenarios may better reflect real world HbA1c levels 
observed outside of trial settings. CLS was also estimated to be highly cost-effective compared 
to CSII+CGM when the annual cost of CGM was estimated considering only CGM systems 
currently used within CLS, suggesting CLS may be a cost-effective addition for people already 
using more costly CGM options. For the other comparators, the pairwise conclusions of the base 
case remained unchanged. 

MDI+FGM was estimated to be the optimal strategy in most scenarios tested. In fully incremental 
analysis, CLS was compared against either MDI+CGM or MDI+FGM but was not estimated to be 
cost-effective against the relevant comparator in any scenario. 

 

 Deterministic sensitivity analysis  

A series of deterministic sensitivity analyses were performed to assess the relative influence of 
each input parameter and determine the key drivers of modelled estimates. Discount rates of 0% 
and 6% were tested and all other parameter values were varied by 20%. Figure 4 presents the 
results for the 20 most influential parameters, evaluated over 2,500 simulations. 

In addition to the discount rates applied to costs and QALYs, variation in the costs of CLS, 
baseline HbA1c levels and associated effects, baseline NSHE rates, NSHE effects and NSHE 
disutility inputs had the largest impact on cost-effectiveness estimates. 
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Table 19. Summary results of scenario analyses 

Scenario 

Pairwise ICER versus comparator Fully incremental outcome 

MDI+SMBG MDI+CGM MDI+FGM CSII+CGM Optimal 
strategy 

CLS comparator on 
efficiency frontier 

Base case £43,114 £79,463 £75,783 £24,446 MDI+FGM MDI+CGM 

No NSHE & SHE effects £348,975 £308,762 £419,727 £156,944 MDI+SMBG MDI+FGM 

Reduced NSHE disutility; Lauridsen model £119,965 £165,647 £186,501 £62,699 MDI+SMBG MDI+FGM 

Reduced NSHE disutility; NSHE disutility halved £73,118 £121,392 £124,505 £41,265 MDI+FGM MDI+FGM 

Higher HbA1c baseline & effects (Table 10) £31,417 £41,967 £47,776 £11,171 MDI+FGM MDI+FGM 

NSHE (26) & SHE (0.30) baseline rates; NG17 £58,667 £107,202 £107,144 £35,161 MDI+FGM MDI+CGM 

Multiplicative utility approach £61,595 £106,009 £104,353 £34,047 MDI+FGM MDI+CGM 

NSHE & SHE baseline rates & MDI+CGM reductions (NSHE 
21.5%, SHE 38.5%); NG17 

£58,667 £65,621 £107,144 £35,161 MDI+FGM MDI+FGM 

Higher HbA1c baseline & effects, no NSHE & SHE effects £111,530 £81,098 £117,251 £26,287 MDI+SMBG MDI+FGM 

NSHE (29) & SHE (p=0.46) baseline; UK hypo study group £50,754 £101,019 £99,800 £32,611 MDI+FGM MDI+CGM 

Higher predicted HbA1c reduction (upper 95% CI) £38,116 £58,346 £61,002 £18,034 MDI+FGM MDI+FGM 

CGM cost restricted to CLS-compatible options (£2,707) £43,114 £58,136 £75,783 £5,921 MDI+FGM MDI+FGM 

Strategy anchored to baseline HbA1c (CLS, Table 10) £38,213 £63,228 £64,638 £18,840 MDI+FGM MDI+FGM 

NSHE & SHE disutilities from general population £35,529 £67,783 £63,400 £20,312 MDI+FGM MDI+CGM 

Annual SHE baseline rate 1.15; Donnelly £30,835 £80,097 £76,217 £24,596 MDI+FGM MDI+CGM 

0.03 utility gain for non-SMBG strategies £33,054 £78,741 £75,290 £24,320 MDI+FGM MDI+CGM 

Alternative SHE assumptions; CLS 67%, MDI+CGM 45% £42,755 £76,495 £74,719 £23,848 MDI+FGM MDI+CGM 

NSHE & SHE reduction for CGM; NG17 £43,114 £47,397 £75,783 £24,446 MDI+FGM MDI+FGM 

Abbreviations: CGM: continuous glucose monitoring; CI: confidence interval; CLS: closed loop systems; CSII: continuous subcutaneous insulin infusion; FGM: flash glucose 
monitoring; ICER: incremental cost-effectiveness ratio; MDI: multiple daily injections; NSHE: non-severe hypoglycaemic event; SHE: severe hypoglycaemic event; SMBG: self-
monitoring blood glucose. Results estimated over 5,000 simulations. Total and net health benefit estimated at a willingness to pay of £20,000 per QALY 
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Figure 3. Pairwise ICER estimates from scenario analyses 

 

Figure 4. Pairwise ICER estimates from deterministic sensitivity analysi
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 Probabilistic sensitivity analysis  

Probabilistic sensitivity analysis (PSA) was conducted to assess the combined parameter 
uncertainty in the model. In this analysis, the mean values used in the base case were replaced 
with values drawn from distributions around the mean. Table 20 and Table 21 present the mean 
health economic results from the PSA.  

The cost-effectiveness outcomes of 50,000 PSA simulations are presented using cost-
effectiveness acceptability curves (CEACs). The pairwise CEACs in Figure 5 show the probability 
of CLS being considered cost-effective against each comparator across a range of cost-
effectiveness thresholds. At a threshold of £20,000 per QALY, CLS was estimated to be cost-
effective in 5%, 7%, 5% and 41% of simulations compared with MDI+SMBG, MDI+CGM, MDI+FGM 
and CSII+CGM, respectively.  

The fully incremental CEACs in Figure 6 show the probability of each strategy being considered 
the optimal strategy. At a threshold of £20,000 per QALY, MDI+FGM was estimated to be the 
optimal strategy in 67% of simulations. MDI+SMBG (17%), MDI+CGM (14%), CLS (1%) or CSII+CGM 
(1%) were estimated to be the optimal therapy in the remaining simulations. 

 

Figure 5. Pairwise cost-effectiveness acceptability curve 
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Figure 6. Fully incremental cost-effectiveness acceptability curve 
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Table 20. Summary of pairwise probabilistic sensitivity analysis 

Strategy Total costs (£) Total QALYs 
Total health 

benefit 
Incremental 

costs (£) 
Incremental 

QALYs 
Net health 

benefit 
ICER (£/QALY) 

% cost-
effective at 
£20,000 per 

QALY 

CLS £124,941 12.40 6.16 N/A N/A N/A N/A N/A 

MDI+SMBG £44,841 10.56 8.32 £80,100 1.84 -2.16 £43,473 5% 

MDI+CGM £74,784 11.69 7.96 £50,157 0.71 -1.80 £70,745 7% 

MDI+FGM £53,014 11.37 8.72 £71,926 1.03 -2.56 £69,595 5% 

CSII+CGM £107,984 11.59 6.19 £16,957 0.81 -0.04 £20,934 41% 

Abbreviations: CGM: continuous glucose monitoring; CLS: closed loop systems; CSII: continuous subcutaneous insulin infusion; FGM: flash glucose monitoring; ICER: incremental cost-
effectiveness ratio; MDI: multiple daily injections; QALY: quality-adjusted life-year; SMBG: self-monitoring blood glucose 
Results estimated over 50,000 simulations. Total and net health benefit estimated at a willingness to pay threshold of £20,000 per QALY. 

 

Table 21. Summary of fully incremental probabilistic sensitivity analysis 

Strategy 
Comparator on 
efficiency frontier 

Total costs 
(£) Total QALYs 

Total health 
benefit 

Incremental 
costs (£) 

Incremental 
QALYs 

Net health 
benefit ICER (£/QALY) 

% optimal at 
£20,000 per 

QALY 

MDI+SMBG Reference £44,841 10.56 8.32 N/A N/A N/A N/A 17% 

MDI+FGM MDI+SMBG £53,014 11.37 8.72 £8,173 0.81 0.40 £10,103 67% 

CSII+CGM N/A £107,984 11.59 6.19 N/A N/A N/A N/A 1% 

MDI+CGM N/A £74,784 11.69 7.96 N/A N/A N/A N/A 14% 

CLS MDI+FGM £124,941 12.40 6.16 £71,926 1.03 -2.56 £69,595 1% 

Abbreviations: CGM: continuous glucose monitoring; CLS: closed loop systems; CSII: continuous subcutaneous insulin infusion; FGM: flash glucose monitoring; ICER: incremental 
cost-effectiveness ratio; MDI: multiple daily injections; QALY: quality-adjusted life-year; SMBG: self-monitoring blood glucose 
Results estimated over 50,000 simulations. Total and net health benefit estimated at a willingness to pay threshold of £20,000 per QALY. 
In fully incremental analysis, strategies were ranked in order of total QALYs (low to high). Strategies subject to dominance or extended dominance were removed from consideration 
(indicated by N/A). Incremental costs, QALYs, health benefit and ICERs were then estimated for each strategy compared with the previously ranked option on the efficiency frontier. 
The strategy with the highest total health benefit was considered the optimal strategy. 
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 Limitations 

The economic analysis is subject to several limitations, which were acknowledged in the SHTG 
Advice Statement.  

• See discussion of limitations of the clinical data available to inform the cost-utility 
analysis, outlined in section 4 

• Considerable uncertainty in the relative effects of CLS and comparator strategies on 
the incidence of hypoglycaemic events. This is a key driver of uncertainty in the 
modelled results and further research is required to address this.  

• Reliance on a published association between changes in percentage time in range and 
changes in HbA1c levels to map NMA estimates to modelled effects. An NMA  
evaluating changes in HbA1c is required to address this limitation. 

• The modelled population may not represent people with T1DM in clinical practice. In 
particular, real world HbA1c levels are higher on average (8.5%) than the modelled 
baseline (7.7%), with less than one third of people with T1DM in Wales achieving HbA1c 
targets of 58 mmol/mol or 7.5% (NHS Digital 2022). Scenario analysis suggests this 
may bias the base case analysis against CLS. 

• Population subgroups who experts suggest may benefit most from CLS were not 
considered, e.g., young children and adolescents, women who are pregnant or planning 
pregnancy, those prone to hypoglycaemia, with impaired hypoglycaemia awareness 
or who experience a high burden of diabetes management. 

• HbA1c levels and other modifiable risk factors were assumed to be constant over time. 

• Treatment effects were assumed to be constant over time and changes in diabetes 
management were not considered. 

• The incidence of adverse events and diabetic ketoacidosis were not modelled.  

• The impact of hypoglycaemia on mortality risk was not considered. This may bias the 
analysis against CLS. 

• Costs of insulin and MDI consumables, training and clinical contact were not 
included. 

• Intervention costs did not account for discounts which may be available to Welsh 
health boards based on volumes of devices purchased. 

• Each hypoglycaemic event was assumed to have the same impact on quality of life.  

• Uncertainty around the quality of life impact of fear of hypoglycaemia, independent of 
the incidence of hypoglycaemic events. The analysis may bias against strategies that 
reduce fear of hypoglycaemia more than would be expected with reduced frequency of 
hypoglycaemic events. 

• Improvements in treatment satisfaction, sleep and burden of diabetes management 
were not captured. 

• Uncertainty in transition rates and risk equation coefficients was not captured within 
probabilistic sensitivity analysis; nor was correlation between sampled parameters. 
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Appendix 7. Patient Submission from Diabetes Cymru (full) 

1. What is the health condition and how does it affect the day-to-day lives of 
patients, their families, carers etc? 

Type 1 Diabetes is a serious, life-long health condition that occurs when the amount of glucose 
in the blood is too high because the body can’t make insulin. Everyone needs insulin to live 
because it does the essential job of allowing glucose in the blood to enter the cells and fuel the 
body.   
 
If left untreated type 1 diabetes can cause damage to the heart, eyes, feet and kidneys, and 
ultimately death.  
 
Managing type 1 diabetes can be relentless and people living with the condition and their 
parents or carers can find themselves faced with unexpected hospital stays, constant 
medication adjustments and lifestyle changes in order to effectively self-manage the 
condition and avoid its potentially devastating complications.  
 
Simple things such as going out, family events, and holidays require more planning which can 
lead to frustration, anger, resentment and more stress. Family dynamics can change due to 
one family member dominating the attention of others, causing feelings of jealously, 
abandonment etc. The strain of managing a child with diabetes, especially in the early months 
and years after diagnosis can cause breakdown of parental relationships.  
 
“You can’t do things on the spur of the moment – for instance if my children want to play football with 
me – I need to make sure my blood sugars are ok first.  You can’t be spontaneous.” [Person living with 
type 1 diabetes] 
 
Learning to live with diabetes can be overwhelming causing worry and stress or feelings of 
uncertainty. 
 
“For me it’s a job in itself (managing type 1 diabetes). I give it my all.  Learning to accept that you have 
this condition is a lifelong thing.  It does wear you down.  I would love something that took the hard work 
away.” 
 
One of the most challenging aspects of living with diabetes is the prevention and management 
of hypoglycaemia (hypos). Hypos are when the blood glucose (sugar) level is too low.  They can 
happen quickly, and it is important to know what the signs are and how to respond as hypos 
can be life-threatening. 25% people living with type 1 have hypo unawareness, meaning they do 
not have or do not recognise the symptoms of a hypo – something that can be very dangerous. 
This can impact on quality of life and affect day to day activities.  In some cases, people living 
with type 1 have to stop driving.  Hypos are distressing not only for the person living with the 
condition but also for parents, spouses and family members. They can be difficult and 
distressing to manage, the person may become aggressive, irritable, uncooperative, unsteady, 
confused etc.  
 
Parents of young children frequently report interrupted sleep for protracted periods (years) 
because they have to check their child’s blood glucose levels during the night to avoid life 
threatening hypoglycaemia and, where necessary, take remedial actions such as waking the 
child for blood testing or treatment.   
 
Not everyone with diabetes comes to terms with the fact that they are living with a long term 
condition or are able to sustain the intense daily vigilance required to keep healthy.  The need 
for constant vigilance can lead to ‘diabetes burnout’, anxiety, obsession and eating disorders 
such as anorexia and diabulimia. 
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2. How is the health condition currently diagnosed or assessed and what are the 
current or traditional treatments?  

Type 1 diabetes has a rapid onset and the most common symptoms are excessive thirst, being 
more tired than normal, needing the toilet more often than usual and significant weight loss. 
Where people are lucky these symptoms will prompt them to go to their GP who can diagnose 
type 1 diabetes. Too often, however, the seriousness of these symptoms is not recognised 
meaning people are diagnosed when they are hospitalised with life-threatening diabetic 
ketoacidosis (DKA).  
 
Insulin has been the most important treatment used to manage type 1 diabetes since it was 
first discovered 100 years ago. The vast majority of people living with type 1 diabetes in Wales 
currently use an insulin pen to administer insulin. 
 
Until recently, most people living with type 1 diabetes have also monitored blood glucose levels 
using a finger-prick testing device – something we know people living with diabetes often find 
painful and inconvenient. That’s why at Diabetes UK we’ve been pleased to see significant 
progress being made in recent years towards Flash glucose monitoring being made available 
to growing numbers of people living with type 1 diabetes.  
 
“Finger prick tests can hurt and have caused sores on my fingers. This is problematic as I’m a cellist and 
need to have good sensitivity in order to play” [person living with type 1 diabetes] 
 
Indeed, a recent recommendation from Health Technology Wales that all people living with 
type 1 diabetes should have access to Flash was particularly welcome and we hope to see the 
health system in Wales making progress on this recommendation in the coming months.  
 
While significant progress has been made towards more people using wearable technology to 
monitor their blood glucose levels we are concerned that too few people living with diabetes 
are able to access an insulin pump in Wales.  Data from Wales and England shows that just 
27.6% of people living with type 1 diabetes currently reach an HbA1c level below 58mmol/mol. 
This suggests that existing treatment does not provide sufficient support for people living 
with diabetes to reduce their HbA1c and increase their time spent in target glycaemic range.  
 
However, data also shows that individuals using an insulin pump, as opposed to insulin pens, 
are more likely to have recommended HbA1c levels. Evidence further shows that individuals 
using Flash or CGM are more likely to have blood glucose levels falling within their target range 
– indeed, the reduction in HbA1c seen with the addition of Flash or CGM in someone with type 1 
diabetes is comparable to the HbA1c reduction seen when adding another oral hypoglycaemic 
agent for people living with type 2 diabetes.  
 
There is considerable scope for improvements in outcomes for people living with type 1 
diabetes and technologies like hybrid closed-loop technology can support this whilst also 
reducing inequalities experienced by people who are less able to effectively self-manage their 
condition. 

3. What are the challenges associated with current practice and what does this 
mean for patients, their families, carers  etc? 

As discussed above, the majority of people living with type 1 diabetes in Wales do not currently 
reach their target time in range or HbA1c. Further, we know from speaking to people living with 
diabetes that they are not satisfied with current practice. This is not helped by the limited 
access to the therapies that can best support people to effectively self-manage their condition.  
 
We also know that there are deep inequalities in the care experienced by people living with 
type 1 diabetes in Wales, with people living in areas of high deprivation and from minority 
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ethnic group being the least likely to be in their target glycaemic range or to be using diabetes 
technology.  
 
Hybrid closed-loop technology has the potential to transform the lives of people living with 
type 1 diabetes in Wales. It can take away some of the relentless decision making expected of 
people living with the condition – research has shown that people living with type 1 diabetes 
can make up to an extra 180 extra health related decisions per day compared to someone 
without the condition.  
 
This technology has the potential to drastically improve both clinical and quality of life 
outcomes for people living with type 1 diabetes – transforming current practice for the better.  

4. What difference did/could the health technology make to the lives of patients 
and their families and what outcomes matter most to them?   

The following quotes from people living with type 1 diabetes and their parents or carers 
highlight the significant impact closed-loop technology can have on the lives of people living 
with the condition. Key themes from reports of people using this technology are that it 
significantly reduces the ‘mental load’ and allows them to spend ‘less time’ managing their 
condition and more time in target glycaemic range.  
 
“Essentially, I've gone from being the 'understudy to a pancreas' to being the manager of an 'understudy 
to a pancreas' where I just input the data and let the system do all the maths every 5 minutes to keep 
me in range for 90+% of the time and with an HbA1c of a non-diabetic” [Person living with type 1 
diabetes] 
 
“I am aware that I’m already thinking less about diabetes and enjoying a lot more sleep, as well as 
relying on the pump to sort out any miscalculations in carbs or late snacks” [person living with type 1 
diabetes] 
 
“I have been using the 780g system for a couple of months (I self fund the CGM) and with the CGM I have 
my A1C down to 47. This includes a months period where my family travelled to America (6 hour time 
change difference that my body usually struggles with) and a trip to Disney! I have far less low blood 
glucose, and I no longer have feet on the floor phenomenon [where blood glucose levels rise upon waking 
up]. I am excited to say it is looking like, all being well in the next few weeks, it will be a huge help for 
baby #2” [person living with type 1 diabetes] 
 
“I work full time and I am also in my final year of my MSc (while also running around after a 4 year old 
and another on the way). Using this system has significantly taken away the "mental load" of constant 
basal adjustments and it is hard to explain how much that has made a difference even in such a short 
amount of time.” [person living with type 1 diabetes] 
 
“We have 2 daughters using control IQ. It has made a huge difference to QOL, both for them and for us as 
parents. Less workload, more sleep, < 1% hypoglycaemia, no severe hypoglycaemia, improved TIR. 
Overnight the control is absolutely amazing.“ [parent of children living with type 1 diabetes] 
 
“We don’t have to discuss diabetes so much as the closed loop is doing its job and we see the figures 
and troubleshoot when necessary. Our interactions with our child are not just about diabetes now. We 
are all getting more sleep now. They [closed-loop systems] definitely help to alleviate some of the burden 
of diabetes. They are an essential part of the solution but not the whole solution.” [parent of child living 
with type 1 diabetes] 
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Appendix 8. Characteristics of individual studies included in systematic reviews 

Study Included in Methods, 
setting 

Participants Intervention Compariso
n 

Length of 
follow up 

Bally et al. 
(2017) 

Pease 2020; 
Fang 2022; 
Bekiari 2018 

RCT 
(crossover) 
 
UK and 
Austria  

N = 29 
 
INCLUSION CRITERIA: >18 years old; t1D; C-peptide <100pmol/L; HbA1c <7.5%; 
insulin pump use for ≥6 months; knowledge of insulin self-adjustment; self-
monitoring blood glucose concentration ≥6 times/day; attending diabetes 
clinics at Addenbrooke’s Hospital (Cambridge, UK) and Medical University of 
Graz (Graz, Austria)  
 
EXCLUSION CRITERIA: established nephropathy; neuropathy; proliferative 
retinopathy; TDI dose ≥2U/kg/day; Gold score ≥4; severe visual or hearing 
impairment; pregnancy; breastfeeding 
 
Mean (SD) years of age: 41 (13) years; 
Mean (SD) duration of diabetes: 24 (12) years; 
Mean (SD) HbA1c: 6.9(0.5)%; 52 (5.5)mmol/mol. 

CLS 
 
Florence D2A 

CSII + 
CGM/FGM/S
MBG 
(blinded 
CGM) 

10-12 
weeks 

Benhamou et 
al. (2019) 

Jiao 2022 RCT 
(crossover) 
 
France 

N = 63 
 
INCLUSION CRITERIA: Age ≥18; T1DM duration ≥2 years; HbA1c ≤10% 
(86mmol/mol); Gold score ≤4; TDI ≤50U/day; treated with external insulin 
pump therapy ≥6 months.  
 
EXCLUSION CRITERIA: long-term treatment with paracetamol; Gold score ≥4; 
impaired renal function (creatinine clearance <30mil/min); pancreas or 
pancreatic islet transplant; serious hearing/visual impairment; pregnant, 
breastfeeding or ‘lack of effective contraception’; sever hypoglycaemia 
resulting in seizure or loss of consciousness in prior 12 months. 
 
Mean (SD) years of age:48.2 (13.4) years; 
Mean (SD) duration of diabetes: 28 (13.6) years; 
Mean (SD) HbA1c: 7.6(0.9)%, 59.4 (9.8)mmol/mol. 

CLS 
 
Diabeloop  

Described 
as ‘sensor 
assisted 
pump 
therapy’  

12 weeks 

Biester et al. 
(2016) 

Bekiari 2018 RCT  
 
Location 
Unclear 

N = 10 
 
INCLUSION CRITERIA: NR 
 

CLS SAP 2 days  
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Reported 
as abstract 
only 

EXCLUSION CRITERIA: NR 
 
Median age 16.8 years; 
Median duration of diabetes: 10.66 years; 
Mean (SD) HbA1c: 7.6%.  

Blauw et al. 
(2016) 

Bekiari 2018 RCT 
 
Netherland
s 

N = 10 
 
INCLUSION CRITERIA: 18-75 years; T1D; insulin pump use for ≥3 months 
 
EXCLUSION CRITERIA: impaired hypoglycaemia awareness, BMI >35kg/m2; 
HbA1c >11%; pregnancy or breastfeeding; use of heparin; coumarin derivatives; 
oral corticosteroids 
 
Median age: 41.0 years; 
Median duration of diabetes: 18.0 years; 
Median HbA1c: 7.7%. 

CLS Insulin 
pump 

4 days  

Breton et al. 
(2012) 

Karageorgiou 
2018 

RCT 
(crossover) 
 
USA, 
France, 
Italy 

N = 11 
 
INCLUSION CRITERIA: NR 
 
EXCLUSION CRITERIA: After enrolment and study completion, exclusion of 
datasets due to software malfunction, sensor failure, disturbed insulin 
sensitivity of a subject 
 
Mean (SD) years of age: 14.5 (1.5); 
Mean (SD) duration of diabetes: 6.2 (3.8) years; 
Mean (SD) HbA1c: 8.6 (0.8)%.  

CLS SAP 22 hours 

Breton et al. 
(2017) 

Karageorgiou 
2018; Bekiari 
2018 

RCT 
 
USA 

N = 32 
 
INCLUSION CRITERIA: T1D (minimum 1 year duration); insulin pump user 
(minimum 3 month duration) 
 
EXCLUSION CRITERIA: Age <10 years old, T1D duration <1 year, insulin pump use 
<3 months, DKA within last 6 months, pregnancy, unfit for winter sports 
 
Mean (SD) age: 13.2 (1.7) years; 
Mean (SD) duration of diabetes: 6.9 (3.4) years; 
Mean (SD) HbA1c: 8.5 (1.5)%. 

CLS (DiAs 
system) 

Described 
as 
“Remotely 
monitored 
sensor 
augmented 
pump” 

5 days 
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Breton et al. 
(2020) 

Jiao 2022 RCT 
 
USA 

N = CLS: 78, Control: 23 
 
INCLUSION CRITERIA: 6-13 years old; T1D diagnosis >1 year before enrolment; 
insulin treatment lasting ≥6 months; body weight 25-140kg; TDI ‘at least’ 
10U/day; female participants using contraception; negative pregnancy test at 
screening; living with one guardian knowledgeable about emergency 
procedures for severe hypoglycaemia 
 
EXCLUSION CRITERIA: concurrent use of any non-insulin glucose-lowering agent 
other than metformin; haemophilia or other bleeding disorder; any condition 
which places the participant or study ‘at risk’  
 
Mean (SD) years of age: CLS: 11.3 (2.0), Control: 10.8 (2.4) years; 
Mean (SD) duration of diabetes: CLS: 5.0 (2.8) years, Control: 6.0 (2.8) years; 
Mean (SD) HbA1c: CLS: 7.6% (1.0), Control: 7.9% (0.9). 

CLS SAP 16 Weeks 

Brown et al. 
(2015) 

Bekiari 2018; 
Fang 2022 

RCT  
 
USA & Italy  

N = 10 
 
INCLUSION CRITERIA: 21-65 years old, T1D ≥1 year, HbA1c <9%, insulin pump users 
for ≥1 year 
 
EXCLUSION CRITERIA: episodes of DKA or severe hypoglycaemic episode in past 
year, pregnant or breast-feeding, uncontrolled thyroid disease, uncontrolled 
microvascular disease, uncontrolled hypertension, significant cardiovascular 
disease or seizure disorders, medication 
 
Mean (SD) years of age: 46.4; 
Mean (SD) duration of diabetes: 20.9 (11.4) years; 
Mean (SD) HbA1c: 7.03% (1.05). 

CLS, 
nocturnal  

SAP 5 days 

Brown et al. 
(2017) 

Bekiari 2018; 
Fang 2022 

RCT  
 
USA & Italy  

N = 40 
 
INCLUSION CRITERIA: 21-65 years; T1d ≥1 year; insulin pump ≥1 year, HbA1c <10% 
 
EXCLUSION CRITERIA: DKA or a severe hypoglycaemic event in the previous year, 
adrenal disorder, active gastroparesis, uncontrolled hypertension, oral steroids, 
uncontrolled active proliferative retinopathy, unstable coronary artery disease, 
acetaminophen use, the use of any other medications for glucose control other 
than insulin, and the use of β-blockers 
 
Mean (SD) years of age: 45.5 (9.5); 

CLS, 
nocturnal  

SAP 5 days 
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Mean (SD) duration of diabetes: 28.7 (9.6) years;  
Mean (SD) HbA1c: 7.4% (0.8). 

Brown et al. 
(2019) 

Jiao 2022 RCT  
 
USA 

N = CLS: 112, Control: 56 
 
INCLUSION CRITERIA: ≥14 years old; diagnosis of T1D for ≥1 year; receiving insulin 
treatment via pump or injections for ≥1 year; contraception for female 
participants; TDD ≥10/U/day 
 
EXCLUSION CRITERIA: concurrent use of any non-insulin glucose-lowering agent 
other than metformin; haemophilia or bleeding disorder; any condition that 
may place patient or study at risk 
 
Mean (SD) years of age: CLS: 33 (16) years, Control: 33 (17) years; 
Mean (SD) duration of diabetes: CLS: 17 (8-28) years, Control: 15 (7-23) years; 
Mean (SD) HbA1c: CLS: 7.6% (1.1), Control:7.6%(1.0). 

CLS  Described 
as ‘sensor-
augmented 
pump’  

26 weeks 

Brown et al. 
(2020) 

Jiao 2022 RCT  
 
USA 

N = CLS: 54, Control: 55 
 
INCLUSION CRITERIA: ≥14 years old; diagnosis of T1D for ≥1 year; receiving insulin 
treatment via pump or injections for ≥1 year; contraception for female 
participants; TDD ≥10/U/day 
 
EXCLUSION CRITERIA: concurrent use of any non-insulin glucose-lowering agent 
other than metformin; haemophilia or bleeding disorder; any condition that 
may place patient or study at risk 
 
Mean (SD) years of age: CLS: 32 (14), Control: 34 (17); 
Mean (SD) duration of diabetes: CLS: 18, Control: 16; 
Mean (SD) HbA1c: CLS: 7.0 (0.8), Control: 7.1 (0.8). 

CLS PLGS 13 weeks 

Buckingham 
et al. (2018) 

Karageorgiou 
2018 

RCT  
 
Crossover 
 
USA 

N = Adults*: 24; Adults: 10; Adolescents: 12; Paediatrics: 12. 
 
INCLUSION CRITERIA: 6-65 years old, T1D ≥1 year; HbA1c >6% and <10% in last 6 
months, use of insulin pump for ≥6 months, TDI >0.4/U/kg/day 
 
EXCLUSION CRITERIA: ≥1 episode of severe hypoglycaemia or DKA in last 6 
months, ‘hypoglycaemic unawareness’ as scored by the Clarke Questionnaire 
 
Mean (SD) years of age:  
Adults*: 37.1 (14.7) years 

CLS 
 
Omnipod 

SAP 1 week 
SAP, 36 
hours CLS 
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Adults: 41.7 (18.1) years 
Adolescents: 14.6 (1.5) years 
Paediatrics: 9.5 (1.7) years 
 
Mean (SD) duration of diabetes:  
Adults*: 23.0 (14.3) years 
Adults: 23.7 (15.3) years 
Adolescents: 4.6 (3.3) years 
Paediatrics: 4.6 (2.2) years 
 
Mean (SD) HbA1c: 
Adults*: 7.7% (0.9) 
Adults: 7.4% (0.8) 
Adolescents: 8.2% (0.9) 
Paediatrics: 7.8% (0.8) 
 
*Initial 24 adult subjects received 80% meal bolus, all others received 100% 

Cherñavvsky 
et al. (2016) 

Karageorgiou 
2018; Bekiari 
2018 

RCT  
 
Crossover 
 
USA 

N = 16 
 
INCLUSION CRITERIA: age 13-18 years; T1d ≥2 years; use of insulin pump  ≥6 
months; HbA1c <10.5%; self-reported history of missing insulin for snacks or 
under bolusing for meals; ‘attainment of at least Tanner 2 puberty by exam’  
 
EXCLUSION CRITERIA: DKA in last 6 months; pregnancy; anaemia; uncontrolled 
hypertension; cardiovascular disease; any medication other than insulin for 
treating diabetes 
 
Mean (SD) years of age: 15.2 (2) years; 
Mean (SD) duration of diabetes:  7 years; 
Mean (SD) HbA1c: 8.2 (6.9-9.8) years. 

CLS 
 
DexCom Gen 
4 Platinum 

‘usual care’  
Possibly 
home 
insulin 
pump 

8 hours 

Dauber et al. 
(2013) 

Karageorgiou 
2018 

RCT  
 
Crossover 
 
USA 

N = 10 
 
INCLUSION CRITERIA:  
 
EXCLUSION CRITERIA: Not T1D or not diagnosed by a paediatric endocrinologist, 
age ≥7 years old, T1D duration <6 months, insulin pump use < 6 weeks, any 
significant comorbidities (except coeliac disease) 
 
Mean (SD) years of age: 5.1 (1.4) years; 

CLS ‘standard 
open-loop 
insulin 
pump 
therapy’ 

14 Hours 
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Mean (SD) duration of diabetes: 2.1 (1.1) years;  
Mean (SD) HbA1c: 8.1% (0.7). 

De Bock et al. 
(2015) 

Karageorgiou 
2018; Bekiari 
2018 

RCT  
 
Crossover 
 
Australia  

N = 8 
 
INCLUSION CRITERIA: NR 
 
EXCLUSION CRITERIA: NR 
 
Mean (SD) years of age: NR; 
Mean (SD) duration of diabetes: NR; 
Mean (SD) HbA1c: NR. 

Hybrid CLS  
 
Medtronic 
HCL 

SAP + PLGS 5 days  

DeBoer et al. 
(2017) 

Karageorgiou 
2018; Bekiari 
2018 

RCT  
 
Crossover  
 
USA 

N = 12 
 
INCLUSION CRITERIA: age 5-8 years old; T1D with use of daily insulin 
for ‡1 year; use of insulin pump ‡6 months; and HbA1c 5.0%–10.5%. 
 
EXCLUSION CRITERIA: Age <5 or >8 years old, insulin use < 1 year, use of insulin 
pump < 6 months, HbA1c <5% or >10.5%, severe hypoglycaemia (loss of 
consciousness or seizures) within last 3 months, DKA within last 6 months, 
conditions that may increase risk of hypoglycaemia, medication that lowers 
heart rate 
 
Mean (SD) years of age: 7 (6.75-7.25) years; 
Mean (SD) duration of diabetes: 3.7 (2.9, 5.7) years; 
Mean (SD) HbA1c: 7.7% (7.1-7.8). 

CLS 
 
UVa AP using 
DiAs software 

CGM 2x 68 
hour 
study 
periods 

Del Favero et 
al. (2016) 

Karageorgiou 
2018; Bekiari 
2018 

RCT  
 
Crossover 
 
Italy 

N = 30 
 
INCLUSION CRITERIA: Aged 5-9 years, T1D ≥1 year; use of insulin pump and 
sensor for ≥3 months, HbA1c <10%; attendance by one parent/guardian 
 
EXCLUSION CRITERIA: Age <5 or >9 years old, T1D < 1 year, use of insulin pump 
and sensor for <3 months, HbA1c>10%, not attended by at least one relative/ 
caretaker, DKA or severe hypoglycaemia within last month, concomitant 
disease, medication 
 
Mean (SD) years of age: 7.6 (1.2) years; 
Mean (SD) duration of diabetes: 4.7 (1.6) years; 
Mean (SD) HbA1c: 7.3% (0.9). 

CLS, 
nocturnal  
 
Dexcom G4 
Platinum 
Share CGM  
Accu-Chek 
Spirit Combo 
pump  

SAP 6 days  
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Ekhlaspour 
et al. (2016) 

Bekiari 2018 RCT 
 
Crossover 
 
USA 

N = 39  
 
INCLUSION CRITERIA: ≥18 years old; T1D ≥1 year; insulin pump treatment ≥6 
months 
 
EXCLUSION CRITERIA: hepatic dialysis; renal failure; known coronary disease or 
abnormal electrocardiogram; congestive heart failure; cerebrovascular disease; 
hypoglycaemic seizure in last year; participation in another trial; pregnancy; 
alcohol or recreational drug misuse; cystic fibrosis; pancreatitis; seizure; non-
hypoglycaemic seizure in last 2 years; use of anticonvulsants; 
pheochromocytoma; adrenal disease and tumour; hypertension; ‘untreated or 
inadequately treated mental illness’; adverse reaction to glucagon; allergy to 
adhesive or tape; history of eating disorder in prior 2 years; use of medication 
that assists with glycaemic control  
 
Mean (SD) years of age: 33.3 years (11.1); 
Mean (SD) duration of diabetes: 16.9 (9.6); 
Mean (SD) HbA1c: 7.7% (1.2); 9.7 (1.8) mmol/L. 

CLS Insulin 
pump 

22 days 
(2x 11 day 
interventi
on 
periods) 

El-Khatib et 
al. (2017) 

Bekiari 2018; 
Fang 2022 

RCT  
 
USA 

N = 39 
 
INCLUSION CRITERIA: >18 years older, T1D ≥1 year, insulin pump treatment for ≥ 6 
months 
 
EXCLUSION CRITERIA: NR 
 
Mean (SD) years of age: 33.3; 
Mean (SD) duration of diabetes: 16.9; 
Mean (SD) HbA1c: NR. 

CLS SAP 11 days 

Elleri et al. 
(2013) 

Karageorgiou 
2018 

RCT  
 
Crossover 
 
UK 

N = 12 
 
INCLUSION CRITERIA: T1D ≥1 year; insulin pump therapy for ≥3 months 
 
EXCLUSION CRITERIA: T1D < 1 year, insulin pump use <3 months, HbA1c>12%, 
TDI>2 U/kg, significant nephropathy, retinopathy, hypoglycaemia unawareness 
 
Mean (SD) years of age: 15 (1.4) years; 
Mean (SD) duration of diabetes: 5.7 (3.4, 9.4) years; 
Mean (SD) HbA1c: 7.9% (0.7). 

CLS 
 
Animas 
 
Novo Nordisk 

CGM  
 
Dexcom 
SEVEN PLUS 

36 Hours 
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Forlenza et 
al. (2017) 

Pease 2020; 
Bekiari 2018 

RCT 
(crossover)  
 
USA 

N = 19 
 
INCLUSION CRITERIA: T1D; required daily insulin therapy for ≥12 months; TDI 
dose >0.3U/kg/day for >3 months; ‘adequate pregnancy protection’; lived with 
another adult who was willing to assist 
 
EXCLUSION CRITERIA: DKA within 6 months; severe hypoglycaemia within 6 
months; use of long-acting insulin or other antidiabetic medication in last 8 
weeks; oral or inhaled glucocorticoid; skin or ‘other’ condition that interfered 
with safe study participation; pregnancy 
 
Mean (SD) years of age: 23 (10.0) years; 
Mean (SD) duration of diabetes: 11 (11.8) years; 
Mean (SD) HbA1c: 8.0(1.7%); 63.8(18.4)mmol/mol. 

CLS 
 
‘with fault 
detection 
algorithms’  

CSII+CGM 6 weeks 

Guilhem et 
al. (2017) 

Fang 2022 RCT  
 
France  

N = 10 
 
INCLUSION CRITERIA: T1D ≥3 years; insulin pump therapy ≥3 months; 
experienced in use of CGM 
 
EXCLUSION CRITERIA: concurrent illness, lab abnormalities, medication, 
pregnancy, renal impairence, HbA1c >10% 
 
Mean (SD) years of age: 48 (14.4); 
Mean (SD) duration of diabetes: 27.5 (10.6); 
Mean (SD) HbA1c: 7.35% (1.04). 

CLS, 
nocturnal 

SAP 1 day 

Haidar et al. 
(2015) 

Karageorgiou 
2018; Bekiari 
2018 

RCT  
 
Crossover 
 
Canada 

N = 33 
 
INCLUSION CRITERIA: 8-17 years old; use of insulin pump for ≥3 months; T1D ≥1 
year 
 
EXCLUSION CRITERIA: Age <8 years old, T1D <1 year, insulin pump use for <3 
months, HbA1c>11% 
 
Mean (SD) years of age: 13.3 (3) years; 
Mean (SD) duration of diabetes: 7.5 (4) years; 
Mean (SD) HbA1c: 8.3% (0.8). 

CLS, 
nocturnal  
 
Dexcom G4 
Platinum 
 
Accu-Chek 
Combo  

SAP 9 days 

Haidar et al. 
(2016) 

Bekiari 2018 RCT 
 

N = 28 (21 adults >18; 7 adolescents 12-17)  
 

CLS 
 

Insulin 
pump 

6 nights 
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Crossover  
 
Canada  

INCLUSION CRITERIA: adults ≥18, adolescents 12-17; T1D ≥1 year; insulin pump 
therapy ≥4 months; BMI <35kg/m2; HbA1c <12%; at least two visits with an 
endocrinology team in past year 
 
EXCLUSION CRITERIA: clinically significant nephropathy, neuropathy or 
retinopathy; recent (<6 months) acute macrovascular event; recent injury to 
body or limb, muscular disorder, or use of medication that will affect the study; 
pregnancy; severe hypoglycaemic episode in prior 2 weeks; use of 
glucocorticoid medication; known or suspected allergy to any equipment used 
in study; anticipating a change in treatment regimen between admissions 
 
Mean (SD) years of age: 33 (17) years; 
Mean (SD) duration of diabetes: 18 (12) years; 
Mean (SD) HbA1c: 7.5% (10), 58 (11) mmol/mol. 

Nocturnal 

Haidar et al. 
(2017) 

Fang 2022; 
Bekiari 2018 

RCT  
 
Canada 

N = 23 
 
INCLUSION CRITERIA: ≥18 years, insulin pump use ≥3 months, HbA1c <12% 
 
EXCLUSION CRITERIA: NR 
 
Mean (SD) years of age: 41 (15) years; 
Mean (SD) duration of diabetes: 24 (15) years; 
Mean (SD) HbA1c: 7.5% (0.8) / 58.1 (9.1) mmol/mol. 

CLS SAP 60 hours 

Haidar et al. 
(2021) 

Fang 2022 RCT  
 
Canada  

N = 36 
 
INCLUSION CRITERIA: >18 years, T1D ≥1 year, insulin pump use ≥3 months 
 
EXCLUSION CRITERIA: clinically significant nephropathy, neuropathy or 
retinopathy; acute macrovascular even in prior 6 months, use of 
acetaminophen, pregnancy, severe hypoglycaemia within 2 weeks of screening, 
DKA within 3 months of screening 
 
Mean (SD) years of age: 39 (16); 
Mean (SD) duration of diabetes: 23 (13); 
Mean (SD) HbA1c: 7.5% (0.9), 58 (10) mmol/mol. 

CLS SAP 12 days 

Hovorka et 
al. (2010) 

Karageorgiou 
2018 

RCT  
 
Crossover  

N = 19 
 

CLS, 
nocturnal 

CSII 12 hours 
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UK  INCLUSION CRITERIA: T1D ≥6 months OR confirmed C-peptide negative; 
treatment by continuous subcutaneous insulin infusion for ≥3 months  
 
EXCLUSION CRITERIA: T1D < 6 months, insulin pump use < 3 months,  recurrent 
severe hypoglycaemic unawareness, clinically significant nephropathy, 
neuropathy, or proliferative retinopathy  
 
Mean (SD) years of age: 13.5 (3.6); 
Mean (SD) duration of diabetes: 6.4 (4) years; 
Mean (SD) HbA1c: 8.5% (1.8). 

Hovorka et 
al. (2014) 

Bekiari 2018 RCT 
 
Crossover 
 
UK 

N = 16 
 
INCLUSION CRITERIA: T1D, age 12–18 years, >1 year from diagnosis or confirmed 
C-peptide–negative, insulin pump therapy for at least 3 months, four or more 
fingerstick glucose measurements per day, and HbA1c ≤10% (86 mmol/mol). 
 
EXCLUSION CRITERIA: established nephropathy, neuropathy, or proliferative 
retinopathy, total daily insulin dose ≥2.0 U/kg, regular use of continuous 
glucose monitoring within 1 month prior to enrolment, severe visual or hearing 
impairment, pregnancy, or breastfeeding. 
 
Mean (SD) years of age: 15.6 (2.1) years; 
Mean (SD) duration of diabetes: 7.2 (4.3) years; 
Mean (SD) HbA1c: 8.0% (0.9), 63.9 (9.3) mmol/mol. 

CLS 
 
Nocturnal 

SAP 3 weeks 

Huyett et al. 
(2017) 

Karageorgiou 
2018 

RCT  
 
Crossover  
 
USA  

N = 10 
 
INCLUSION CRITERIA: T1D ; daily insulin therapy ≥ 12 months; aged 10-19 ys; 
insulin pump use for ≥ 3 months with current use of downloadable pump; TDI 
>0.4U/kg/day; appropriate contraception and negative pregnancy test 
 
EXCLUSION CRITERIA: Age<10 years old, insulin therapy for <12 months, insulin 
pump use for <3 months, TDI<0.4U/kg, DKA within 1 month, seizure or loss of 
consciousness within last 6 months, medical disorder ‘that would affect the 
completion of the protocol’, for female participants unacceptable 
contraception method, pregnancy 
 
Mean (SD) years of age: 15.3 (1.8) years; 
Mean (SD) duration of diabetes: 5.1 (2.3) years;  
Mean (SD) HbA1c: 8.1% (1.3). 

CLS  SAP 3 days  
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Kingman et 
al. (2017) 

Bekiari 2018 RCT 
 
USA 
 
Reported 
as abstract 
only 

N = 37 
 
INCLUSION CRITERIA: NR 
 
EXCLUSION CRITERIA: NR 
 
Mean (SD) years of age: 37.5 (15.8) years; 
Mean (SD) duration of diabetes: 20.5 (10.9) years; 
Mean (SD) HbA1c: 7.2%. 

CLS SAP 5 weeks 

Kovatchev et 
al. (2014) 

Bekiari 2018; 
Fang 2022 

RCT  
 
USA, 
France, 
Italy  

N = 20 
 
INCLUSION CRITERIA: age 21-65, T1D diagnosis, experienced insulin pump user, 
prestudy HbA1c 6-9% 
 
EXCLUSION CRITERIA: ‘recent history’ of DKA or severe hypoglycaemia, 
pregnancy, breast feeding, uncontrolled hypertension, conditions that may 
increase the risk of hypoglycaemia or infections.  
 
Mean (SD) years of age: 46; 
Mean (SD) duration of diabetes: NA; 
Mean (SD) HbA1c: NA. 

CLS  
  
DiAs SSM 

SAP 40 hours 

Kovatchev et 
al. (2020a) 

Jiao 2022 RCT  
 
USA 

N = CLS: 65, Control: 62 
 
INCLUSION CRITERIA: T1D diagnosis and insulin use for ≥1 year; use of an insulin 
pump for ≥6 months; age ≥14 years; HbA1c <10.5% at screening; not currently 
pregnant; female participants on contraception; using no insulins other than 
Humalog, Novolog or Apidra; if <18 years, living with one or more guardians 
committed to undertaking training in emergency procedures for sever 
hypoglycaemia 
 
EXCLUSION CRITERIA: medical need for chronic acetaminophen; use of any 
glucose-lowering agent (including metformin) in last 3 months; haemophilia 
or other bleeding disorder, a condition which puts the participant or study ‘at 
risk’; uncontrolled thyroid disease; renal failure; unstable cardiovascular 
disease 
 
Mean (SD) years of age: CLS: 33 (16), Control: 32 (14); 
 
Median (IQR) duration of diabetes: CLS: 18 (7, 27), Control: 16 (11, 27); 

CLS  SAP 13 Weeks 
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Mean (SD) HbA1c: CLS: 7.4%(0.9), Control: 7.4% (0.8). 

Kovatchev et 
al. (2020b) 

Jiao 2022; 
Fang 2022 

RCT 
(crossover) 
 
USA  

N = 80  
 
INCLUSION CRITERIA: T1D diagnosis and insulin use for ≥1 year; use of insulin 
pumps for ≥6 months; age ≥18 and <70; female participants on contraception; 
negative pregnancy test at screening; current use of insulin-to-carbohydrate 
ratio to calculate meal bolus sizes 
 
EXCLUSION CRITERIA: admission for DKA in prior 12 months; history of seizure 
disorder (except hypoglycaemic seizure) and not currently on seizure 
medication; cystic fibrosis; coronary artery disease or heart failure; pregnancy 
/ breast feeding; a known condition that may interfere with completion of the 
protocol; basal rates <0.1 u/hr or minimal total daily rates <2.4/u/day; use of 
acetaminophen; blood glucose inhibitors (including metformin); beta-blockers 
or nutraceuticals intended to lower blood glucose 
 
Mean (SD) years of age: 42.3 (11.9); 
Mean (SD) duration of diabetes: 21 (12); 
Mean (SD) HbA1c: 7.42 (1.03). 

CLS  
 
InControl  
 
Evening and 
overnights vs 
24/7 CLS 

SAP 8 Weeks 

Kropff et al. 
(2015) 

Pease 2020; 
Jiao 2022; 
Bekiari 2018 

RCT 
(crossover)  
 
France, 
Italy, the 
Netherland
s 

N = 32 
 
INCLUSION CRITERIA: age 18-69;T1D (minimum 6 month duration); BMI <35 
kg/m2 ; HbA1c between 7.5% and 10% 
 
EXCLUSION CRITERIA: pregnancy or breastfeeding; using medication other than 
insulin that alters glucose metabolism; uncontrolled hypertension (resting 
>140/90mmHg); change of antihypertensive medication in last month; worked 
nightshift or away for more than 25% of study duration; no family or friend 
assistance; malignant disease; acute cardiovascular event in last year; renal 
insufficiency; impaired liver function, cognitive or psychological abilities; 1< 
severe hypoglycaemic episodes in last 12 months; DKA in last 6 months.  
Mean (SD) age: 47 (11.2) years; 
Mean (SD) duration of diabetes: 28.6 (10.8) years; 
Mean (SD) HbA1c: 8.2(0.6)%; 66(6.6)mmol/mol. 

CLS, 
nocturnal 
 
Accu-check 
Spirit Combo 
insulin pump 
and Aviva 
Combo 
glucose-
meter 
 
Dexcom G4 
Platinum 
CGM  
 
DiAs system 

CSII + CGM 16 week 
interventi
on period 
(8 weeks 
per 
phase), 16 
weeks 
follow up  

Leelarathna 
et al. (2014) 

Fang 2022; 
Bekiari 2018  

RCT  
 

N = 17 
 

CLS  SAP 16 days  
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UK, 
Germany, 
Austria  

INCLUSION CRITERIA:  age ≥18 years, diagnosis of T1D, treatment with insulin 
pump therapy for at least 3 months, willingness to perform at least six 
fingerstick glucose measurements per day, and HbA1c ≤10% (86 mmol/mol). 
 
EXCLUSION CRITERIA: concurrent illness or medications likely to interfere with 
interpretation of study results; recurrent severe hypoglycaemia; significant 
hypoglycaemia unawareness; total daily insulin dose ≥2.0 units/kg; clinically 
significant nephropathy, neuropathy, or retinopathy; severe visual or hearing 
impairment; pregnancy; and breast-feeding 
 
Mean (SD) years of age: 34 (9) years;  
Mean (SD) duration of diabetes: 19 (9) years; 
Mean (SD) HbA1c: 7.6% (0.8). 

Ly et al. 
(2014) 

Karageorgiou 
2018 

RCT  
 
Crossover  
 
USA 

N = 20 
 
INCLUSION CRITERIA: 10-35 years, T1D ≥1 year, insulin pump use for ≥3 months, 
attending diabetes camp 
 
EXCLUSION CRITERIA: Age<10 years old, T1D for <1 year, insulin pump use for <3 
months, DKA within last 1 month, hypoglycaemic seizure or coma within last 3 
months, pregnancy, history of seizures or medical/ psychiatric condition that 
would interfere with completion of the protocol 
 
Mean (SD) years of age: 15.3 years;  
Mean (SD) duration of diabetes: 5.6 years; 
Mean (SD) HbA1c: 8.1%. 

CLS, 
nocturnal  

SAP  6 days 

Ly et al. 
(2015) 

Karageorgiou 
2018 

RCT  
 
USA 

N = 21  
 
INCLUSION CRITERIA: 14-40 years old, T1D ≥1 year, use of insulin pump for ≥3 
months 
 
EXCLUSION CRITERIA: Age<14 years old, T1D for <1 year, insulin pump use for <3 
months, DKA within last 1 month, hypoglycaemic seizure or coma within last 3 
months, pregnancy, medical condition that would interfere with protocol 
completion 
 
Mean (SD) years of age: 18.6; 
Mean (SD) duration of diabetes: 9.1 years; 
Mean (SD) HbA1c: 8.6%. 

CLS  
 
Medtronic 
MiniMed 

‘Medtronic 
Minimed 
530G with 
threshold 
suspend’  

6 days 
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Ly et al. 
(2016a) 

Bekiari 2018 RCT 
 
Location 
NR 

N = 21 
 
INCLUSION CRITERIA: 10-35 years of age, T1D ≥1 year, insulin pump use ≥3 
months, attending diabetes camp 
 
EXCLUSION CRITERIA: diabetes ketoacidosis in the preceding 30 days, 
hypoglycaemic seizure or loss of consciousness in the preceding 3 months, 
pregnancy, or medical or psychiatric conditions considered to interfere with 
completion of the protocol 
 
Mean (SD) years of age: 15.2 (2.5) years; 
Mean (SD) duration of diabetes: 7.7 (4.6) years; 
Mean (SD) HbA1c: 9.0% (1.0). 

CLS, 
nocturnal 

SAP 1 day 

Ly et al. 
(2016b) 

Bekiari 2018 RCT 
 
Location 
unclear  

N = 33 
 
INCLUSION CRITERIA: NR 
 
EXCLUSION CRITERIA: NR 
 
Mean (SD) years of age: 17.9 (5.5) years; 
Mean (SD) duration of diabetes: NR; 
Mean (SD) HbA1c: NR. 

CLS SAP 5 days 

Ly et al. 
(2017) 

Karageorgiou 
2018, Bekiari 
2018 

RCT  
 
USA, 
Australia  

N = 15 
 
INCLUSION CRITERIA: 14-40 years, T1D ≥1 year; TDI >0.4U/kg/day 
 
EXCLUSION CRITERIA: Age<14 years old, T1D for <1 year, insulin pump use for <3 
months, DKA within last 1 month, hypoglycaemic seizure or coma within last 3 
months, pregnancy, medical condition that would interfere with protocol 
completion 
 
Mean (SD) years of age: 16.6 (0.9) years; 
Mean (SD) duration of diabetes: 8.2 (3.9) years; 
Mean (SD) HbA1c: 9% (1.1). 

CLS 
 
Medtronic  

SAP 5 days  

McAuley et 
al. (2020) 

Jiao 2022 RCT  
 
Australia 

N = CLS: 61, Control: 59 
 
INCLUSION CRITERIA: aged 25-75; T1D diagnosis for ≥1 year; HbA1c ≤10.5% (≤91 
mmol/mol); MDI or insulin pump use 

CLS MDI or 
insulin 
pump 

26 weeks 
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EXCLUSION CRITERIA: current real time CGM use; any non-insulin glucose 
lowering agent within prior 3 months; chronic kidney disease; oral or injected 
steroid use in prior 3 months; pregnancy; uncontrolled coeliac disease or other 
untreated malabsorption; uncontrolled thyroid disease; clinically-significant 
gastroparesis; uncontrolled hypertension; history of myocardial infarction, 
severe uncontrolled heart failure, unstable angina, transient ischaemic attack, 
stroke or thromboembolic disease in prior 3 months 
 
Mean (SD) years of age: 44.2 (11.7); 
Mean (SD) duration of diabetes: CLS 24.0 (12.0) years, Control: 24.1 (12.5) years; 
Mean (SD) HbA1c: 7.4 (0.9)% (57 [10] mmol/mol). 

Nimri et al. 
(2013) 

Karageorgiou 
2018 

RCT  
 
Crossover  
 
Slovenia, 
Germany, 
Israel  

N = 8 
 
INCLUSION CRITERIA: ≥ 10 years; T1D ≥1 year, use of CSII therapy for ≥3 months, 
A1c at inclusion ≥7 and <10%, BMI below 97th percentile  
 
EXCLUSION CRITERIA: Age <10 years old, T1D for <1 year, insulin pump use for <3 
months, no previous experience with CGM, HbA1c <7 or ≥10, BMI above 97th 
percentile of age, concomitant disease that could affect glycaemic control, 
allergy to trial products 
 
Mean (SD) years of age: NR; 
Mean (SD) duration of diabetes: 13.5 (11.9) years; 
Mean (SD) HbA1c: 8.1% (0.8). 

CLS 
 
MD-Logic 

CSII 2 days 

(Nimri et al. 
2014a) 

Bekiari 2018 RCT  
 
Crossover  
 
Israel 

N = 24 
 
INCLUSION CRITERIA: 12-65 years; T1D ≥1 year; insulin pump use ≥3 months; 
previous experience with CGM; HbA1c of ≥6.5 and <10, BMI below 95th percentile 
 
EXCLUSION CRITERIA: Age <10 years old, T1D for <1 year, insulin pump use for <3 
months, no previous experience with CGM, HbA1c <6.5 or ≥10, BMI above 95th 
percentile of age, no adult able to operate a computer-based system, no 
internet connection, inability to comply, concomitant disease, participation in 
other study, pregnancy, DKA or severe hypoglycaemia within last 1 month, 
medication or condition that would interfere with outcome 
 
Mean (SD) years of age: 13.3 years; 
Mean (SD) duration of diabetes: 5.2 years; 

CLS 
 
Nocturnal 

SAP 12 weeks 
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Mean (SD) HbA1c: 7.6. 

Nimri et al. 
(2014b) 

Karageorgiou 
2018 

RCT  N = 15 
 
INCLUSION CRITERIA: 10-65 years; T1D ≥1 year; insulin pump use ≥3 months; 
previous experience with CGM; HbA1c of ≥7 and <10, BMI below 95th percentile 
 
EXCLUSION CRITERIA: Age <10 years old, T1D for <1 year, insulin pump use for <3 
months, no previous experience with CGM, HbA1c <6.5 or ≥10, BMI above 95th 
percentile of age, no adult able to operate a computer-based system, no 
internet connection, inability to comply, concomitant disease, participation in 
other study, pregnancy, DKA or severe hypoglycaemia within last 1 month, 
medication or condition that would interfere with outcome 
 
Mean (SD) years of age: 19.0 (10.4) years; 
Mean (SD) duration of diabetes: 9.9 (8.2) years; 
Mean (SD) HbA1c: 7.5% (0.5). 

CLS 
 
Nocturnal 

SAP 4 nights 

Phillip et al. 
(2013) 

Karageorgiou 
2018, Bekiari 
2018 

RCT  
 
Crossover  
 
Israel, 
Slovenia, 
Germany  

N = 54 
 
INCLUSION CRITERIA: 10-18 years old, T1D ≥1 year, insulin pump use for ≥3 
months, BMI below 97th percentile  
 
EXCLUSION CRITERIA: Comorbidities, participation in another study, 
pregnancy, DKA or severe hypoglycaemia within 1 month,  medications or other 
conditions that could influence glycaemic control, compromise safety or 
completion of the study 
 
Mean (SD) years of age: 13.8 years; 
Mean (SD) duration of diabetes: 7 (3.5) years; 
Mean (SD) HbA1c: 8% (0.7). 

CLS SAP 3 days 

Renard et al. 
(2017) 

Bekiari 2018 RCT 
 
France 
 
Reported 
as abstract 
only 

N = 24 
 
INCLUSION CRITERIA: NR 
 
EXCLUSION CRITERIA: NR 
 
Mean (SD) years of age: 9.4 years; 
Mean (SD) duration of diabetes: NR; 
Mean (SD) HbA1c: 7.5% (0.5). 

CLS SAP + LGS 2 days 
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Russell et al. 
(2014) 

Karageorgiou 
2018, Bekiari 
2018 

RCT  
 
Crossover  
 
USA  

N = 32 
 
INCLUSION CRITERIA: >12 years old, T1D ≥1 year; receiving insulin-pump therapy 
 
EXCLUSION CRITERIA: Age <12 years old, T1D for <1 year, no insulin pump use 
 
Mean (SD) years of age: 16 years; 
Mean (SD) duration of diabetes: 9 years ; 
Mean (SD) HbA1c: 8.2%. 

CLS 
 
DexCom G4 
Platinum  

SAP 48 hours 

Russell et al. 
(2016) 

Karageorgiou 
2018, Bekiari 
2018 

RCT  
 
Crossover  
 
USA 

N = 19 
 
INCLUSION CRITERIA: age 6-11 years; T1D ≥1 year, insulin pump therapy 
 
EXCLUSION CRITERIA: Age <6 or >11 years old, T1D for <1 year, no insulin pump 
use, cystic fibrosis, seizure disorder, eating disorder, omission of insulin, 
history of intentionally inappropriate insulin administration, heart disease, 
end-stage renal or liver failure 
 
Mean (SD) years of age: 15.2 (1.6); 
Mean (SD) duration of diabetes: 5 (2.2) years; 
Mean (SD) HbA1c: 7.8% (0.8). 

CLS  SAP 13 days  
(2x 5 day 
periods, 3 
day 
washout 
in 
between) 

Schierloh et 
al. (2015) 

Bekiari 2018 RCT 
 
Location 
NR 
 
Reported 
as abstract 
only 

N = 15 
 
INCLUSION CRITERIA: NR 
 
EXCLUSION CRITERIA: NR 
 
Mean (SD) years of age: NR; 
Mean (SD) duration of diabetes: NR; 
Mean (SD) HbA1c: NR. 

CLS, 
nocturnal  

SAP 4 days 

Sharifi et al. 
(2016) 

Karageorgiou 
2018, Bekiari 
2018; Fang 
2022 

RCT  
 
Crossover 
 
Australia  

N = Adults: 16; Adolescents: 12 
 
INCLUSION CRITERIA: ‡24 years (adults) or 12–18 years (adolescents); T1D ≥1 year; 
fasting C-peptide level <0.15 ng/mL; using insulin pump therapy for >3 months 
with appropriate use of a bolus calculator; HbA1c level <8.5% (<69 mmol/mol); 
and willing and able to undertake the study protocol. 
 

CLS  SAP + LGS  



 

 
 

Page 96 of 98 
 

EAR045 November 2022 

EXCLUSION CRITERIA: Age <12 years old, T1D <1 year, fasting C-peptide 
>0.15ng/mL, insulin pump use <3 months, HbA1c ≥8.5%, TDI>150U, DKA within 1 
last month, >2 severe hypoglycaemic episodes within last 1 year, 
eGFR<60mL/min/1.73m2, pregnancy, breastfeeding, planned pregnancy within 
study time frame 
 
Mean (SD) years of age: Adults: 42.1 (9.6) years; Adolescents: 15.2 (1.6) years; 
Mean (SD) duration of diabetes: Adolescents: 6.6 (4) years; 
Mean (SD) HbA1c: Adolescents: 7.8% (0.5). 

Spaic et al. 
(2017) 

Bekiari 2018 RCT 
 
Location 
NR 

N = 30 
 
INCLUSION CRITERIA: 15–45 years, diagnosis of T1D with use of daily insulin 
therapy for ≥12 months; use of insulin pump ≥6 months; HbA1c ≤10.0%  
 
EXCLUSION CRITERIA: history of DKA or severe hypoglycaemia within the 6 
months preceding study enrolment, were pregnant, or had a medical and/or 
psychiatric condition considered to interfere with the ability to complete the 
protocol. 
 
Mean (SD) years of age: NR; 
Mean (SD) duration of diabetes: NR; 
Mean (SD) HbA1c: MEDIAN 7.5% (58mmol/mol). 

CLS 
 
Nocturnal 

SAP + LGS 21 nights 

Tauschmann 
et al. (2016a) 

Karageorgiou 
2018; Bekiari 
2018 

RCT  
 
Crossover 
 
UK 

N = 12 
 
INCLUSION CRITERIA: 10-18 years old, T1D, insulin pump therapy for ≥3 months, 
HbA1c <11% (≤97mmol/mol) 
 
EXCLUSION CRITERIA: Age <10 years old, insulin pump use <3 months, HbA1c>11%, 
established nephropathy,  neuropathy, proliferative retinopathy, TDI>2U/kg or 
<10U/d, condition or medications that could affect glycaemic control, 
hypoglycaemia unawareness within 6 months, DKA within 1 year, pregnancy, 
breast feeding 
 
Mean (SD) years of age: 15.4 (2.6); 
Mean (SD) duration of diabetes: 8.2 (3.4) years; 
Mean (SD) HbA1c: 8.3% (0.9). 

CLS 
 
DANA 
Diabecare  
 
FreeStyle 
Navigator II  
 
Novo Nordisk 

SAP 2x 3 week 
interventi
on period, 
1-4 week 
washout 
in 
between  
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Tauschmann 
et al. (2016b) 

Karageorgiou 
2018; Bekiari 
2018 

RCT  
 
Crossover 
 
UK 

N = 12 
 
INCLUSION CRITERIA: NR 
 
EXCLUSION CRITERIA: Age<10 years old, insulin pump use for <3 months, 
HbA1c>11%, unwilling to perform at least 4 fingerstick measurements, 
established nephropathy, neuropathy, proliferative retinopathy, TDI ≥2U/kg or 
<10 units/day, significant hypoglycaemia awareness, ≥1 severe hypoglycaemic 
incident within last 6 months, >=1 DKA within last 12 months, pregnancy, 
breastfeeding 
 
Mean (SD) years of age: 14.6; 
Mean (SD) duration of diabetes: 7.8 years; 
Mean (SD) HbA1c: 8.5%. 

CLS SAP 42 days 
(2x 21 day 
periods)  

Tauschmann 
et al. (2018) 

Jiao 2022 RCT 
 
UK and 
USA  

N = CLS: 46, Control: 40 
 
INCLUSION CRITERIA: T1D for ≥1 year, insulin therapy for ≥3 months, HbA1c 
between 7.5-10%; aged ≥6 years; willing to wear device at home; female 
participants on effective contraception and negative pregnancy test at 
screening; alcohol limited to ≤2U/day 
 
EXCLUSION CRITERIA: regular use of real-time CGM in last 3 months, one or 
more episodes of severe hypoglycaemia in last 6 months; Gold score ≥5; 
current treatment with drugs that interfere with glucose metabolism; allergy 
(known or suspected) to insulin; clinically significant nephropathy or on 
dialysis, neuropathy, or active retinopathy; random C-peptide >100pmol/l with 
concomitant plasma glucose >4mmol/1 (72 mg/dl); TDI ≥2U/kg/day or 
≤15u/day; pregnancy; severe visual/hearing impairment; drug and alcohol 
misuse; eating disorder; skin condition or medical adhesive allergy; blood cell 
transfusion or erythropoietin in last 3 months or during study course.  
 
Mean (SD) years of age: CLS: 22 (13-36) years Control: 21 (11-36) years; 
Mean (SD) duration of diabetes: CLS: 13 (7-20) years, Control: 10 (7-19) years; 
Mean (SD) HbA1c: CLS: 8.3% (0.6), Control: 66%:(6). 

CLS SAP  12 weeks 

Thabit et al. 
(2014) 

Pease 2020; 
Jiao 2022; 
Karageorgiou 
2018; Bekiari 

RCT 
(crossover) 
 
UK 

N = 25 
 
INCLUSION CRITERIA: Adults (>18 years old) with T1D per WHO criteria, C-peptide 
negative, >3 months of insulin pump therapy, “knowledge of insulin self-
adjustment”, >4 capillary glucose tests per day, and HbA1c <10% (86mmol/mol). 

CLS, 
nocturnal 
(Florence 
automated 

CSII + CGM 8 week 
interventi
on period, 
11-12 
weeks 
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2018; Fang 
2022 

During the run in phase, participants had to use the study pump and sensors 
for more than 2 weeks. 
 
EXCLUSION CRITERIA: Nephropathy, neuropathy, proliferative retinopathy, >2.0 
units/kg of insulin per day, continuous glucose monitoring within 1 month of 
enrolment, severe visual impairment, severe hearing impairment, pregnancy, 
or breastfeeding. 
 
Mean (SD) age: 43 (12) years; 
Mean (SD) duration of diabetes: 29 (11) years;  
Mean (SD) HbA1c: 8.1 (0.8)% ; 65 (8.7)mmol/mol. 

closed loop 
system). 

total 
follow up 

Thabit et al. 
(2015) 

Pease 2020; 
Jiao 2022; 
Fang 2022; 
Karageorgiou 
2018; Bekiari 
2018 

RCT 
(crossover)  
 
UK, 
Germany, 
Austria 
 

N = 32 
 
INCLUSION CRITERIA: T1D; >18 years of age; utilising CSII >6 months; HbA1c 7.5-
10%; ‘good knowledge’ of insulin self-adjustment and carbohydrate counting; 
willing to wear system at home and workplace; female participants provide 
negative pregnancy test at screening and on contraception for the study period  
 
EXCLUSION CRITERIA: living alone; without reliable telephone for contact; 
random c-peptide >11pmol/1 with concomitant plasma glucose >72mg/d1; TDI 
dose >2U/kg/day; Gold score ≥ 4; >1 episode of severe hypoglycaemia in last 12 
months; history of nephropathy (eGFR <45ml/min) neuropathy, or active 
retinopathy; on medication that alters glucose metabolism.  
 
GERMANY/AUSTRIA SPECIFIC EXCLUSIONS: positive results on drug screen; 
positive alcohol breath test; positive hepatitis B surface antigen, anti-hepatitis 
C antibodies; anti-HIV 1 and 2 antibodies; significant skin conditions; allergy to 
medical adhesives; eating disorders. 
 
Mean (SD) years of age: 40.0 (9.4) years. 
Mean (SD) duration of diabetes: 20.9 (9.3) years; 
Mean (SD) HbA1c: 8.5(0.7)%;67(7.7)mmol/mol. 

CLS 
 
FlorenceD2A 
closed-loop 
system 

CSII+CGM 24 week 
interventi
on period 
(12 weeks 
per 
phase), 24 
week 
follow up  

Abbreviations: BMI: body mass index; CGM: continuous glucose monitoring; CLS: closed loop system; CSII: continuous subcutaneous insulin infusion; DiAs: diabetes assistant; DKA: 
diabetic ketoacidosis; eGFR: estimated glomerular filtration rate; FGM: flash glucose monitoring; HbA1c: glycated haemoglobin; LGS: low-glucose suspend; MDI: multiple daily 
injections; NR: not reported; PLGS: predictive low- glucose suspend system; RCT: randomised controlled trial; SAP: sensor-augmented pump; SD: standard deviation; SMBG: self-
monitoring blood glucose; T1D: type 1 diabetes; TDD: total daily dose; TDI: total daily insulin. 
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