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Results

Effect of 48 months of closed-loop insulin delivery on residual C-pep�de secre�on
and cglycemic ontrol in newly diagnosed youth with type 1 diabetes 

● Age 10 to 16.9 years
●
●

Studyy designn && par cipants Longitudinal C-peptide and HbA1c

Hybrid closed-loop (CL) compared to standard insulin 
therapy (Control) until 48 months post-diagnosis

Conclusion:
Improved glycemic control was 
sustained over 48 months after 
diagnosis with closed‑loop insulin 
delivery compared to standard 
therapy in youth with type 1 
diabetes. This did not appear to 
confer a protective effect on 
residual C-peptide secretion. Panel A: Longitudinal fasting C-peptide adjusted for 

fasting plasma glucose. Panel B: Longitudinal glycated 
hemoglobin (HbA1c). The I bars represent interquartile 
ranges.

n=81

Interven on

Glycemic outcomes favor CL :
● Time in target glucose range* 

        12 percentage points
        
● HbA1c

        10mmol/mol (0.9%)
        
● Time below range*

        0.5 percentage points

Extension 
phase

n=97

CL
n=51

Control
n=46

n=81

CL
n=47

Control
n=34

48 
months 

post-
diagnosis

Primary study 
phase

24 
months 

post-
diagnosis

Aim: evaluate effect of long-term intensive metabolic control with 
hybrid closed‑loop on residual C-peptide secretion and glucose control 
in newly diagnosed children & young people with type 1 diabetes

Fasting C-peptide & glucose, 
HbA1c 14-day masked

CGM* at 36 months + 48 months
CGM, continuous glucose monitoring.

No difference in fasting C-peptide
corrected for fasting glucose at 
48 months between groups. 

*Sensor-based glucose metrics were  calculated from 14 
days of masked data from Abbott FreeStyle LibrePro 
Flash Glucose Monitoring System.
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ARTICLE HIGHLIGHTS

� Why did we undertake this study?
The long-term (>24 months) effect of intensive glucose control on residual C-peptide secretion is unknown.

� What is the specific question(s) we wanted to answer?
We evaluated the long-term effects of intensive metabolic control using hybrid closed-loop on residual C-peptide secretion and glycemic control
compared with standard therapy over 48 months from diagnosis of type 1 diabetes.

� What did we find?
Significant improvements in glycemic control were sustained for 48 months from diagnosis using hybrid closed-loop compared with standard
therapy, but this did not prevent b-cell decline.

� What are the implications of our findings?
Hybrid closed-loop insulin delivery should be used from diagnosis of type 1 diabetes in children and young people. Other approaches are needed
to slow b-cell decline.
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OBJECTIVE

We evaluated the effect of long-term intensive metabolic control with hybrid
closed-loop (CL) on residual C-peptide secretion and glucose control compared
with standard insulin therapy in youth with type 1 diabetes over 48 months.

RESEARCH DESIGN AND METHODS

Following the 24-month primary phase of a multicenter, randomized, parallel
trial of 96 newly diagnosed youth aged 10 to 16.9 years, participants were invited
to an extension phase using treatment allocated at randomization. They contin-
ued with hybrid CL using the Cambridge algorithm or standard insulin therapy
(control) until 48 months after diagnosis. Analysis was by intention-to-treat.

RESULTS

At 24 months after diagnosis, 81 participants (mean ± SD age 14 ± 2 years) contin-
ued in the extension phase (47 CL, 34 control). There was no difference in fasting
C-peptide corrected for fasting glucose at 48 months between groups (CL: 5 ± 9 vs.
control: 6 ± 14 pmol/L per mmol/L; mean adjusted difference 22 [95% CI 27, 4;
P = 0.54]). Central laboratory HbA1c remained lower in the CL group by 0.9%
(10 mmol/mol [95% CI 0.2, 1.5; 3, 17 mmol/mol); P = 0.009). Time in target range
of 3.9 to 10.0 mmol/L was 12 percentage points (95% CI 3, 20; P = 0.008) higher in
the CL group compared with control. There were 11 severe hypoglycemic events
(6 CL, 5 control) and 7 diabetic ketoacidosis events (3 CL, 4 control) during the
extension phase.

CONCLUSIONS

Improved glycemic control was sustained over 48 months after diagnosis with CL
insulin delivery compared with standard therapy in youth with type 1 diabetes.
This did not appear to confer a protective effect on residual C-peptide secretion.

Type 1 diabetes is a lifelong, incurable condition characterized by a deficiency of insulin
caused by gradual immune-mediated destruction of pancreatic b-cells in genetically
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predisposed individuals (1). More than
1 million children and young people un-
der the age of 20 years are living with the
condition worldwide (2), with incidence
projected to rise from the current 13.7
per 100,000 to 17.6 per 100,000 in 2050
(3). Target glycemic control is challenging
to achieve, and most children and young
people with type 1 diabetes do not meet
treatment guidelines for target glycated
hemoglobin (HbA1c) (4–6). Suboptimal
glycemic control puts this population at
risk for developing long-term micro- and
macrovascular complications as well as
premature death (7,8). Residual b-cell
function is associated with improved met-
abolic control and a reduction in long-term
microvascular complication risk (9,10). In-
tensive glycemic control, where hypergly-
cemia is minimized immediately following
diagnosis of type 1 diabetes, may help to
preserve residual b-cell function (11). An
early exploratory study showed improved
C-peptide secretion at 12 months follow-
ing intensive in-hospital treatment using a
treat-to-target-range algorithm with a tar-
get of 3.3 to 4.4 mmol/L for 2 weeks after
diagnosis (11), but this observation has
not yet been replicated (12).

Hybrid closed-loop (CL) insulin deliv-
ery is increasingly adopted clinically and
has been shown to improve glycemic
control in children and young people in
the medium-term (13–18). The primary
phase of the current study aimed to de-
termine whether sustained intensive gly-
cemic control using hybrid CL following
diagnosis could prevent the decline in en-
dogenous insulin secretion in youth with
type 1 diabetes (19). Results showed that
despite significant improvements in glyce-
mic control with CL compared with stan-
dard therapy over 24 months, a similar
decline in residual C-peptide secretion oc-
curred in both groups (19).

Diabetes self-management is particu-
larly challenging in the adolescent age-
group due to a variety of factors, includ-
ing peer group influences, importance
of body image, less parental oversight,
greater risk-taking, and fear of hypoglyce-
mia, leading to higher levels of diabetes
distress (20,21). What remained uncer-
tain at the time of the primary study
phase was whether hybrid CL insulin de-
livery would remain effective in this pop-
ulation in terms of improving glycemic
control in the true long-term, and how
this might affect any remaining b-cell
function.

RESEARCH DESIGN AND METHODS

Study Design
The study adopted an open-label, multicen-
ter, randomized, parallel design comparing
hybrid CL insulin delivery and standard in-
sulin therapy (control) over 48 months.
After the initial 24-month study period
(primary phase) all participants were in-
vited to enter an extension phase of the
study, where they continued with their
treatment allocated at initial randomiza-
tion for a further 24 months. Results from
the primary study phase and a copy of the
protocol are published elsewhere (19).

Participants were recruited from seven
pediatric diabetes clinics in the U.K.
(CLOuD Consortium members are listed
in the Supplementary Material). Approval
was received from Cambridge East Re-
search Ethics Committee (16/EE/0286)
and Medicines and Healthcare products
Regulatory Agency. Safety aspects were
overseen by an independent data safety
monitoring board. The study is registered
with ClinicalTrials.gov (NCT02871089).

Study Participants
All participants completing the primary
study phase were invited to take part in
the extension phase. For the primary study
phase, the key inclusion criterion was diag-
nosis of type 1 diabetes within the previ-
ous 21 days. Participants were aged 10 to
16.9 years inclusive. Key exclusion criteria
included concomitant disease or treat-
ment affecting metabolic control or inter-
pretation of HbA1c. Complete inclusion
and exclusion criteria for the primary study
phase are listed in Supplementary Table 1.
Participants aged 16 years and parents/
guardians of participants<16 years opting
to continue in the extension phase were
asked to reconsent. Written assent was
obtained from participants<16 years.

Closed-Loop System
The Cambridge model predictive control
algorithm (version 0.3.71) was run in two
hardware configurations, the initial Flor-
enceM configuration, followed by the
CamAPS FX configuration. The CamAPS FX
configuration superseded FlorenceM to
address usability issues and improve ad-
herence (Supplementary Fig. 1). Of the 44
participants in the CL group, 9 used the
initial FlorenceM configuration during the
24 to 36-month period, the remainder
used CamAPS FX. All 44 CL participants
used CamAPS FX from 36 to 48 months.

In both configurations, algorithm-driven
insulin delivery was adjusted automatically
every 8 to 12 min, with the app-based
control algorithm communicating the insu-
lin infusion rate to the insulin pump wire-
lessly. The control algorithm was initialized
using total daily insulin dose and body
weight, and incorporated adaptive learn-
ing with regards to total daily insulin
requirements, diurnal variations, meal
patterns, and duration of insulin action.

Procedures
Study flowchart and visit schedules are in
Supplementary Fig. 2 and Supplementary
Tables 2 and 3.

During the extension phase, partici-
pants randomized to CL in the primary
study phase continued CL therapy until
48 months after diagnosis, with no re-
mote monitoring or study-related restric-
tions. Participants initially randomized to
control continued standard insulin ther-
apy until 48 months after diagnosis. All
control group participants were com-
menced on multiple daily injections at
diagnosis, but were free to commence
insulin pump therapy and/or use flash/
continuous glucose monitoring or ap-
proved CL systems at any time following
randomization. Treatment adjustments
were made by local diabetes clinical teams
(not the research team) as clinically indi-
cated, applying National Institute for
Health and Care Excellence criteria (22)
with regards to eligibility for insulin pump
therapy and/or glucose monitoring use.

Study Contacts
During the extension phase participants
were contacted at 3-month intervals to
record adverse events, device deficien-
cies, and other relevant information.
Two follow-up visits were conducted at
36 and 48 months after diagnosis. Fast-
ing C-peptide and glucose samples and
HbA1c samples were collected following
an overnight fast, and participants wore
a masked glucose sensor (FreeStyle Libre
Pro; Abbott Diabetes Care, Alameda, CA)
for 14 days. Throughout the study, partici-
pants/guardians and/or the local diabetes
clinical team were free to adjust insulin
therapy, but no active treatment optimiza-
tion was undertaken by the research
team. Participants were able to contact a
24-h telephone help line to the local re-
search team.
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Assays
C-peptide, glucose, and HbA1c were mea-
sured centrally and lipid profile was mea-
sured locally. Details are provided in the
Supplementary Material.

Study Outcomes
All outcomes in the extension phase were
considered secondary and were com-
pared between treatment arms at 36 and
48 months of follow-up. Outcomes in-
cluded fasting C-peptide, fasting C-peptide
adjusted for fasting plasma glucose, and
overall glucose control in the form of
HbA1c. Time in target glucose range 3.9 to
10.0 mmol/L, time in hypoglycemia<3.9
mmol/L, time in hyperglycemia >10.0
mmol/L, mean glucose, SD of glucose,
and coefficient of variation of glucose
were based on data from a masked glu-
cose sensor worn for 14 days at 36 and 48
months, respectively. Additional outcomes
based on sensor glucose data included
time with glucose <3.0 mmol/L and
>16.7 mmol/L and area above the curve
<3.9mmol/L. All sensor glucose outcomes
were calculated over the whole 24-h pe-
riod, whereas a subset of outcomes (time
in the target range, mean sensor glucose,
SD of glucose, and time <3.0 mmol/L)
were also tabulated separately for day-
time (0600 to 2359) and night-time
(0000 to 0559). Insulin delivery metrics
were additionally compared between
groups.
Safety evaluation comprised the fre-

quency of severe hypoglycemia and dia-
betic ketoacidosis (DKA) events as well as
other adverse events or serious adverse
events.

Statistical Analysis
Analyses were performed on an intention-
to-treat basis, with each participant ana-
lyzed according to the treatment as-
signed by the initial randomization. All
participants who were randomized were
included in the analysis. Treatment inter-
ventions were compared using a longitu-
dinal mixed-effects linear model adjusting
for baseline value, sex, presence/absence
of DKA at diagnosis, and age as fixed
effects, and clinical site as a random ef-
fect. Mixed-effects regression models ad-
dressed missing data by using maximum
likelihood estimation incorporating data
from all randomized participants, which
assumes data were missing at random. A
95% CI was reported for the difference
between the interventions based on the

linear mixed model. Highly skewed data
were winsorized at the 10th and 90th
percentiles. P values were two-sided and
were adjusted for multiple comparisons
using the adaptive Benjamini-Hochberg
false discovery rate correction procedure.

A per-protocol analysis restricted to
participants in the CL group who used
the system at least 60% of the time dur-
ing the extension phase and those in
the control group who did not start in-
sulin pump therapy was conducted.

Analyses were conducted with SAS
9.4 software (SAS Institute).

Data and Resource Availability
Deidentified data set will be made avail-
able on case-by-case basis on reason-
able request for research purposes.

RESULTS

Participants
Of 97 participants initially randomized,
85 completed the primary study phase
(47 CL and 38 control group). Between
31 January 2019 and 5 July 2021, 81 par-
ticipants chose to enroll in the extension
phase (at extension start mean ± SD age
was 14 ± 2 years, 42% female [n = 34],
HbA1c 7.3 ± 1.2% [56 ± 14 mmol/mol]),
of which 47 were in the CL group, and 34
in the control group. Characteristics of
participants in the extension phase are
shown in Table 1, while characteristics of
all randomized participants in the pri-
mary study phase compared with the ex-
tension phase cohort are shown in

Supplementary Table 4. There were five
withdrawals during the extension phase,
three in the CL group, and two in the
control group. Three participants were
withdrawn due to safety concerns (two
CL, one control), and two participants
were lost to follow-up (one CL, one
control). Flow of participants is shown
in Supplementary Fig. 3, and the rea-
sons for withdrawal are shown in
Supplementary Table 5.

C-Peptide Outcomes
C-peptide and glycemic outcomes for all
participants in the extension phase at 36
and 48 months are shown in Table 2. In
keeping with primary study phase re-
sults, there was no difference in fasting
C-peptide between treatment groups at
36 or 48 months (CL 61 ± 58 pmol/L and
control 69 ± 47 pmol/L at 36 months,
mean adjusted difference �15 [95% CI
�46, 18; P = 0.35]; CL 26 ± 31 pmol/L
and control 29 ± 31 pmol/L at 48 months,
mean adjusted difference �8 [95% CI
�36, 20; P = 0.54]). Similarly, there was
no difference in fasting C-peptide divided
by fasting glucose between groups at 36
and 48 months. Overall, C-peptide levels
declined in both groups over the 4-year
study period (Fig. 1).

Glycemic Outcomes
The percentage time spent in target
range 3.9 to 10.0 mmol/L was 12 per-
centage points higher (95% CI 3, 20; P =
0.008) in the CL group compared with
control group at 48 months based on

Table 1—Characteristics of study participants at start of the extension phase
(24 months after diagnosis) by treatment group

Overall
(n = 81)

CL
(n = 47)

Control
(n = 34)

Age, years 14 ± 2 14 ± 2 14 ± 2

Female sex 34 (42) 21 (45) 13 (38)

BMI percentile 62 ± 27 63 ± 27 61 ± 29

Race/ethnicity

White 67 (83) 40 (85) 27 (79)
Black/African American 3 (4) 1 (2) 2 (6)
Asian 4 (5) 2 (4) 2 (6)
More than one race 5 (6) 4 (9) 1 (3)
Unknown/not reported 2 (2) 0 (0) 2 (6)

Presence of DKA at diagnosis 18 (22) 14 (30) 4 (12)

HbA1c, at 24 months after diagnosis

HbA1c, % 7.3 ± 1.2 6.9 ± 1.0 7.9 ± 1.3
HbA1c, mmol/mol 56 ± 14 52 ± 11 63 ± 14

Data are n (%) or mean ± SD.
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masked Libre Pro sensor data. This was
mainly due to a reduction in time in hy-
perglycemia >10.0 mmol/L of 12 per-
centage points (95% CI �21, �3; P =
0.008) in the CL group compared with
control at 48 months. Time in range was
lowest at 48 months in both groups com-
pared with other study time points (61 ±
12% CL and 50 ± 17% control group)
(Supplementary Table 6 and Supplementary
Fig. 4). Time in hypoglycemia <3.9 mmol/L
was not different between groups at
48 months (mean adjusted difference
0.5 percentage points [95% CI �3.7, 4.8;
P = 0.79]), but was high in both groups
at 11.7 ± 6.8% in the CL and 11.5 ± 8.1%
in the control group. A post hoc comparison
of time in hypoglycemia (<3.9 mmol/L) as
recorded by Dexcom G6 versus Libre Pro in
the CL group showed 2.9 ± 1.2% time in hy-
poglycemia based on Dexcom G6 versus
13.5 ± 6.2% based on Libre Pro readings
(36- and 48-month data combined). Mean
glucose was 1.4 mmol/L lower (95% CI 0.0,
2.8; P = 0.06) in the CL group compared
with control at 48 months, although this
difference was not statistically significant.
Glucose variability as measured by the SD
of glucose and coefficient of variation of
glucose was similar between treatment
groups. Day and night glucose control is
shown in Supplementary Table 7. Longi-
tudinal sensor glucose outcomes over

4 years are shown in Supplementary
Table 6 and Supplementary Fig. 4.

Mean HbA1c was 0.9 percentage points
(10 mmol/mol) lower (95% CI �1.5,
�0.2% [�17, �3 mmol/mol]; P = 0.009)
in the CL group compared with the con-
trol group at 48 months. In the CL group,
59% (n = 24) achieved the American Dia-
betes Association target of HbA1c <7.0%
(53 mmol/mol) and 34% (n = 14)
achieved the The International Society
for Pediatric and Adolescent Diabetes
(ISPAD) target of HbA1c<6.5% (48 mmol/
mol) at 48 months, compared with 22%
(n = 7) and 9% (n = 3), respectively, in the
control group. After a significant decrease
following diagnosis in both groups, HbA1c
remained relatively stable over 4 years in
the CL group, whereas it steadily in-
creased over the first 2 years and then re-
mained stable thereafter in the control
group (Fig. 1).

Insulin Outcomes
Total daily insulin requirements were similar
between treatment groups at 48 months
(mean adjusted difference 0.17 units/kg/day
[95% CI �0.19, 0.53; P = 0.37]), with a
trend toward a lower proportion of insu-
lin being given as a bolus in the CL group
compared with control (Table 2). Longi-
tudinal insulin requirements over 4 years
are shown in Supplementary Table 8.

Technology Use
In the CL group, median sensor use was
97% (interquartile range 91, 99) with
median 92% (82, 94) CL use from 24 to
48 months (Supplementary Table 9).

Following on from the primary study
phase, where 43% of participants in the
control group (n = 16) were using insulin
pump therapy and 68% (n = 25) were us-
ing a glucose sensor, technology use re-
mained high in the control group during
the extension phase, with nearly all partici-
pants using a glucose sensor. At 48 months,
39% (n = 13) were using insulin pump ther-
apy, 94% (n = 31) were using a glucose
sensor, and 15% (n = 5) were using a hy-
brid CL system (Supplementary Table 10).

Per-Protocol Analysis
The differences between groups in time
in target range of 3.9 to 10.0 mmol/L
and HbA1c at 36 and 48 months were
even more marked in favor of CL in a
per-protocol analysis. This analysis used
data from participants in the CL group
with at least 60% CL use during the ex-
tension phase and those in the control
group who did not start insulin pump
therapy (Supplementary Table 11).

Adverse Events
Safety-related events are summarized
in Table 3. There were 11 severe hypo-
glycemia events, 6 events occurred in

Figure 1—A: Longitudinal fasting C-peptide adjusted for fasting plasma glucose. B: Longitudinal HbA1c. The numbers beneath the x-axis in B reflect
the number of participants in the control group using different types of diabetes technology at each time point (sensor includes real-time and flash
glucose monitoring). The I bars represent interquartile ranges.
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5 participants in the CL group, and 5
events occurred in 5 participants in
the control group. Seven DKA events oc-
curred, three in the CL group and four in
the control group. Details of the events
are in Supplementary Table 12. Eight non-
treatment-related serious adverse events
occurred, one in the CL group and seven
in the control group. A total of 74 other
adverse events (36 CL, 38 control) were
reported.

Participant Contacts
A higher number of unscheduled con-
tacts were recorded in the CL group
compared with the control group. Most
of these contacts (69%) were related to
the study device. Different sites had high
variability in their reporting of unsched-
uled contacts.

CONCLUSIONS

The current study shows that after diag-
nosis of type 1 diabetes, improvements
in glycemic control with hybrid CL insulin
delivery are sustained over 48 months
compared with standard therapy. These
sustained improvements in glycemic con-
trol do not appear to confer a protective
effect on residual C-peptide secretion.

Residual C-peptide secretion, as mea-
sured by fasting C-peptide adjusted for
fasting glucose, declined at a similar rate
between treatment groups over 48months.
Decline appeared most rapid in the first
24 months following diagnosis, with

slowing but ongoing decline evident be-
tween 24 and 48 months across treat-
ment groups (Fig. 1). In keeping with
results from the primary study phase
(19), there was no difference in fasting
C-peptide adjusted for fasting glucose
between groups at 36 or 48 months,
despite significantly lower HbA1c and
higher time in target glucose range in
the CL group. Large observational studies
have shown DKA at diagnosis is associ-
ated with higher HbA1c levels and less re-
sidual b-cell function over time (23,24),
and a higher number of participants in
the CL group presented with DKA. How-
ever, a recent secondary analysis compar-
ing glycemic outcomes in 51 children
using CL in the primary study phase over
24 months showed no difference in C-
peptide area under the curve or time in
target range between those who did and
did not present with DKA at diagnosis,
suggesting that even if b-cell decline is
faster in those with DKA at diagnosis, CL
therapy appears to mitigate this effect
(25). A shorter 12-month study com-
paring hybrid CL insulin delivery with
standard care plus continuous glucose
monitoring in 113 participants aged 7 to
17 years also showed a decline in residual
C-peptide secretion, with no difference
between groups, despite a significantly
higher time in target glucose range in
the CL group and similar rates of DKA
at diagnosis in both groups (26). These
results suggest that the level of opti-
mized glycemic control achievable with

currently available CL systems is not
able to preserve endogenous insulin
secretion.

The benefits in improved glycemic con-
trol in the CL group compared with control
that were observed in the first 24 months
(primary study phase) remained until
48 months after diagnosis. Hybrid CL insulin
delivery is highly effective as a long-term
therapy, with mean time in target range of
3.9 to 10.0 mmol/L 12 percentage points
higher and HbA1c 0.9% (10 mmol/mol)
lower in the CL compared with control
group at 48 months. Notably, time in tar-
get range of 3.9 to 10.0 mmol/L deterio-
rated in both groups over time. This is in
keeping with the general epidemiological
trends observed during adolescence in
larger registry studies (4–6). However, use
of CL continued to confer significant ben-
efits, with a >10 percentage point mean
difference in time in range between 24
and 48 months compared with standard
therapy. This difference persisted despite
an accompanying increased use of contin-
uous glucose sensors and hybrid CL sys-
tems in the control group. These results
compare well with findings of a recent
meta-analysis, where pooled data from
studies ranging from 3 days to 2 years in
length showed an improvement in time
in range of 11 percentage points with hy-
brid CL insulin delivery compared with
standard therapy in children and adoles-
cents with type 1 diabetes (27). Time in
target range was higher at 78% in the CL
group in a 12-month trial by McVean
et al. (26); however, this study incorpo-
rated an intensive approach, with study
contacts every 1 to 2 weeks. The present
extension phase is more representative of
a real-life approach with 3-monthly study
contacts, in keeping with current clinical
practice in the U.K. where 3-monthly clinic
visits represent standard care for children
and young people with type 1 diabetes.

Despite high insulin pump (39%) and
glucose sensor use (94%), only 9% of par-
ticipants in the control group reached the
target HbA1c <48 mmol/mol (<6.5%),
compared with 34% in the CL group.
More than half of participants in the CL
group had an HbA1c of <53 mmol/mol
(7.0%) compared with one-quarter in the
control group, sustained over 4 years.
This is particularly significant in the ado-
lescent age-group, where glycemic tar-
gets are less likely to be met than in
younger children or adults. Large scale
registry data from Europe, the U.S., Canada,

Table 3—Safety outcomes by treatment group from 24 to 48 months

CL
(n = 47)

Control
(n = 34) P value*

Severe hypoglycemic events, n 6 5
Events per participant 0.13 ± 0.40 0.15 ± 0.36 0.82
Incidence rate per 100 person-years 6.6 7.5 0.84
Participants with at least one event 5 (11) 5 (15) 0.73

DKA events, n 3 4

Episodes per participant 0.06 ± 0.25 0.12 ± 0.33 0.26
Incidence rate per 100 person-years 3.3 6.0 0.27
Participants with at least one event 3 (6) 4 (12) 0.45

Serious adverse events, n 1 7

Serious adverse events per participant 0.02 ± 0.15 0.21 ± 0.41 0.04
Diabetes-related serious adverse events, n 1 4
Hyperglycemia with ketosis events, n 1 3

Other adverse events, n 36 38

Adverse events per participants 0.77 ± 1.03 1.12 ± 1.20 0.11

Data are n (%) or mean ± SD, unless otherwise stated. *For binary outcomes, P values are
based on Fisher exact test. For count variables and incidence rates, P values are based on a
Poisson regression model.
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Australia, and India show a mean HbA1c
ranging from 63 to 77mmol/mol (7.9–9.2%)
in the adolescent age group using standard
therapies (4,6). Our study outcomes high-
light the long-term benefits of commenc-
ing hybrid CL at diagnosis in young people
with type 1 diabetes, including mitigating
some of the factors leading to the deterio-
ration in glycemic control usually observed
in this age-group. Evidence from the Epi-
demiology of Diabetes Interventions and
Complications (EDIC) study has shown
clear benefits of early intensive therapy in
type 1 diabetes (7). Thus, hybrid CL insulin
delivery should be considered for all youth
from diagnosis of type 1 diabetes in clinical
practice (28).
The time in hypoglycemia was higher

than expected in both CL and control
groups, with more time below range in
the CL group at 36 months, although this
difference was not statistically signifi-
cant. We used the FreeStyle Libre Pro
sensor to record glycemic data for both
control and CL groups, due to its ability
to record 14 days of masked glucose
data. At the time the study was de-
signed, this was the only available glu-
cose sensor that could record this length
of masked data without the need for cali-
bration. It has been documented that
40% of the time when the FreeStyle Li-
bre Pro Flash Glucose Monitoring System
indicated values #3.3 mmol/L, actual
glucose values (Yellow Spring Instrument
[YSI] measurements) were between 4.5
and 8.9 mmol/L (29). Reassuringly, time
in hypoglycemia (<3.9 mmol/L) in the CL
group was 2.9 ± 1.2% based on Dexcom
G6 sensor data.
Strengths of our study include the

multicenter, randomized, parallel design
and the 2-year extension phase duration
(4 years total study duration). No exclu-
sion criteria applied for the extension
phase, and all participants in the primary
study phase were invited to participate,
minimizing selection bias. The study co-
hort is representative in ethnicity (�80%
of youth with type 1 diabetes in the U.K.
are White) and DKA at onset (approxi-
mately one-third present in DKA in the
U.K.) (5). Clinical teams were free to opti-
mize therapy and commence diabetes
technology in the control group, including
use of hybrid CL insulin delivery. Study in-
terventions were minimal with 3-monthly
contacts and annual fasting blood analy-
sis, improving real-world generalizability
of results.

Our study had certain limitations. There
were more participants in the CL group
compared with control (47 vs. 34) during
the extension phase. This was partially
due to a higher number of withdrawals
in the control group during the primary
study phase (6 vs. 4 in CL) and not all
control participants choosing to continue
in the extension phase (89% vs. 100% in
CL). This lower retention observed in the
control group is likely reflective of lower
motivation due to not having access to CL
technology via the study. However, overall
retention was 78% over 48 months, high
given the length of the current study.
There were missing data points related to
national restrictions during the coronavi-
rus disease 2019 pandemic. We recorded
a higher number of unscheduled contacts
in the CL group, although these were in-
consistent between sites.

In conclusion, hybrid CL insulin delivery
for 48 months following diagnosis led to
sustained improvements in glycemic con-
trol compared with standard therapy in
young people with type 1 diabetes. These
sustained improvements in glycemic con-
trol did not prevent the ongoing decline
in residual C-peptide secretion.
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