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ARTICLE HIGHLIGHTS

• Hybrid closed-loop (HCL) systems improve glycemic management and quality of life in people with type 1 diabetes in
randomized controlled trials, but existing real-world data are limited.

• The objective of this study was to assess the outcomes associated with HCL in individuals with above-target
HbA1c levels.

• The use of HCL across multiple systems was associated with improvements in HbA1c, sensor glucometrics, and
diabetes-related distress.

• These data supplement existing evidence to support the use of HCL.
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OBJECTIVE

We explored longitudinal changes associated with switching to hybrid closed-
loop (HCL) insulin delivery systems in adults with type 1 diabetes and elevated
HbA1c levels despite the use of intermittently scanned continuous glucose moni-
toring (isCGM) and insulin pump therapy.

RESEARCH DESIGN AND METHODS

We undertook a pragmatic, preplanned observational study of participants in-
cluded in the National Health Service England closed-loop pilot. Adults using
isCGM and insulin pump across 31 diabetes centers in England with an HbA1c

‡8.5% who were willing to commence HCL therapy were included. Outcomes in-
cluded change in HbA1c, sensor glucometrics, diabetes distress score, Gold score
(hypoglycemia awareness), acute event rates, and user opinion of HCL.

RESULTS

In total, 570 HCL users were included (median age 40 [IQR 29–50] years, 67% female,
and 85% White). Mean baseline HbA1c was 9.4 ± 0.9% (78.9 ± 9.1 mmol/mol) with
a median follow-up of 5.1 (IQR 3.9–6.6) months. Of 520 users continuing HCL at
follow-up, mean adjusted HbA1c reduced by 1.7% (95% CI 1.5, 1.8; P < 0.0001)
(18.1 mmol/mol [95% CI 16.6, 19.6]; P < 0.0001). Time in range (70–180 mg/dL) in-
creased from 34.2 to 61.9% (P < 0.001). Individuals with HbA1c of £58 mmol/mol
rose from 0 to 39.4% (P < 0.0001), and those achieving ‡70% glucose time in range
and <4% time below range increased from 0.8 to 28.2% (P < 0.0001). Almost all par-
ticipants rated HCL therapy as having a positive impact on quality of life (94.7% [540
of 570]).

CONCLUSIONS

Use of HCL is associated with improvements in HbA1c, time in range, hypoglyce-
mia, and diabetes-related distress and quality of life in people with type 1 diabe-
tes in the real world.

There are currently >400,000 people living with type 1 diabetes in England and Wales,
and the incidence is increasing (1,2). Type 1 diabetes is one of the most challenging
long-term conditions to self-manage. It requires multiple daily glucose measurements,
counting carbohydrates, and calculating and injecting insulin doses multiple times daily
in the unrelenting endeavor to achieve normoglycemia. Unsurprisingly, glucose levels
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in many people living with type 1 diabe-
tes remain above target, and according to
the 2021/2022 UK National Diabetes Au-
dit, only 12.7% in England achieved the
recommended HbA1c target of #6.5%
(48 mmol/mol), and only 36.3% achieved
an HbA1c level #7.5% (58 mmol/mol) (1).
While insulin pump therapy and struc-
tured education may increase the chance
of achieving this target, evidence from
the National Diabetes Pump Audit dem-
onstrated similar numbers achieving an
HbA1c #7.5% (58 mmol/mol) among peo-
ple who were using and not using insulin
pumps, with an average HbA1c among
pump users of �8.0% (64 mmol/mol) (3).
Furthermore, the risks of hypoglycemia
remain a major barrier, while the constant
vigilance over glucose levels and need for
multiple self-care tasks can lead to diabe-
tes burnout and distress (4).

Hybrid closed-loop (HCL) insulin deliv-
ery systems combine insulin pump thera-
pies with continuous glucose monitoring
(CGM) sensors to automate insulin deliv-
ery between meals and overnight to
maintain glucose near a prespecified target
level using algorithmic software contained
within the insulin pump or a separate de-
vice (e.g., smartphone) (5). Currently avail-
able systems require a user-initiated meal
bolus (a hybrid approach). In the U.K., the
use of these systems has been limited by
access to real-time CGM nationally and the
need to meet criteria for insulin pump
therapy as per the National Institute for
Health and Care Excellence (NICE) technol-
ogy appraisal guidance 151, “Continuous
subcutaneous insulin infusion for the treat-
ment of diabetes mellitus” (6). While up-
dates to NICE guideline 17, “Type 1
diabetes in adults,” may facilitate in-
creased uptake of HCL through improved
access to HCL-compatible real-time CGM,

specific guidelines for U.K. use are not cur-
rently available (7).

In the available randomized controlled
trials looking at single devices, HCL sys-
tems improve glycemic outcomes com-
pared with insulin pump alone, multiple
daily injections with CGM, and sensor-
augmented pump therapy (8–12). How-
ever, the benefits demonstrated in these
clinical trials reflect the outcomes in a
group of people motivated to take part in
research and often with HbA1c levels close
to target at baseline with intensive proto-
colized follow-up.This limits the generaliz-
ability of these findings to the wider
population with type 1 diabetes who will
undergo standard follow-up, especially in
a U.K. context where almost 66% of indi-
viduals have HbA1c levels above target
($7.5% [58 mmol/mol]) (1).

Real-world evidence exists but is limited
to single-system studies and, similar to
the randomized controlled trial data, fre-
quently included individuals who were at
or near target HbA1c at baseline. Addition-
ally, these studies often lacked data on
HbA1c (instead reporting sensor-derived
glucose data) and hospital admissions
(13–16). In recognition of the disconnect
between the evidence and observed clini-
cal experience with HCL systems, National
Health Service (NHS) England funded a
real-world pilot scheme for the use of HCL
systems in individuals with a high HbA1c
level who were already using an insulin
pump. The Association of British Clinical
Diabetologists (ABCD) Closed-Loop Audit
Program was designed to capture routine
anonymized outcome data from adults
who participated in this scheme. The aim
was to assess the real-world effectiveness
and safety of HCL systems commercially
available in the U.K. in an NHS outpatient
setting.

RESEARCH DESIGN AND METHODS

The methodology for this observational
study has been previously described (17).
The population included in the NHS
England adult HCL pilot were patients at-
tending adult diabetes services with a diag-
nosis of type 1 diabetes managed with an
insulin pump and intermittently scanned
CGM (isCGM) with an HbA1c $8.5%
(69 mmol/mol). Thirty-one adult diabetes
centers across England were selected by
NHS England to participate based on ge-
ography and pump experience. Patients
were started on HCL between August and
December 2021. Anonymized clinical out-
come data were collected during routine
clinical care, and clinical systems and elec-
tronic health records were reviewed and
submitted via a secure online tool. This
analysis reflects the data captured between
3 and 9 months of follow-up. The primary
outcome was change in laboratory-derived
HbA1c. Secondary outcomes included CGM
metrics time in range (TIR) (70–180mg/dL),
time below range (TBR) (<70 mg/dL), glu-
cose management indicator (GMI) (esti-
mated HbA1c), Diabetes Distress Scale 2
(DDS2) score (18), Gold score (19), event
rates, weight, BMI, and user opinion of
HCL (using a 7-point Likert scale where 1 =
strongly negative/would not recommend
and 7 = strongly positive/would recom-
mend). Sensor glucometrics were reported
over 14 days per the international consen-
sus guidelines and in keeping with routine
clinical practice (20). Events of interest in-
cluded hospital admission, paramedic cal-
louts, and severe hypoglycemia (requiring
third-party assistance to treat) and were
reported by the clinical teams via the online
tool. Sensor glucometrics were extracted
from the relevant HCL system for the 14 days
preceding follow-up. Follow-up frequency
was determined by the responsible clinical
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teams purely on clinical need. The most re-
cent available data for each patient, within
the 3–9 month follow-up window, were
used in this analysis. Only available paired
data were included for each outcome of
interest.
Sensitivity analysis was performed com-

paring the baseline characteristics of those
with follow-up data compared with those
who discontinued the system or in whom
follow-up data were not available (i.e., not
entered, failed to attend, lost to follow-
up). Data were assessed for accuracy and
completeness and analyzed using Stata SE
16 statistical software. The analysis was
conducted by two individuals indepen-
dently (T.S.J.C. and T.P.G.). Data were ex-
pressed as mean and SD for continuous
outcomes with a parametric distribution
and median and interquartile range (IQR)
for nonparametrically distributed continu-
ous outcomes (determined by tests of
skew). Paired t tests were used for the
analysis of continuous variables with a
parametric distribution. Mann-Whitney U
(Wilcoxon rank sum) tests were used to
assess outcome variables with a nonpara-
metric distribution. P < 0.01 was consid-
ered statistically significant to account for
multiplicity. Change in HbA1c from base-
line was adjusted for baseline characteris-
tics and change in other covariates using
a multivariable linear regression model
with clustering by center to correct for
key covariates determined a priori as fol-
lows: baseline HbA1c and weight, sex, age,
duration of diabetes and pump use, depri-
vation level, HCL system, time in closed
loop, ethnicity, and change in weight.
Mann-Whitney U tests were used to as-
sess changes in patterns of hospital ad-
missions and paramedic callouts.

Patient and Public Engagement
The importance of closed-loop systems to
people with diabetes has been emphasized
repeatedly by groups on social media and
in meetings with both U.K.-based charities
(e.g., Diabetes UK) and NHS England. Many
campaigns (e.g., #WeAreNotWaiting) aim
to improve access to diabetes technology
(21). Research into closed-loop systems
has been established as a priority research
area in diabetes by the James Lind Alliance
(22). Acknowledging the importance of the
lived experience of people with diabetes,
simple questions were asked on the impact
of these systems on quality of life and
whether users would recommend these

systems to others. Qualitative outcomes
were explored in more depth in a dedi-
cated study that will be reported at a later
date. Two study authors live with type 1
diabetes.

Ethics
As a service evaluation and audit, this
program only collects anonymized, rou-
tinely available clinical data. Tests not
performed routinely were not required
to be performed. As such, there was no
requirement for approval by a research
ethics committee. The ABCD nationwide
audit program, which includes this audit,
has Caldicott Guardian Approval and has
also been approved by the Confidential-
ity Advisory Group (23).

Data and Resource Availability
Data sharing on key outcomes will be
permitted on written application to the
authors.

RESULTS

Baseline data were available for 634 adults
across the 31 centers, with follow-up data
reported for 570 (89.9%), of whom 91.2%
(520 of 570) continued to use HCL. Supple-
mentary Material 1 contains the flow dia-
gram for this analysis.

Baseline Characteristics
For the 520 individuals with baseline
and follow-up data, the median age was
40 years (IQR 29–50); 67% (n = 348)
were female; median diabetes duration
was 21 years (IQR 15–30); 83% (n =
433) were White British; and 10% (50 of
500) were from the two most deprived
quintiles, with a median index of multi-
ple deprivation decile of 6 (IQR 3–8).
The baseline characteristics of the cohort
are summarized in Table 1. The HCL sys-
tems initiated in the NHS England pilot
included Medtronic 780G (46%, n =
241), Tandem Control-IQ (37%, n = 193),
CamAPS FX (5%, n = 27), Medtrum
closed-loop system (4%, n = 19), and the
Medtronic 670G (2%, n = 8); the system
was not reported for 32 (6%) individuals.

HbA1c and Sensor-Based Outcomes
Across the population, HbA1c reduced from
9.4 ± 0.9% (78.9 ± 9.1 mmol/mol) at base-
line to 7.8 ± 0.8% (62.1 ± 9.1 mmol/mol)
over a median follow-up of 5.1 months
(IQR 3.9–6.6). The mean unadjusted de-
crease in HbA1c was 1.5% (95% CI 1.4, 1.6;

P < 0.001) (16.7 mmol/mol [95% CI 15.8,
17.6]; P< 0.001). Using a multivariable lin-
ear regression model to correct for key
covariates, mean adjusted HbA1c reduced
by 1.7% (95% CI 1.5, 1.8; P < 0.0001)
(18.1 mmol/mol [95% CI 16.6, 19.6]; P <
0.0001). These results are demonstrated
in the violin plot and scatter plots in Fig.
1A and B. There is no evidence for differ-
ence in HbA1c changes associated with
HCL across baseline deprivation status or
ethnicity (P = 0.999 for both) when as-
sessed by pairwise comparisons within
the regression model.

The median time spent in closed-loop
mode was 96% (IQR 92–99). The GMI de-
creased from 8.7 (71.6 mmol/mol) to
7.4% (57.3 mmol/mol) at follow-up
(�1.3% [95% CI�1.2,�1.4]; P< 0.0001)
(�15.4 mmol/mol [95% CI�13.7,�17.0];
P < 0.0001). TIR (70–180 mg/dL) in-
creased from 34.2 to 61.9%, a mean in-
crease of 27.8% (95% CI 26.2, 29.4; P <
0.001). TBR (<70 mg/dL) reduced from
2.1 to 1.6% (P = 0.01), with level 1 hypo-
glycemia (54–69 mg/dL) reducing from
1.8 to 1.3% (P< 0.001). There was no sig-
nificant change in level 2 hypoglycemia
(<54 mg/dL). The glucose coefficient of
variation fell from 38.0 to 35.2% (�2.8%
[95% CI �1.9, �3.6]; P < 0.0001). The
changes in CGM-derived glucose metrics
are displayed in Fig. 1C and Supplementary
Material 2. The paired HbA1c and CGM-
derived glucose metric outcomes are sum-
marized in Table 2.

As per entry criteria, no individuals
were achieving an HbA1c of #7.5%
(58 mmol/mol) at baseline; 39.4% (176
of 447) of users met this HbA1c target at
follow-up, and 14.1% (63 of 447) achieved
HbA1c #7.0% (53 mmol/mol). At baseline,
0.8% met the internationally recommended
targets of$70% TIR and<4% TBR, increas-
ing to 28.2% (135 of 478) at follow-up (P<
0.0001). Figure 2 demonstrates the propor-
tion of the cohort achieving recognized gly-
cemic targets before and after closed-loop
therapy. In total, 91.0% (n = 473) had an
HbA1c drop $0.5%, with 79.6% (n = 414)
achieving reductions $1.0%. Only 11
(2.1%) individuals using HCL experienced
an increase in HbA1c.

Weight, BMI, and Total Daily Dose of
Insulin
Weight increased from a mean ± SD of
80.8 ± 18.1 kg at baseline to 82.7 ± 20.0 kg
at follow-up, a mean increase of 1.9 kg
(95% CI 0.9, 2.9; P < 0.001; n = 282).
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Among those with available data, the
increase in BMI from 28.9 ± 6.9 kg/m2

at baseline to 29.2 ± 6.8 kg/m2 at follow-
up was nonsignificant (P = 0.07). Total
daily insulin doses increased from 49.4 ±
23.2 to 55.8 ± 1.7 units, an increase of
6.4 units (95% CI 4.6, 8.3; P < 0.001; n =
250).

Diabetes Distress, Gold Score, and
User Satisfaction
Improvements in patient-reported out-
come measures were observed with re-
duction in DDS2 score from 3.3 to 2.2, a

mean reduction of �1.1 (95% CI �1.0,
�1.3; P < 0.001). The proportion of indi-
viduals with high diabetes distress (DDS2
$3) reduced from 69.0% at baseline to
22.8% (P = 0.001). Gold score reduced
from 2.3 to 1.9 (P < 0.001). These results
are summarized in Table 2. Within the
NHS England pilot (including those who
discontinued using the system), 96.3%
(549 of 570) would recommend HCL ther-
apy to others with diabetes, and 94.7%
(540 of 570) rated HCL therapy as having
had a positive impact on their quality of
life.

Acute and Adverse Events
Reported hospital admissions related to
hypoglycemia and hyperglycemia/diabetic
ketoacidosis and paramedic callouts (not
resulting in admission) were low in this
cohort, and no increase in events per
10 person-years were observed. These re-
sults are summarized in Supplementary
Material 4. One death due to diabetic ke-
toacidosis occurred and was deemed un-
related to use of the HCL system.

A total of 37 adverse events were re-
ported. The majority (24 of 37) of these
adverse events were related to either
pump or cannula issues (11 of 37 [29.7%])
or sensor failures, inaccuracies, and skin
reactions (13 of 37 [35.1%]). A total of 50
users (8.8%) discontinued HCL therapy.
Reasons for discontinuation were lack of
trust in the system/anxiety (4 [8%]), er-
ratic glucose levels (5 [10%]), issues with
cannulas/skin site reactions (6 [12%]), early
problems in adjusting to HCL (6 [12%]),
and failing to attend follow-up appoint-
ments so discontinued by the clinical team
(5 [10%]). Five individuals (10%) were
moved off one HCL system because of
technical issues and did not restart. No
reasons were provided for discontinuation
in the remaining individuals (19 [38%]).

Sensitivity Analysis
Sensitivity analysis comparing individuals
with complete follow-up versus those
who discontinued the HCL system or had
missing follow-up data are shown in
Supplementary Material 2. Those with ab-
sent follow-up higher time $250 mg/dL
at baseline were more likely to be using
ultrafast-acting insulin (P< 0.05 between
groups for all). Baseline HbA1c between
those with and without follow-up data
was not significantly different (P = 0.25).
All other baseline characteristics were
similar between the groups.

CONCLUSIONS

This real-world evaluation of the NHS
England pilot of HCL system use in people
living with type 1 diabetes demonstrates
substantial improvements in glycemic
and patient-reported outcomes over
5months of follow-up.The observed�1.7%
(�18.1 mmol/mol) HbA1c change is greater
than that reported in both randomized
controlled trials and existing real-world
studies, which reported HbA1c reductions
between 0.4 and 0.7% between baseline
and follow-up, although the average HbA1c

Table 1—Baseline characteristics

Characteristic Value (n = 520)

Age, years, median (IQR)† 40 (29–51)

Diabetes duration, years, median (IQR)† 21 (15–30)

Pump duration, years,† median (IQR) 8 (5–11)

Weight, kg,* mean ± SD 82 ± 18

BMI, kg/m2,* mean ± SD 29 ± 6

Index of multiple deprivation decile,† median (IQR) 6 (3–8)

Most deprived quintile of deprivation,‡ n (%) 50 (10)

Sex‡

Female 348 (67)
Male 172 (33)

Ethnicity

White, British 433 (83)
White, other 11 (2)
Mixed 10 (2)
Asian 14 (3)
Black 6 (1)
Other 4 (1)
Unknown 42 (8)

HbA1c, mean ± SD

% 9.4 ± 0.9
mmol/mol 78.9 ± 9.1

CGM metrics,* mean ± SD

Total daily insulin dose, units 51 ± 31
GMI, mmol/mol 72 ± 11
TAR, level 2 (>250 mg/dL), % 38 ± 19
TAR, level 1 (181–250 mg/dL), % 27 ± 11
TIR (70–180 mg/dL), % 34 ± 15
TBR, level 1 (54–69 mg/dL), % 2 ± 2
TBR, level 2 (<54 mg/dL), % 0 ± 1
Scans per day at baseline, n 7 ± 6
Coefficient of variation 38 ± 7

Insulin pump/closed-loop system‡

Medtronic 780G 241 (46)
Tandem Control-IQ 193 (37)
CamAPS FX 27 (5)
Medtrum 19 (4)
Medtronic 670G 8 (2)
Not recorded 32 (6)

TAR, time above range. *Data reported as mean ± standard deviation. †Data reported as
median (interquartile range). ‡Data reported as number (percentage).
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of participants included in these studies
was lower at baseline (8–10,15). Closer
comparisons can bemade to the Advanced

Hybrid Closed Loop Study in Adult Popula-
tion With Type 1 Diabetes (ADAPT) study,
which randomized those with similar

HbA1c levels (>8.0% [64 mmol/mol],
mean baseline HbA1c of 9.0% [75 mmol/
mol]) to either HCL or standard care (multi-
ple daily injections with isCGM) (12). In the
ADAPT study, a 1.5% HbA1c reduction was
observed in the HCL arm at follow-up, with
a relative difference of 1.4% between the
intervention and control arms. Our results
are similar but in a larger cohort already us-
ing insulin pump therapy at baseline and
with a higher HbA1c. The reductions in
HbA1c we report and the follow-up HbA1c
levels achieved are likely to translate into
significant reductions in complications in
the long term. The proportion of people
achieving HbA1c targets #7.5% (58 mmol/
mol) in this real-world study increased from
0 to 39.4%. This exceeds the proportion of
individuals already achieving this target
within the National Diabetes Audit (36.3%)
and National Diabetes Insulin Pump Audit
(34.4% in 2017–2018) (1,3). Although fol-
low-up glucose TIR (61.2% in 70–180 mg/
dL) was lower than in many existing HCL
studies, our observed population had
much lower TIR at baseline (34.2%), and
the change in TIR (an increase of 27.8%)
was much greater (8–10,15,24,25). Of note,
any change in GMI should be interpreted
with caution, as sensors are limited in their
ability to calculate this because of an inability
to account for extremely high glucose
values.

There was a 28% reduction in sensor-
detected level 1 hypoglycemia and user-
reported improvements in hypoglycemia
awareness and diabetes distress. This find-
ing may, however, be related to the switch
from isCGM to real-time CGM and the
provision of more advanced alarms, as
has been previously demonstrated in trials
(26). The majority of users reported a posi-
tive impact on quality of life and would
recommend the use of HCL systems to
other people living with diabetes. Some of
these positive reports may be explained
by the significant reductions in hyperglyce-
mia, which have previously been linked
to multiple quality-of-life factors, including
mood, cognition, and even driving skills
(27–30), and is consistent with existing
qualitative evidence supporting the use of
closed-loop insulin systems (31,32).

Although significant reductions in HbA1c
and glucose levels were associated with
HCL in this real-world study, >50% still
had HbA1c levels above target. Achieving
targets may further be improved in the
future by improving the education, sup-
port, and training provided to users of

Figure 1—A: Violin plot demonstrating HbA1c at baseline and follow-up (P< 0.0001). B: Scatter
plot showing individual patient data for HbA1c at baseline, with the line representing the
threshold for no change in HbA1c. C: Stacked bar chart demonstrating TIR at baseline and
follow-up. Data are for individuals with complete sensor data only (n = 380).

diabetesjournals.org/care Crabtree and Associates 1835

https://diabetesjournals.org/care


HCL alongside further developments in
HCL systems and is echoed by other stud-
ies, including the ADAPT study (33).

A small amount of weight gain (1.9 kg)
was observed, which may be due to im-
proved glucose levels and reductions in
glycosuria and subsequent urinary calorie
loss. This finding is comparable to those
of randomized controlled trials (e.g., 2.1 kg
in Tauschmann et al. [8]) (34).

These data also demonstrate that,
despite the advances in technology and
a generally positive response to HCL, the
current generation of closed-loop systems
is not for everyone. It should be noted that
a small, but significant proportion of peo-
ple (8.8%) discontinued use despite all

users already being familiar with and estab-
lished on stand-alone insulin pump ther-
apy. The reasons for this are multifaceted,
are not limited purely to technology or
equipment issues, and should be explored
further in future studies.

The main strength of our analysis is the
real-world nature of the data captured,
encompassing a large number of diverse
HCL users across multiple different systems
and across multiple centers.We know that
in the longer term, despite the benefits of
structured education, insulin pump ther-
apy, and isCGM, a large proportion of peo-
ple living with type 1 diabetes are unable
to achieve target glucose levels and remain
at high risk of complications (35). Within a

U.K. context, we know that only one-third
of insulin pump users achieve a target
HbA1c#7.5% (58mmol/mol) (3).The HbA1c
reductions observed in this study are likely
to significantly reduce future risk of com-
plications with important health economic
implications. By including data from multi-
ple HCL systems, our observations are
generalizable to a broad population of in-
dividuals with type 1 diabetes and HbA1c
levels above target, irrespective of the
system used. The findings observed are
less generalizable to individuals with lower
baseline HbA1c levels, though HCL use is
supported in these individuals by existing
randomized controlled trial evidence
(8,9,11).

There are limitations to this real-world
study, including the lackof a control group,
the possibility of unmeasured confounders
contributing to the changes observed,
underreporting of adverse events, and
missing data. Despite these limitations,
there is novelty in assessing the use of
these technologies outside a randomized
controlled trial environment. Our findings
mirror what has been reported in previous
trials, particularly the ADAPT study, over a
similar 5.1-month median follow-up pe-
riod (1,33). Our data provide additional
supportive evidence that benefits associ-
ated with HCL accrue in the real world,
not just in a research setting. Only 7% of
individuals were from a non-White ethnic
background, limiting the generalizability of
the findings to other racial and ethnic
populations.

Table 2—Baseline and follow-up HbA1c, CGM-derived glucose metrics (uncorrected changes), and patient-reported
outcome measure scores

n§ Baseline Follow-up Change (95% CI) P*

HbA1c
mmol/mol 436 78.9 ± 9.1 62.1 ± 9.1 �16.7 (�15.8, �17.6) <0.001
% 436 9.4 ± 0.8 7.8 ± 0.8 �1.5 (�1.4, �1.6) <0.001

Glucose data

TAR, level 2 (>250 mg/dL), % 407 37.2 ± 19.1 14.9 ± 11.8 �22.4 (�20.5, �24.2) <0.001
TAR, level 1 (181–250 mg/dL),# % 381 26.8 ± 10.3 22.3 ± 11.7 �4.5 (�3.0, �6.1) <0.001
TIR (70–180 mg/dL),# % 417 34.2 ± 14.5 61.9 ± 13.1 27.8 (26.2, 29.4) <0.001
TBR (54–69 mg/dL),# % 411 1.8 ± 2.4 1.3 ± 1.6 �0.5 (0.2, 0.8) <0.001
TBR (<54 mg/dL),# % 397 0.37 ± 1.00 0.35 ± 0.57 �0.03 (�0.13, 0.18) 0.729
Coefficient of variation# 325 38.0 ± 6.9 35.2 ± 6.7 �2.8 (�1.9, �3.6) <0.001

Patient-reported outcome measures

Gold score 415 2.3 ± 1.4 1.9 ± 1.2 �0.4 (�0.2, �0.5) <0.001
Diabetes distress score 412 3.3 ± 1.3 2.2 ± 1.0 �1.1 (�1.0, �1.3) <0.001
Diabetes distress score (average $3),† % (n) 412 69.2 (285) 22.8 (94) �46.4 (�191) <0.001
Impaired awareness of hypoglycemia (Gold score $4), % (n) 415 16.9 (70) 9.4 (39) �7.5 (�31) <0.001

Data are mean ± SD unless otherwise indicated. TAR, time above range. *Statistical significance calculated using unpaired t tests for all covari-
ates included in this table, following assessment for skew. †Statistical significance calculated using Chi-squared tests. §Number with available
paired data at baseline and follow-up included in analysis for a given outcome; total cohort = 520. #Data derived from isCGM at baseline and
real-time CGM at follow-up.

Figure 2—Proportion of individuals achieving targets for HbA1c, GMI, TIR, and a composite out-
come of TIR and TBR at baseline and follow-up.
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There are a few other specific limita-
tions. The TIR analysis compared the data
from isCGM (FreeStyle Libre) at baseline
with real-time CGM (varied depending on
the system used) at follow-up, and accu-
racy and data capture may differ between
these devices. It should be noted that
while the sites selected for inclusion were
those with the greatest numbers of pump
users and, therefore experience, in diabe-
tes technology, many participants were ini-
tiated on HCL systems rapidly and during a
period when face-to-face visits were less
routine as services recovered from the
COVID-19 pandemic. Other than initial sup-
port in commencing the technology, cen-
ters treated this cohort of HCL users via
usual pathways. The expertise of the teams
may have contributed to the results in part,
and it will be vital to ensure that health
care professionals from smaller services are
supported in promoting, onboarding, and
managing HCL systems in the future. A
comprehensive best practice and service
delivery guide has already been developed
from our experiences in the pilot to support
teams in the further rollout of HCL (5).
This work has informed the NICE

technology appraisal of HCL technology.
Ongoing surveillance to understand longer-
term glycemic outcomes in this cohort re-
mains of interest.
In conclusion, among adults with type 1

diabetes treated with insulin pump therapy
and isCGM with a high HbA1c, commence-
ment ofHCLwas associatedwith reductions
in HbA1c levels, improved CGM-derived glu-
cose outcomes, reduced diabetes-related
distress, and improved quality of life. These
findings mirror those reported in existing
randomized controlled trial data, provide
evidence that those findings translate into a
less resourced real-world setting, and sup-
port wider access to HCL therapy in people
livingwith type 1 diabetes.
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