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Patient-reported outcomes in studies of diabetes technology:
What matters
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Abstract
In recent years, diabetes technologies have revolutionized the care of people with type
1 diabetes (T1D). Emerging evidence suggests that people with type 2 diabetes (T2D) can
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experience similar benefits from these advances in technology. While glycaemic outcomes
are often a primary focus, the lived experience of the person with diabetes is equally

Correspondence important. In this review, we describe the impact of diabetes technologies on patient-
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reported outcome measures (PROMs). We highlight that most of the published studies
investigated PROMs as secondary outcomes. Continuous glucose monitoring systems may
have an important role in improving PROMs in individuals with T1D, which may be driven
by the prevention or proactive management of hypoglycaemia. In people with T2D, con-
tinuous glucose monitoring may also have an important role in improving PROMs, particu-
larly in those treated with insulin therapy. The impact of insulin pumps on PROMs seems
positive in T1D, while there is limited evidence in T2D. Studies of hybrid closed-loop ther-
apies suggest increased treatment satisfaction, improved quality of life and decreased
diabetes-related distress in T1D, but it is unclear whether these benefits are because of a
‘class-effect’ or individual systems. We conclude that PROMs deserve a more central role

in trials and clinical practice, and we discuss directions for future research.
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INTRODUCTION with type 1 diabetes (T1D) and type 2 diabetes (T2D), respectively.>¢

As a result, most diabetes studies focus on the impact of interventions

1 |

Diabetes mellitus is a chronic condition, largely self-managed, influenc-
ing quality of life (QoL) and physical health because of the burden of
disease and the frequent decision-making needed to optimize glycae-
mia.}? The Diabetes Control and Complications Trial and the UK Pro-
spective Diabetes Study have shown the impact of improved glycaemic
control on long-term outcomes and subsequent mortality in people

Alexandros L. Liarakos and Thomas S.J. Crabtree are joint first authors.

on glycated haemoglobin (HbA1c) and, more recently, continuous glu-
cose monitoring (CGM) percentage time in the glucose range.”

The burden of living with diabetes is substantial. Many people liv-
ing with diabetes report feeling overwhelmed by the demands of diabe-
tes and/or feel like they are failing with their diabetes management.®
Determining how individuals perceive diabetes impacts them by col-
lecting data related to their symptoms, experiences, feelings and daily
functioning provides knowledge around different aspects of diabetes
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management that glycaemic outcomes are not able to cover. Patient-
reported outcome measures (PROMs) are questionnaires completed by
the person living with diabetes, allowing them to share their experi-
ences and perspectives, capturing many aspects of the lived experience
of the person with diabetes.” For example, fear of hypoglycaemia is

important.©

Hypoglycaemia is a common side effect of insulin therapy,
which can cause disabling symptoms leading to a fear of recurrence.?
It is also important to consider the impact on how the person feels
about their diabetes management. Measures of diabetes-related dis-
tress do this by exploring how overwhelmed people feel about manag-
ing their diabetes and consider whether they feel like they are failing in
their diabetes management.'® Beyond this, there are also measures of
anxiety and depression, commonly captured using tools such as the
Problem Areas in Diabetes (PAID) questionnaire.12 Finally, there are
guestionnaires that explore how satisfied people are with their glucose

monitoring and treatment.*®

Understanding these outcomes is impor-
tant. If an intervention improves glycaemic outcomes but has a nega-
tive impact on PROMs, then it is important to understand this to
inform person-centred management.'* Specifically in diabetes, evi-
dence suggests that routine assessment of PROMs can improve psy-
chosocial well-being in this population.t>1¢

Technologies, such as CGM, continuous subcutaneous insulin
infusion (CSlI) and automated insulin delivery systems, also known as
closed-loop systems, improve HbA1c in people with T1D.1”~% These
advances have revolutionized the management of T1D. Current glu-
cose monitoring technology encompasses intermittently scanned
CGM (isCGM), which involves sensors that need scanned to provide
glucose values and real-time CGM (rtCGM), which relates to sensors
displaying glucose data on a reader or mobile phone app automati-
cally, without the need for scanning. CSIl therapies, also known as
insulin pumps, deliver rapid-acting insulin throughout the day to help
manage glucose levels, while insulin boluses via the pump need to be
administered for carbohydrate intake. Closed-loop systems consist of
an rtCGM device, an insulin pump and an algorithm that computes
and regulates insulin delivery via the pump based on CGM-captured
glucose levels. Closed-loop systems include ‘hybrid’ closed-loop
(HCL) therapies, which require announcements of carbohydrates and
pump-delivered meal boluses by the user, and fully closed-loop sys-
tems, which eliminate the need for manual mealtime boluses. The
available technologies have advanced at pace. For example, when
isCGM launched in the UK in 2014, the sensor did not have glucose
alerts for high and low levels. Fast forward to 2024 and in some coun-
tries, isSCGM has now been replaced by rtCGM (without the need to
scan the sensor) and has alerts. The same is true of insulin delivery.
CSlI therapy is becoming a thing of the past as it is superseded by
HCL systems with automated insulin delivery.2° These rapid and sub-
stantial improvements in technology mean that we cannot assume
that the findings in PROMs from even 5 years ago are relevant to the
technologies available and used today.

In many countries, diabetes technologies have become the stan-
dard of care in T1D. It is becoming increasingly evident that individ-
uals with T2D can also benefit from these advances.?*~2% Most of the

studies on diabetes technologies focus on glycaemic markers as a

primary outcome, with PROMs being studied as secondary outcomes,
if included at all.2* HbA1c as the primary outcome is often driven by
the need to show the cost-effectiveness of a given intervention.
However, capturing the impact of technologies on PROMs has been
suggested to be equally important to ensure empowerment and rec-
ognition of the involvement of people with diabetes in their daily
management.‘"24

The 2022 narrative review from Speight et al.2* has been infor-
mative on the effect of glycaemic technologies on QoL and related
outcomes in adults with T1D. Diabetes technologies are rapidly
advancing, with more recent studies providing insight into the impact
of technology on patient-reported outcomes. The aim of our narrative
review is to provide an overview of the impact of device technologies
on a variety of patient-reported outcomes in people with both T1D
and T2D, including the most recently published articles in the
literature.

2 | SEARCH STRATEGY

We used the keywords ‘type 1 diabetes’, ‘type 2 diabetes’ and terms
synonymous with PROMs and technology, alone and in combination,
to retrieve available literature data from PubMed from inception until
April 2024. Keywords for PROMs included ‘patient-reported out-
comes’, ‘person-reported outcomes’, ‘Diabetes Distress Scale (DDS)’,
‘Diabetes Treatment Satisfaction Questionnaire (DTSQ)’, ‘Hospital
Anxiety and Depression Scale (HADS)’, ‘Problem Areas in Diabetes
(PAIDY, ‘EuroQoL-5 Dimensions (EQ-5D)’, ‘Hypoglycaemia Fear Sur-
vey (HFS)’, ‘Short Form 36 items (SF-36)’, ‘Patient Health Question-
naire (PHQ) and ‘quality of life (QoL)’, Keywords for technology
included ‘diabetes technology’, ‘continuous glucose monitoring’,
‘flash glucose monitoring’, ‘intermittently-scanned continuous glu-
cose monitoring’, ‘real-time continuous glucose monitoring’, ‘continu-
ous subcutaneous insulin infusion’, ‘insulin pump’, ‘closed-loop’,
‘automated insulin delivery’ and ‘artificial pancreas’.

We included randomized trials, observational studies, systematic
reviews and meta-analyses. Key randomized trials of CGM, CSIl and
HCL were included based on the size of the study population and the
number of PROMs reported. Our search strategy may have missed
studies in which PROMs were not obvious in the title and/or abstract.
Here we present the findings of some key historical publications, with
a focus on the more recent additions to the literature.

3 | CONTINUOUS GLUCOSE MONITORING

3.1 | Type 1diabetes

Several trials assessed the impact of CGM (isCGM or rtCGM) on
PROMs in people living with T1D (PwT1D). Most of these trials inves-
tigated PROMs as secondary outcomes and are therefore underpow-
ered to detect a significant difference in outcomes. The findings are

summarized in Table 1.
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3.1.1 |
monitoring

Intermittently scanned continuous glucose

The IMPACT trial?® was the first randomized controlled trial (RCT) of
isCGM in people with T1D. It showed that in those with baseline
HbA1c levels of <58 mmol/mol (7.5%), isCGM compared with self-
monitoring of blood glucose (SMBG) improved hypoglycaemia (pri-
mary outcome) and was associated with an improvement in treatment
satisfaction and perceived frequency of hyperglycaemia. There were
no between-group differences for fear of hypoglycaemia, QoL or
diabetes-related distress. In 2023, the ISCHIA Study Group?® pub-
lished their two-arm crossover randomized trial, which compared
isCGM and structured education with SMBG. While hypoglycaemia
improved, the authors found no significant difference in diabetes-
related distress or fear of hypoglycaemia between the two groups.
The 2022 FLASH-UK RCT?” compared isCGM with SMBG in
PwT1D treated with CSIl or multiple daily injections of insulin (MDI)
and showed that isCGM with optimal alarms improved HbAlc
(primary outcome) and was associated with a higher treatment and
glucose monitoring satisfaction. No significant changes in diabetes-
related distress, depression, or fear of self-injecting between the
groups were observed. After 26 weeks, the four-arm RCT?2 in PwT1D
with baseline HbAlc >53 mmol/mol (7.0%) showed that, compared
with usual care, using isCGM with automated bolus calculation
improved treatment satisfaction, psychosocial self-efficacy and QoL.
Treatment satisfaction also improved by using isCGM alone compared

with usual care.

3.1.2 | Real-time continuous glucose monitoring

The DIAMOND trial?® was a 24-week RCT assessing the impact of
rtCGM compared with usual care, with HbAlc as the primary out-
come. The authors showed that rtCGM versus SMBG improved
HbA1c and was associated with reduced diabetes-related distress and
increased confidence in managing hypoglycaemia. There were no
between-group differences in general emotional well-being, general
health status or fear of hypoglycaemia observed in the trial. The RCT
of Pratley et al.3° showed that rtCGM versus SMBG was not associ-
ated with changes in fear of hypoglycaemia, diabetes distress, hypo-
glycaemia awareness or emotional well-being. However, the GOLD
crossover trial*! showed an increase in treatment satisfaction, emo-
tional well-being and confidence in managing hypoglycaemia in
PwT1D using rtCGM compared with SMBG.

The CONCEPTT RCT3? showed the clear glycaemic benefits of
rtCGM compared with SMBG in women aged 18-40 years with T1D
who were pregnant or planning pregnancy. Although there were no
between-group differences in any PROMs at the end of the trial, there
were group x time interactions favouring CGM for fear of hypogly-
caemia and glucose monitoring satisfaction both during pregnancy
and pregnancy planning.

PwT1D are often excluded from RCTs if they have a history of
severe hypoglycaemia (SH). However, those with problematic hypo-
glycaemia are arguably the group with the most to gain from access to

rtCGM with alarms to alert them to hypoglycaemia. Some studies
evaluated the role of rtCGM in this important subgroup. The RCT of
Uduku et al.>® showed that among PwT1D, with a history of SH
requiring emergency medical services, rtCGM users reported signifi-
cantly improved treatment satisfaction at week 12 compared with
baseline, but no significant difference was observed between the
rtCGM and SMBG groups. In the IN CONTROL crossover trial,**
which involved PwT1D, treated with MDI or CSlI, and a history of
impaired awareness of hypoglycaemia (IAH), fear of hypoglycaemia
was lower in the rtCGM group compared with the SMBG group. How-
ever, no differences were observed in IAH, diabetes distress, diabetes
self-care, general emotional well-being, or health status between the
two groups. The HypoDE RCT®® assessed the impact of rtCGM in
adults with a history of IAH or SH. Hypoglycaemia improved, and
although there was a trend towards improvements in PROMs with
rtCGM compared with SMBG at 6 months, between-group differ-
ences were observed only for diabetes-related distress and satisfac-
tion with rtCGM. Similar results were shown in the HypoCOMPaSS
RCT,3¢ which assessed the impact of rtCGM versus SMBG in PwT1D
with IAH and recurrent SH episodes. The authors showed that treat-
ment satisfaction improved, and fear of hypoglycaemia decreased
across the whole cohort at 6 months and was maintained at
24 months. However, there were no between-group differences in
these PROMs, suggesting the importance of education.

The 2022 RCT by Yoo et al.®” assessed the effect of education in
rtCGM users with T1D and baseline HbA1c 53-97 mmol/mol (7.0%-
11.0%). The authors showed that rtCGM combined with education
(intervention group) was associated with significantly lower hypogly-
caemia scores and higher diabetes treatment satisfaction at week
12 compared with the control group (no education). The 2024 PACE
study>® was a crossover trial in PWT1D assessing the impact of rtCGM
with a predictive hypoglycaemia alert function on the frequency,
duration and severity of hypoglycaemia occurring during and after
regular (=150 min/week) physical activity. Contrary to what one might
imagine, the study showed that the predictive hypoglycaemia alert
function was not associated with changes in fear of hypoglycaemia or
diabetes distress; however, the low Gold score and hypoglycaemia
fear at baseline, and the low number of completed questionnaires
may have influenced the results observed.

A number of studies have compared the impact of isCGM with
rtCGM. The RCT of Reddy et al.*’ compared the effect of rtCGM
alerts versus isCGM without alerts in PwT1D with a history of IAH or
SH. The authors found that compared with isCGM, rtCGM was asso-
ciated with a significant reduction in fear of hypoglycaemia (HFS-II
total and worry subscale), but within- or between-group differences
for diabetes distress or HFS-1I behaviour subscale were not observed.
The ALERTT1 RCT*® also compared CGM with alerts with isCGM
without alerts in PwT1D. It showed that rtCGM use was associated
with a significant improvement in time in range (primary outcome) and
fear of hypoglycaemia (secondary outcome) at 6 months compared
with isCGM. Upon completion of the 6-month period, the control
group switched to rtCGM, and the intervention group continued
rtCGM up to 24 months (extension phase). The authors showed that
there were significant improvements in the fear of hypoglycaemia in
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the intervention group and control group during the extension
phase.*? The CORRIDA trial also found rtCGM to be superior to
isCGM for improving the time in range; however, no significant
changes in QoL were observed.*?> A more recent RCT of short-term
use of CGM from Gupta et al.*® did not detect any difference in QoL
when comparing rtCGM with isCGM.

Overall, CGM can have an important role in improving PROMs in
PwT1D, which may be driven by the prevention or proactive manage-
ment of hypoglycaemia. However, this needs further assessment in

trials involving PROMs as primary outcomes in the future.

3.2 | Type 2 diabetes

Similar to T1D, most clinical trials describing the impact of CGM on
PROMs in people living with T2D (PwT2D) assess these measures as
secondary outcomes, which makes the findings exploratory rather
than confirmative. Table 1 summarizes the findings of recent RCTs.

321 |
monitoring

Intermittently scanned continuous glucose

The first RCT of isCGM in people with MDI-treated T2D was
conducted by Haak et al** There was no between-group differ-
ence in HbAlc (primary outcome). However, treatment satisfaction
(secondary outcome), assessed using the diabetes treatment satis-
faction questionnaire, was higher in the isCGM group compared
with the SMBG group. One of the few trials to assess treatment
satisfaction as the primary outcome was the RCT from Yaron
et al,* which compared isCGM with SMBG in an MDI-treated
T2D population with baseline HbAlc 58-86 mmol/mol (7.5%-
10.0%). Secondary outcomes included the change in diabetes-
dependent QoL. The authors found that isCGM versus SMBG did
not lead to a significant improvement in treatment satisfaction.
However, isCGM users found the device to be more flexible and
would recommend it to their counterparts compared with SMBG.
Most other trials included PROMs as a secondary outcome. The
LIBERATES trial*® published in 2023 recruited PWT2D with a
recent myocardial infarction who were treated with insulin or gli-
clazide. There were no significant differences in treatment satisfac-
tion or QoL between isCGM and SMBG.

The effect of isCGM in non-insulin-treated T2D was assessed
in the 2020 RCT from Wada et al.*’ The authors found that isCGM
was associated with a significant improvement in treatment satis-
faction compared with SMBG. The more recent IMMEDIATE trial??
was another RCT in non-insulin-treated PwT2D, which compared
isCGM and diabetes self-management education (intervention) with
diabetes self-management education (control). At week 16, glucose
monitoring satisfaction was significantly higher in the intervention
group compared with the control group, but there were no
between-group differences in diabetes distress, diabetes medica-
tion adherence or confidence and preparedness for diabetes self-
management.

The PDF RCT? assessed the effect of isCGM and structured edu-
cation in PwT2D treated with basal insulin and/or oral glucose-
lowering therapies. A simple visual tool was utilized to assess the
impact of food on postprandial glucose (intervention) compared with
conventional diabetes care (control). The authors showed that diabe-
tes self-care increased in both groups but significantly more in the

1.48 also

intervention group. The recent 24-week RCT by Kim et a
highlighted the importance of combining isCGM with structured edu-
cation in the T2D population treated with intensive insulin therapy.
They showed that isCGM, along with structured education, was asso-
ciated with a greater improvement in treatment satisfaction compared

with SMBG and conventional education.

3.2.2 | Real-time continuous glucose monitoring

The advances in diabetes technologies over the past decade have
been substantial. An earlier RCT by Tang et al.*’ included PWT2D
treated with insulin alone or in combination with oral glucose-
lowering therapy. They assessed the impact of rtCGM on treatment
satisfaction (primary outcome). At 24 weeks, rtCGM use was associ-
ated with significantly lower overall treatment satisfaction compared
with SMBG. However, this RCT was conducted a decade ago. The
available technologies have advanced greatly during the past decade
in terms of sensor size, duration of sensor life, calibration require-
ments, reliability and accuracy. Hence, it is probable that the older
technology used in the trial may have influenced the outcomes
reported.

In contrast, a recently published 12-month RCT from the Steno
Diabetes Centre,>® which included PwT2D treated with insulin ther-
apy (21 insulin injection/day), showed that rtCGM improved glucose
time in range and was associated with greater self-rated diabetes-
related health, well-being, satisfaction and health behaviour compared
with SMBG. Similarly, the MOBILE RCT,”* which showed that rtCGM
improved HbA1c, also showed high treatment satisfaction with
rtCGM use in a basal insulin-treated T2D population over 32 weeks.
In the DIAMOND RCT,>? although rtCGM versus SMBG improved
HbAlc, rtCGM use was not associated with significant changes in
hypoglycaemia awareness, diabetes distress, fear of hypoglycaemia or
QoL in PWT2D treated with MDI. However, high satisfaction with
CGM use was reported.

There are a limited number of RCTs in the non-insulin-treated
T2D population assessing the effect of tCGM on PROMs. In the trial
of Moon et al.,>® the short-term use (1 week or 2 weeks) of rtCGM
was not associated with significant changes in diabetes management
self-efficacy, diabetes self-care or appraisal of diabetes compared with
SMBG. However, in the RCT of Cox et al.,>* the 8-week use of tCGM
versus SMBG was associated with significantly improved QolL, glucose
monitoring satisfaction and diabetes distress.

In summary, CGM may play an important role in improving
PROMs in PWT2D, particularly in those treated with insulin therapy.
Further research to investigate the impact of CGM on PROMs in the
non-insulin-treated T2D population as well as trials assessing PROMs
as a primary outcome in T2D are needed.
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4 | CONTINUOUS SUBCUTANEOUS
INSULIN INFUSION

41 | Type 1diabetes

Much of the evidence underpinning the use of CSll is historical; more
recent studies are limited because of the shift in focus towards HCL
therapy. Again, PROMs were usually included as secondary outcome
measures.

The HypoCOMPaSS trial by Little et al.,>® utilized a 24-week
2 x 2 factorial crossover RCT to assess the impact of pump therapy
versus MDI in individuals randomized to either SMBG or rtCGM on
hypoglycaemia awareness, fear of hypoglycaemia and SH. It also
assessed diabetes treatment satisfaction. Although rates of SH were
reduced and hypoglycaemia awareness was improved with the use of
CSlI (irrespective of glucose monitoring modality), this was similar
across all treatment regimens. Diabetes treatment satisfaction was,
however, highest in the CSII/rtCGM group. The REPOSE cluster RCT
of CSIl compared with MDI also described higher treatment satisfac-
tion and diabetes-specific QoL.>®

Although initially the RCT by DeVries et al.>” was intended to uti-
lize a crossover design, because of high rates of drop-out in individ-
uals initially assigned to CSIl at the crossover phase, the study
reported only outcomes from the first phase of the trial. This 16-week
RCT showed reductions in HbA1c and also assessed patient reported
outcomes via the DTSQ and Medical Outcome Study 36-item Short
Form Survey (SF-36). While no significant change in treatment satis-
faction was noted between the two groups, the CSII group experi-
enced significant improvements in the ‘general health’ sub-scores on
SF-36 in comparison with those continuing with MDI.

A 2016 online survey of 115 CSlI users noted a decrease in both
the number and severity of hypoglycaemic episodes, with no
increases in anxiety, worry or time off work.>® Notably, this survey
also highlighted potential downsides of CSII, including issues with
both insertion sites and technical issues, which require additional sup-
port from health care professionals. However, no validated metrics
were used as part of this survey. Finally, a recent observational study
assessing a tubeless pump system showed improvements in patient
reported QoL and high levels of user satisfaction in both individuals
new to CSIl and those switching from alternative tubed systems.>”

The available evidence supports that pump therapy is probably to
have a positive impact on PROMs. Because of the increase in avail-
ability and clinical usage of HCL systems, focus on research has
shifted to these systems rather than CSlI, and further work in this area

is therefore probably limited.

4.2 | Type 2 diabetes

There are multiple studies reporting PROMs in people with T2D with
CSII. RCTs comparing CSll to MDI in people with T2D have shown
improvements in HbAlc and diabetes treatment satisfaction
scores.®%? However, others have shown no significant difference in

|,62

treatment satisfaction between MDI and CSII,*“ although, again in all

of these studies, PROMs have been a secondary rather than primary
outcome, limiting the conclusions that can be drawn. The VIVID study
compared MDI versus CSIl administered U500 insulin and noted a sig-
nificantly greater Treatment Related Impact Measure for Diabetes
score in the CSII group compared with the MDI group. There were no
between group differences observed in the Treatment Related Impact
Measures for Diabetes Device scores.®>

Real-world evidence reporting PROMs in people with T2D does
exist but is again limited. The 2011 pilot cohort study by Frias et al.**
showed improvements in health-related QoL and treatment satisfac-
tion. In addition, they explored associations between glycaemic out-
comes and PROMs. They reported an association between decreased
HbA1c and improved treatment satisfaction but no other associations.
Higher time-in-range assessed by either rtCGM or SMBG was associ-
ated with improvements in both treatment satisfaction and health-
related QoL with CSll in individuals with T2D.%>

There is some evidence to support the use of CSll to improve
PROM s in individuals with T2D, including the impact on compliance
with insulin therapy. However, access to CSllI for individuals with T2D
in most health care systems is limited and, given the increasing use of
HCL therapy, it seems unlikely that exploring PROMs with CSII out-
side of HCL in individuals with T2D further will be of benefit.

5 | CLOSED-LOOP

51 | Type 1diabetes

There are multiple RCTs exploring a range of different HCL insulin
delivery systems, most of which reported a range of PROMs as a sec-
ondary outcome.®®””2 These are summarized in Table 2. Many of
these were also included in the recent network meta-analysis by
Pease et al.,”® which showed possible improvements in QoL with HCL
compared with MDI.

Within the RCTs summarized in Table 2, notable positive effects
of HCL included improvements in diabetes-related distress, hypogly-
caemic confidence and general and diabetes-related QoL. Notably,
the outcomes across trials are inconsistent, with some reporting no
change in PROMs and others reporting changes in specific subscale
scores only. It is also important to reflect that commercial HCL sys-
tems became available from 2017. As with many technologies, as the
years advance, the systems improve, and this would probably impact
the lived experience of people using the systems and the associated
PROMs. There are also differences between the HCL systems and
how these differences impact PROMs, which will need to be explored
further in future work.

In terms of system-specific insights, a small post-hoc analysis of a
Medtronic 780G RCT, including 41 individuals, noted significant
reductions in anxiety and a shift towards becoming more emotionally
aware and less self-blaming in stressful situations.”*

Some observational studies have been proven informative. Tube-
less systems were explored in a single-arm prospective cohort study
and associated with significant improvements in diabetes-related dis-
tress, hypoglycaemic confidence and diabetes treatment satisfaction
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FIGURE 1 Tools assessing patient-reported outcome measures
(see Tables 1 and 2 for definitions).

after 3 months.”® Real-world evidence from the 2021 survey of 1435
Control-1Q users by Pinsker et al., showed high levels of user satisfac-
tion, improved QoL, and ease of use across a range of metrics.”® Key
factors felt by users to contribute to this included high levels of CGM
accuracy, improved diabetes control, reduction in extreme blood glu-
cose levels and improved sleep quality.

The real-world outcomes from the NHS England closed-loop pilot
reported in 2023 showed reductions in diabetes-related distress, the
Gold Score and positive user experiences compared with previous
therapy and included a mixture of all HCL systems commercially avail-
able in the United Kingdom at the time of undertaking.*” This makes
it particularly notable for identifying a possible ‘class-effect’ rather
than the impact of a particular HCL system. The idea of a ‘class-
effect’ is also suggested by a recent multicentre prospective cohort
study by Beato-Vibora et al., which showed improvements in QolL,
treatment satisfaction and sleep from baseline in individuals com-
mencing both the Control-IQ and the Medtronic 780G systems, but
with no statistically significant difference in these between the
systems.””

Finally, PROMs were also explored in specific subgroups of adults
with T1D using HCL. The 2021 single-arm crossover study by Bisio
et al.”® showed both improvements in treatment satisfaction scores
and QoL in older adults with T1D.

While robust conclusions cannot be drawn from observational
data, there are consistencies between the randomized control trial
and real-world evidence. Overall, HCL in adults with T1D would prob-
ably improve PROMs, although further work to explore the impact of
HCL across multiple systems with different features will need to

continue.

5.2 | Type 2 diabetes

At the time of writing, there are few RCTs reporting PROMs in people
with T2D using closed-loop systems. These studies report mixed
results. One crossover study showed no improvements in PROMs,

including anxiety and depression, as measured by PAID, and hypogly-
caemia fear with a fully closed-loop compared with standard therapy,
and actually reported increases in Hypoglycaemia Worry Scores with
a closed-loop.”® A further crossover randomized study in individuals
undergoing dialysis randomized to standard care or fully closed-loop
sequentially found higher hypoglycaemic confidence in the
closed-loop phase, but no other significant differences in PROMs.° In
addition, there is a paucity of robust real-world evidence. Insulin opti-
mization remains a barrier to achieving target HbA1lc levels. Fully
closed-loop presents the opportunity to improve outcomes
with reduced reliance on health care professionals for dose optimiza-
tion given the mealtime insulin is automated, in addition to the basal.
Future studies evaluating the clinical utility of HCL in T2D should
include PROMs as part of a holistic assessment of these technologies
alongside glycaemic metrics and HbA1c. Studies to date are small and
currently access to HCL for PwT2D in most health care systems is
extremely limited. The clinical utility of automated insulin delivery in
T2D is promising but remains underexplored. The difference these
systems make to the lived experiences of PwT2D, measured using
PROMs, will be crucial in developing our understanding of the accept-

ability and impact.

6 | OTHER TECHNOLOGY

‘Do-It-Yourself’ closed-loop systems were developed just under a
decade ago by those in the diabetes community with technological
knowledge and a frustration at the lack of access to closed-loop tech-
nology. A movement referred to as #wearenotwaiting. The use of
open source ‘Do-It-Yourself® systems increased rapidly in the years
before the wider availability of commercial closed-loop systems. Early
work by the #wearenotwaiting community identified improvements in
QoL, quality of sleep and significant psychosocial benefits.2%2 Many
of these studies did not utilize validated PROMs. A more recent cross-
sectional study by Schipp et al.2% explored multiple psychosocial out-
comes and PROMs comparing open-source HCL versus non-users
and showed higher treatment satisfaction, improved sleep quality,
lower diabetes distress and lower fear of hypoglycaemia in the open-
source HCL cohort. Schipp et al. concluded that those using open-
source closed-loop systems had better psychosocial outcomes than
those not using the systems after adjusting for sociodemographic and
clinical characteristics.

Fully closed-loop insulin delivery using dual hormone systems
may also be on the horizon, but research in this area is in its infancy
and beyond the scope of this review. Work in this area should con-
sider, including PROMs, particularly in the later phases of clinical
trials.

7 | DISCUSSIONS

Understanding the impact of diabetes technologies on the lived expe-
rience of the person with diabetes is paramount. A variety of validated
PROMs are available to support us in this aim. However,
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heterogeneity in the tools used (Figure 1) to assess PROMs, their
inclusion as secondary rather than primary outcomes combined with
the rapid evolution of the available technologies presents challenges
in understanding the impact across studies and any changes or
advances in PROMs over time. Often studies examine PROMs as sec-
ondary outcomes, limiting our ability to make meaningful interpreta-
tion as the trials are not sufficiently powered to assess for changes in
these endpoints. This highlights the need for adequately powered
studies investigating PROMs as primary outcomes. To overcome the
heterogeneity in the tools used consensus from both health care pro-
fessionals and people living with diabetes on the most valuable tools
in the context of diabetes technology would be welcomed.

With the caveat of the above, the current evidence indicates that
CGM may have an important role in improving PROMs in PwT1D,
while rtCGM versus isCGM is associated with a reduced fear of hypo-
glycaemia. These benefits of CGM systems may be driven by the pre-
vention or proactive management of hypoglycaemia in a T1D
population. In PwT2D, CGM may also have an important role in
improving PROMs, particularly in those treated with insulin therapy.
CSll is associated with improved PROMs in PwT1D, with limited evi-
dence in a T2D population. HCL has been shown to have mixed out-
comes across multiple studies, which may be because of differences
between the HCL systems. Several studies of HCL recognize
increased treatment satisfaction, improved Qol, and decreased
diabetes-related distress, but it is unclear whether this is because of a
‘class-effect’ or individual systems.

While both CGM and HCL are becoming standard of care in T1D,
the role of diabetes technology, specifically CSIl and HCL, in T2D is
less certain. Given the current range and future pipeline of T2D thera-
pies, it may be that insulin use lessens over time. PwT2D may not pre-
fer technology to administer insulin (with the associated risk of
hypoglycaemia) over alternative pharmacotherapies, which have
additional benefits for cardiovascular risk, weight loss or other co-
morbidities.®4%> Looking to the future, understanding the impact of
closed-loop technology on the lived experience of people with T2D,
particularly in comparison with pharmacological treatments, will be
paramount.84®” Further insights into the impact of HCL and fully
closed-loop in PwT2D will be welcomed.

In conclusion, PROMs provide valuable insight into the impact of
diabetes technologies on people living with diabetes. However, the
range of PROMs used is broad and heterogeneous, making direct
comparisons between technologies and, over time, difficult. Going for-
ward, consensus and unity on the key PROMs to be reported in future

studies would help improve consistency and ease of interpretation.
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