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Abstract

Background: Interest is growing in how closed-loop systems can support attain-
ment of within-target glucose levels amongst pregnant women with type 1 diabe-
tes. We explored healthcare professionals’ views about how, and why, pregnant
women benefitted from using the CamAPS FX system during the AiDAPT trial.
Methods: We interviewed 19 healthcare professionals who supported women
using closed-loop during the trial. Our analysis focused on identifying descriptive
and analytical themes relevant to clinical practice.

Results: Healthcare professionals highlighted clinical and quality-of-life benefits
to using closed-loop in pregnancy; albeit, they attributed some of these to the con-
tinuous glucose monitoring component. They emphasised that the closed-loop
was not a panacea and that, to gain maximum benefit, an effective collabora-
tion between themselves, the woman and the closed-loop was needed. Optimal
performance of the technology, as they further noted, also required women to
interact with the system sufficiently, but not excessively; a requirement that they
felt some women had found challenging. Even where healthcare profession-
als felt that this balance was not achieved, they suggested that women had still
benefitted from using the system. Healthcare professionals reported difficulties

The AiDAPT Collaborative Group's membership is detailed in Appendix S1.
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1 | INTRODUCTION

For optimal obstetric and neonatal outcomes, pregnant
women with type 1 diabetes are advised to attain glu-
cose levels of 3.5-7.8 mmol/L for at least 70% of the time."
However, due to nausea, vomiting and physiological
changes resulting in increased insulin sensitivity in early
pregnancy and increased insulin resistance as pregnancy
progresses, achieving and maintaining these pregnancy
glucose targets can be challenging and psychologically
demanding.**

Interest is growing in how technology can support gly-
caemic management in pregnancy. Use of Continuous
Glucose Monitoring (CGM) has been associated with
improved antenatal glucose levels and neonatal health
outcomes,*> and CGM is now recommended for all preg-
nant women with type 1 diabetes in the UK.® Hybrid
closed-loop systems (HCL), which link CGM with insu-
lin pumps (automating delivery of basal insulin), have
also been shown to offer glycaemic and/or psychosocial
benefits to other user groups.”'* Until recently, however,
research on HCL use in pregnancy has been limited to
early-phase studies of prototype systems involving small
numbers of women."*"'® Findings have been promising,
demonstrating the safety and feasibility of HCL use by
pregnant women. Associated qualitative research has sug-
gested that the psychosocial impacts of HCL technology
use may be somewhat mixed, with women reporting both
benefits and burdens.'” To date, no studies have explored
the perspectives of healthcare professionals who have
supported pregnant women using HCL technology. This
is an important omission, as these individuals can play
key roles in determining who gets access to diabetes tech-
nologies'®'® and how these technologies are subsequently
experienced and used.”?!

The AiDAPT trial is an open-label, multi-centre, ran-
domised two-arm trial comparing HCL with standard in-
sulin delivery in pregnant women with type 1 diabetes.*

predicting how specific women would engage with the technology. In light of
their trial experiences, healthcare professionals favoured an inclusive approach
to closed-loop rollout in routine clinical care.

Conclusions: Healthcare professionals recommended that closed-loop systems
be offered to all pregnant women with type 1 diabetes in the future. Presenting
closed-loop systems to pregnant women and healthcare teams as one pillar of a
three-party collaboration may help promote optimal use.

closed-loop system, continuous glucose monitoring, qualitative research, healthcare
professionals, pregnancy, technology, type 1 diabetes

Novelty Statement

« This is the first study to consult healthcare pro-
fessionals with direct (>6 months) experience
of supporting closed-loop use in pregnancy.

« Healthcare professionals perceived closed-
loop as conferring clinical and quality-of-life
benefits.

« They observed that, to gain maximum benefit,
an effective, three-way collaboration between
themselves, the woman and the closed-loop
was needed.

« They suggested that, ideally, women should
interact with the system sufficiently but not
excessively; however, even when this did not
happen, they still felt women benefitted from
using closed-loop.

« As they experienced difficulties determining
how specific women would engage with the
technology, they favoured an inclusive ap-
proach to closed-loop rollout.

As part of a broader evaluation which included explo-
ration of women's perspectives and experiences (forth-
coming), we conducted interviews with healthcare
professionals who provided care and support to preg-
nant women using the HCL during the trial. Key aims
of the interview study were to explore healthcare profes-
sionals’ views about: how and why pregnant women can
benefit from HCL use; who benefits (most) from using a
HCL and why; and who should be prioritised for use of
the technology. Our objectives were to provide recom-
mendations to inform decisions about rollout and use
of HCL technology amongst pregnant women in routine
clinical care.
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2 | METHODS

2.1 | Overview

We conducted in-depth interviews, enabling healthcare
professionals to raise issues they considered salient, in-
cluding those unforeseen at the trial outset. Our orien-
tation was inductive, and we took an iterative approach
to data collection and analysis. Our approach to report-
ing (of both methods and findings) has been informed by
the consolidated criteria for reporting qualitative studies
(COREQ).” Research Ethics (18/EE/0084) and govern-
ance approvals were obtained in conjunction with approv-
als for the wider trial.

2.2 | Setting/context

The AiDAPT trial (ISRCTN: 56898625) was conducted in
the UK between 2019 and 2022.* Eligibility criteria in-
cluded having an HbAlc level of 248 mmol/mol (26.5%)
at booking (first antenatal contact) and <86 mmol/mol
(£10%) at randomization, plus a willingness to use the
study devices. More information on the HCL used (the
CamAPS FX system) and its distinctive features is pro-
vided in Box 1. Women used the HCL for approximately
24 weeks of their pregnancy (weeks 13-37). The trial re-
cruited 124 women, of whom 61 were randomized to
HCL; staff reports indicate three women chose to discon-
tinue HCL in the first few weeks of use.

Healthcare professionals delivering the trial had ex-
perience of working with pregnant women with type
1 diabetes and received training in use of the HCL and
constituent devices. As well as delivering the trial, these
individuals provided women's routine clinical care. Trial
participants received the same type and frequency of clin-
ical contacts as was given to pregnant women in routine
clinical care. This typically comprised weekly/fortnightly
(face-to-face or virtual) appointments to assess and opti-
mise glucose levels and provide education, information
and other (e.g., psychological) support.

2.3 | Participants and recruitment

We recruited healthcare professionals from eight sites,
after they had >6 months' experience supporting women
using the HCL. We targeted individuals at each site who
were heavily involved in providing HCL care and support
to women, and sampled purposively to ensure diversity
with respect to different grades and types of staff across the
sites. Recruitment continued until we reached data satu-
ration (where additional data did not add to our findings).

DIABETIC B

BOX1 The CamAPS FX system.

The CamAPS FX system links real-time CGM
technology, the Dexcom G6 (Dexcom, San Diego,
CA, USA), with an insulin pump, the DANA
RS (Sooil, Seoul, South Korea) via a control al-
gorithm, the CamAPS FX app (CamDiab,
Cambridge, UK), hosted on an unlocked Android
smartphone (Galaxy S, Samsung, South Korea)
running Android 8 OS or above.

The app/smartphone communicates wirelessly
with both the CGM sensor and insulin pump,
subject to being kept within 5-10 metres range of
those devices. It uses CGM sensor data to direct
(basal/background) insulin delivery via the pump,
adjusting this automatically every 8-12minutes.
Users need to administer pre-meal insulin bo-
luses, via the app.

The app is also used to: (1) set personal glucose
targets, typically 5.5mmol/L in early pregnancy
and 5.0mmol/L after 14-16weeks, consistent
with achieving and maintaining pregnancy glu-
cose targets; (2) temporarily increase or decrease
(using ‘Boost’ or ‘Ease-off settings) the rate of
automated insulin delivery by ~33%, determined
using real-time CGM data. Participants received
advice during closed-loop training about when
they might use these functions, and to use them
at their discretion and/or following input from
healthcare professionals; (3) personalise alarms
alerting users to high/low glucose levels; and, (4)
view data including CGM glucose levels, rate of
insulin delivery and summary statistics. The app
automatically uploads this data to the Diasend
platform (Glooko/Diasend, Gd&teborg, Sweden),
enabling data-sharing with healthcare profession-
als and supporting remote monitoring throughout
pregnancy.

2.4 | Data collection

Telephone interviews lasting 1-2 h were conducted by
DR—a non-clinical researcher with extensive experience
of qualitative research—between June 2021 and April
2022. Interviews were informed by a topic guide (see Box 2)
developed in light of earlier research exploring healthcare
professionals’ views about HCL use'®** and with input
from clinical colleagues. We revised the guide, between in-
terviews, in response to emergent findings. All interviews
were digitally recorded and transcribed verbatim.
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BOX 2 Main topics explored in interviews
(relevant to the analysis).

« Interviewee's clinical background, current role
and experience supporting people (including
pregnant women) with type 1 diabetes.

« Experiences of: supporting pregnant women

using CGM or flash monitoring technology; re-

mote monitoring in routine (pregnancy) care;
supporting women using HCL systems other
than the CamAPS FX.

Views on the challenges and burdens of manag-

ing type 1 diabetes in pregnancy.

« Experiences of recruiting into the AiIDAPT trial;
views about women who declined to take part
or withdrew from the trial.

 Views about: the impact of the HCL system on
women's diabetes self-management practices;
the benefits and drawbacks of women using
HCL technology compared to other regimens
(e.g., pump and multiple daily injections).

 Perspectives on women's: engagement with
data; use of ‘Ease-off’ and ‘Boost’ features; ad-
ministration of correction doses.

« Experiences of: providing pregnancy-related
support and helping adjust settings/ratios for
women using a HCL system; having remote ac-
cess to women's real-time data (e.g., perceived
advantages/disadvantages).

« Experiences of contact initiated by women seek-
ing support/input to optimise glucose levels.

« Views about: which types of women did (and
did not) gain clinical benefit from using the
HCL; reasons why women did more or less well
than expected when using the HCL.

« Views about who should be given access to HCL
technology in routine care.

2.5 | Data analysis

Data analysis focused on identifying descriptive and ana-
lytical themes® with relevance to clinical practice. Hence,
the work was guided by both a priori and emergent in-
terests. Three experienced qualitative researchers (JL, DR
and RIH) were involved in the analysis, which entailed
reading transcripts repeatedly and using the method of
‘constant comparison’®® to identify initial, cross-cutting
themes. A coding frame was then developed to capture
these themes and associated data. We used the qualitative
software package Nvivo 11 (QSR International) to facilitate
data coding and retrieval. Coded datasets were subjected

to further in-depth analyses to inform identification of
sub-themes and illustrative quotations. Throughout the
analytical process, team members reviewed data indepen-
dently and wrote separate analytical reports before meet-
ing to discuss their interpretations and reach agreement
on key themes.

3 | RESULTS

We interviewed 19/22 healthcare professionals responsible
for providing care and support to women using HCL during
the trial (see Table 1 for further information about the sam-
ple). In aggregate, these individuals had supported approxi-
mately two-thirds of women using HCL during the trial.
Key themes arising from the analysis included: distinc-
tive benefits to using CGM; added benefits to using the
HCL (less work, but still work); collaboration (being) a
condition for maximum HCL benefit; and, candidacy and
(difficulties) predicting who gains (most) benefit from
HCL use. These themes (and associated sub-themes) are
reported below, before we consider healthcare profes-
sionals’ views about who should be encouraged to use an
HCL in routine clinical care. As interviewees' perspec-
tives on these topics were broadly consistent, we have

TABLE 1 Characteristics of the sample.

N (%)*

AiDAPT sites (n = 8)

Total number of interviewees 19

Interviewees per site: range (mode) 1-4(3)
Role

Diabetes Consultants/doctors 11 (57.9)

Nurse Consultants 2(10.5)

Diabetes Specialist Nurses 4(21.1)

Dietitian 1(5.3)

Diabetes Specialist Midwife 1(5.3)
Years of diabetes experience

5-10years 4(21.1)

10-20years 5(26.3)

>20years 10 (2.6)
Interviewees with previous experience 12 (63.2)

supporting HCL users (during trials or in
routine care)

Gender

Female 16 (84.2)

Male 3(15.8)
Age in years: mean, SD (range) 48.7+7.1

(33-60)

“Percentages may not sum to 100% due to rounding.
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not separated out our reporting according to their clinical
role/background.

3.1 | Distinctive benefits to using CGM

Interviewees described wide-ranging clinical and quality-
of-life benefits arising from HCL use in pregnancy. In
doing so, however, they highlighted benefits attributable
to using CGM rather than HCL technology per se. Several
described CGM as being the “game-changer” (HP-001, HP-
003, HP-011) in (type 1) diabetes pregnancy management.
As well as providing women and themselves with better in-
formation to inform diabetes management decisions (e.g.,
dietary choices, titration of insulin doses) (see Table 2),
interviewees reported how, by alerting women to out-of-
range glucose levels, CGM helped them feel more confi-
dent working towards tight(er) pregnancy glucose targets:

“I think the CGM's made such a difference to
people in preventing hypos... and that means
that we can be a bit more aggressive with the
insulin changes, because you're less worried
about hypos, particularly in the first trimester
that are a real concern.”

(HP-002)

Interviewees also noted, however, how some women
had found having access to a constant stream of data
overwhelming, with awareness of out-of-range readings
heightening their anxiety and sometimes causing unwar-
ranted distress (see Table 2).

3.2 | Added benefits to using the HCL:
less work but still work

Interviewees observed how the HCL provided additional
benefits, by taking on (some of) the work of diabetes man-
agement (see Table 2). Specifically, they praised the HCL
for handling (automating) administration of basal insulin,
delivering this predictively, based on algorithmic learn-
ing, and in response to CGM information, with the goal
of keeping glucose levels as close as possible to personal/
user-specified targets:

“I think it's really great in pregnancy, because
it fulfils that really unique role, where things
change on a day-to-day, or week-to-week
basis ... having a little bit taken over and au-
tomated, so the women don't have to think
about it, and worry about it, makes a huge
difference.”

(HP-018)

DIABETIC B

“it seems to just take away the complexities
of the hour-to-hour glucose management
that we, that often women struggle with ...
the closed-loop takes some of that pressure
away.”

(HP-007)

In addition, some described how knowing that the HCL
would suspend basal insulin delivery if glucose fell below a
specified threshold alleviated women's worries about hypo-
glycaemia and reduced the psychological burden of diabetes:

“it does improve ... quality of life in preg-
nancy, it's one less thing for them to have to
worry about. Well, they still worry about it,
but not as intently.”

(HP-019)

Importantly, however, interviewees stressed that the
HCL was not a panacea, and to gain maximum glycaemic
benefit, a lot of work was still required:

“you still have to do stuff to really get the ...
extraordinary control that is possible ... it's
definitely not just plug it in and leave it... it's
the Aston Martin of the pump world, but you
still need someone to drive it.”

(HP-004)

3.3 | Collaboration: a condition for
maximum HCL benefit

Interviewees noted how achieving maximum benefit was
contingent upon establishment of an effective three-way
collaboration involving the healthcare team, women and
the HCL. Reflecting on their own role in this partnership,
interviewees stressed the healthcare team's responsibility
to provide women with comprehensive support:

“if we're going to look at offering these sys-
tems more widely, (we) would have to offer
the package ... it isn't just, you know, plug
in and play. You don't just say, ‘Here you go,
here's a pump and the app, and bye-bye’. You
have to give them that support.”

(HP-010)

They described how this support package typically in-
cluded: pregnancy-specific diabetes-management advice;
information about different features of the HCL, e.g.,
when and how to use the ‘Boost’ and ‘Ease-Off” functions
(see Table 2), how to access and interpret data displayed
in the app and on Diasend (Glooko/Diasend, Goteborg,
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Sweden); and, regular review and updating of certain set-
tings, in particular meal-time insulin-to-carbohydrate ra-
tios (ICR).

Turning to women's role, interviewees emphasised
the importance of them, firstly, engaging with their clin-
ical team (e.g., by attending appointments and following
instructions and advice to alter meal-time ICR), and,
secondly, with the healthcare team's support, creating
conditions under which the HCL could perform optimally.
The latter, they suggested, required women to attend care-
fully to dietary choices, count carbohydrates accurately,
and administer accurate pre-meal boluses at the correct
times:

“I try to stress to them that ... to get the most
out of using closed-loop, it's almost like when
... they first started taking insulin and they
were very careful about the timings of it, and
careful about their eating, that the closed-loop
will work best under those sort of scenarios.”

(HP-014)

Interviewees further observed how effective collabora-
tion with the HCL involved women interacting with the sys-
tem appropriately - that is, sufficiently, but not excessively
(see Table 2). This, as they suggested, required women to
know and understand when it was helpful to intervene (for
instance, by using the ‘Boost’ function) and when to allow
the HCL to operate automatically. Indeed, some suggested
that effective HCL use required women to tread a delicate
line between retaining and delegating glycaemic manage-
ment tasks to the HCL:

“I think probably the optimal psychological
approach is to trust the system enough. So it's
being a bit relaxed about the diabetes, but not
too relaxed. And that's a really difficult bal-
ance. So not interfering with it too much, let-
ting it get on and do its thing. But still being
very engaged with your diabetes to make sure
you're giving the boluses and all those kind
of things.”

(HP-003)

3.4 | Respecting the role of the HCL and
trusting it to do its job

While interviewees suggested that entrusting glycaemic
management to the system could present difficulties for
any user, they noted that the high-stakes nature of dia-
betes management in pregnancy could amplify this chal-
lenge (see Table 2). In doing so, they pointed to examples

DIABETIC B

where women who had worked very hard to achieve tar-
get glucose levels prior to the trial had found it particu-
larly psychologically challenging to delegate tasks such as
the administration of basal insulin to the HCL:

“Some women ... they're so used to doing ev-

erything themselves ... (that) they aren't able

to give up that part.”

(HP-018)

They further reported how such women had sometimes
intervened in ways that may have impeded the system'’s
functioning or algorithmic learning; for example, by con-
stantly making adjustments, or overriding the system,
through excessive use of corrective doses or the ‘Boost’
function (see Table 2). Interviewees also reported having
had to work hard to address these women's anxieties and
concerns; and, how their efforts to counsel and reassure
them had sometimes been unsuccessful. Specifically,
some interviewees pointed to examples where a few
women had discontinued HCL early on in the trial, due to
their difficulties delegating glycaemic management tasks
to the system:

“we did have one participant who withdrew ...

because she couldn't tinker with it essentially.

Because she wanted to be able to influence it

... She just felt uncomfortable ... She liked to

be able to give extra boluses, and adjust more

things than she could.”

(HP-003)

Such women, as interviewees further noted, had been used
“to having tight glucose levels” (HP-017) and had felt that
the algorithm had not been “as aggressive as [they] would
have liked” (HP-07).

3.5 | Candidacy and (difficulties)
predicting who gains greatest benefit

Interviewees expressed the view that all women who used
the HCL during the trial (excepting those who withdrew)
experienced some clinical (e.g., increased time-in-range)
and/or quality-of-life benefits (e.g., less work, fewer wor-
ries, better sleep):

“the overwhelming theme is that everyone
does better with it, than without. Like defi-
nitely, a hundred per cent.”

(HP-005)

This, they suggested, applied even to those women who
they perceived to have struggled to consistently implement
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management practices supportive of optimal closed-loop
performance:

“one of our patients ... it all looked pretty hap-
hazard, (and) we had to keep reminding our-
selves that before she went on to closed-loop
she was 40% in target. And when she went on
the closed-loop, she was 60% in target. So ...
significant improvement.”

(HP-009)

Indeed, interviewees surmised that some such women had
benefitted not only because the HCL had relieved them of
responsibility for basal insulin administration, but also be-
cause it had reduced the detrimental impacts of, for exam-
ple, not administering bolus doses correctly:

“We had one of our very early participants
and I think she probably didn't use it that
well, and I think possibly had she not had
the closed-loop, she would have [had] a very
different outcome. Because it did pick up all
the rubbish of her not correcting properly or
not injecting, not carb counting, erratic eating
patterns. And I think the closed-loop really
softened that blow.”

(HP-019)

Interviewees stressed, however, that while the HCL
could compensate for small lapses or errors (e.g., by ramp-
ing up basal insulin delivery in response to rising glucose
levels), it was unable to offset fully missed, mis-timed, or
miscalculated boluses (see Table 2).

3.5.1 | Difficulties predicting who
would benefit

Due to pressures to meet trial recruitment targets, most
interviewees described taking an inclusive approach to re-
cruitment, including inviting women who they felt might
struggle to use diabetes technology:

“we didn't want to prejudge who would be

suitable for it... we thought, ‘we're gonna ask

everybody who meet these [inclusion] crite-

ria’ rather than thinking ‘oh well they're not

good with technology, we better not’.”

(HP-016)

Reflecting on their experiences of supporting such women
during the trial, they pointed to examples where their pre-
conceived ideas about how effectively specific women
would work with the HCL had been challenged. Some

described being reasonably confident that they could predict
who would “over-engage” (HP-015) with the HCL (typically,
women who had micro-managed their diabetes before the
trial). However, most described finding it harder to second-
guess which women would under-engage, with some noting
that pregnancy itself could change behaviour radically:

“there was one woman in particular who

was pretty hopeless at looking after diabetes

outside of pregnancy and has done very, very

well... We thought, ‘Should we be putting her

in the trial?” We did, because she met the cri-

teria. And we were slightly nervous, thinking,

‘Well, this could be a disaster, maybe she'll

just get frustrated and pull out of the trial’...

But no, she didn't.”

(HP-009)

Interviewees surmised that women, such as the one de-
scribed above, had engaged with the technology, and bene-
fited from it, as it automated some of the tasks women had
previously struggled to undertake (such as checking and
correcting high glucose). Indeed, a few suggested that HCL
provisioning could make constituent technologies, in par-
ticular insulin pumps, more accessible to a wider group of
women:

“it's certainly easier having a woman on closed-
loop, than it is having a woman on a pump sep-
arately, because ... you have to know a lot more
about pumps ... to make them work, than you
do about a pump used in a closed-loop system.
So, if people are worried about insulin pumps,
then actually closed-loop is easier, and safer,
than a pump used in a stand-alone system.”
(HP-003)

3.52 | Useof HCL systems in routine
clinical care

Given their perception that virtually all women ben-
efited from using the HCL, and the difficulties predict-
ing how individuals would engage with the technology,
most interviewees suggested that all pregnant women be
given opportunities to use a HCL in routine clinical care
(see Table 2). In doing so, interviewees emphasised that
women with well-managed diabetes in early pregnancy
(such as those who did not meet trial inclusion criteria)
should also be included in clinical guidelines, because,
while they might only gain modest clinical benefits, the
technology could offer significant quality-of-life benefits:
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“Some people have very good control because
they're doing an amazing job of managing
their sugars, and actually their life could be
easier if they had this system ... you know,
some people do get up at ridiculous o'clock
to give themselves extra insulin, et cetera, et
cetera, and maintain great control that way.
And a system that would support that, with-
out their... intervention, would make their life
much easier.”

(HP-015)

However, a minority did express concerns that HCL use
in some women with well managed-diabetes who “like to
tinker with things” (HP-017) might cause some frustration
and/or anxiety (see Table 2).

In offering endorsement for an inclusive approach to
HCL rollout in pregnancy, some also suggested that where
the NHS was already funding CGM and pump technology,
the additional cost of providing access to a HCL would be
minimal, and, indeed, it would be “almost criminal” (HP-
014) not to meet this.

4 | DISCUSSION

Healthcare professionals highlighted multiple clinical
and quality-of-life benefits to using an HCL in pregnancy.
While they attributed some of these benefits to the CGM
component, they emphasised that the HCL conferred ad-
ditional benefits. Healthcare professionals noted that, to
secure maximum gains, an effective, three-way collabora-
tion between themselves, the woman and the HCL was
required. As well as emphasising their own role in this
collaboration, healthcare professionals noted that effec-
tive collaboration required women to interact with the
HCL sufficiently, but not excessively; an issue that, as
they further observed, some women had found challeng-
ing. Even when healthcare professionals felt that women
had not achieved this balance, they still highlighted some
benefits to HCL use. Some described having preconceived
ideas about how well specific women would engage with
the HCL, which were challenged during the trial. In light
of their trial experiences, healthcare professionals fa-
voured an inclusive approach to HCL rollout in routine
clinical care. It is encouraging, therefore, that since these
healthcare professionals were interviewed the National
Institute for Health and Care Excellence (NICE) has rec-
ommended HCL as an option for managing blood glucose
levels in type 1 diabetes in pregnant women.*’

According to these healthcare professionals, benefits
specific to using CGM included: provisioning of better
information to inform diabetes management decisions;

DIABETIC B

and, alarms facilitating use of tight(er) pregnancy glucose
targets (for example, by mitigating women's worries about
hypoglycaemia). Research involving other groups of CGM
users?®? has identified similar benefits. Nevertheless,
our own findings are important, since, to the best of our
knowledge, no other qualitative studies have specifically
explored CGM use in pregnancy from either healthcare
professional or user perspectives. Moreover, our find-
ings provide support for recent UK guideline recommen-
dations®™® that CGM be made available to all pregnant
women with type 1 diabetes.

Healthcare professionals viewed the HCL as conferring
additional benefits by relieving women of (some of) the
burdens of diabetes management. Their perspectives re-
flect and reinforce findings from early phase trials, which
have highlighted clinical and quality-of-life benefits."*™'
Our findings also align with those of studies exploring
the HCL experiences of other user groups.”? Notably,
however, while healthcare professionals noted the relative
ease of use of this technology (as compared to stand-alone
pumps), they emphasised that, to attain maximum bene-
fit, women still needed to undertake work, and collaborate
actively with themselves and the HCL. In particular, they
noted how women needed to know when to delegate man-
agement to the HCL and when to step in, e.g., by using the
‘Boost’ function and/or corrective doses. They also noted
how some women had struggled to maintain this division
of labour and had interacted little or too much with the
HCL.

With regard to women who they perceived to have
engaged with the HCL to a lesser extent than they would
have recommended, healthcare professionals observed
that, while not realising all the benefits the technol-
ogy offered, these women still experienced some gains.
Mirroring findings from research involving other user
groups, such benefits arose partly from the system's abil-
ity to help mitigate the effects of missed, mis-timed or
miscalculated pre-meal boluses.® Moreover, healthcare
professionals reported difficulties predicting how effec-
tively women who had previously not engaged with dia-
betes self-management would work with the HCL. This
observation echoes findings from earlier research, which
similarly highlighted healthcare professionals’ difficulties
determining who would gain (most) clinical benefit from
using insulin pumps'® and HCL."

With regard to women who were described as expe-
riencing difficulties entrusting glycaemic management
to the HCL, Kimbell et al. likewise observed how some
caregivers of very young children struggled to transition
to more passive management roles following HCL initi-
ation.”® Notably, healthcare professionals in the current
study observed that overly engaged women had often
achieved near-optimal glucose levels prior to the trial:
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there is a clear tension between this finding and the sug-
gestion most made that all women be given opportunities
to use a HCL in routine clinical care. Important questions
remain as to: whether and how such individuals might be
identified in advance; if they should then be counselled
accordingly, discouraged, or excluded from HCL use; and/
or if additional psychological support might be beneficial.

Finally, while healthcare professionals advocated for
an inclusive approach to HCL access going forward, they
emphasised that women would need a comprehensive
package of professional support. Successful rollout/wider
use of HCL technology is therefore likely to be contin-
gent on adequate training and support being provided to
healthcare professionals. Healthcare professionals’ views
about the training and support needed to support a na-
tional rollout are reported separately.*

4.1 | Strengths and limitations

This is the first study to report healthcare professionals’
experiences of supporting HCL use in pregnancy. The in-
terviews were conducted by a highly experienced quali-
tative researcher, who worked hard to develop trust and
rapport with interviewees. This led to the generation of
rich and novel insights, with clear relevance to clini-
cal practice. It is important, however, to recognise that
interviewees expressed their opinions and views in the
distinctive context of a confidential research interview.
Hence, some may have used language that differed from
that employed in their everyday clinical work. Indeed,
some of the quotes we report use language which -
taken out of context — may appear to some readers to
be judgemental and/or lacking in understanding of the
multi-faceted challenges some women experience when
managing type 1 diabetes in pregnancy. It should be
remembered that such quotes were drawn from much
longer transcripts, and it has only been possible to in-
clude material of direct relevance to our reporting in this
article. We appreciate there are limitations to presenting
quotes out of (their full) context. It is important to em-
phasise that, elsewhere in their interviews, all health-
care professionals shared experiences and perspectives
which evidenced a strong and nuanced appreciation of
the challenges involved in type 1 diabetes management
and how these could be amplified by pregnancy and
complex life circumstances.

It is also relevant to note that, as interviewees were in-
volved in a clinical trial, they may have been technology
enthusiasts; this may have been reflected in their appetite
for a national HCL rollout. Furthermore, healthcare pro-
fessionals’ accounts were informed by experiences of sup-
porting women who had chosen to participate in a clinical

trial. Encouragingly, however, the AiDAPT trial success-
fully recruited women from diverse socio-economic
groups, and this may have been reflected in the diverse
experiences of HCL use reported in this article. As women
with HbAlc levels under 48 mmol/mol were ineligible for
the trial, interviewees were unable to report experiences
of supporting HCL use in this particularly tightly man-
aged group; this may be an important group to consider
in future research.

5 | CONCLUSION

Interviewees were keen for HCL technology to be of-
fered to all pregnant women with type 1 diabetes. They
emphasised that, to gain maximum benefit, an effective,
three-way collaboration between themselves, the woman
and the HCL was needed. Presenting HCL to pregnant
women and healthcare teams as one pillar of a three-party
collaboration, and articulating the associated division of
labour, may help promote optimal use of the technology
in routine clinical care.

AUTHOR CONTRIBUTIONS

JL conceived and designed the interview study with input
from HRM. DR collected the data, which was then ana-
lysed by JL, DR, and RIH. JL conceived the concept for
this article. RIH wrote the first draft, which JL then re-
vised substantially with further input from RIH and DR.
All authors reviewed, edited, and approved the final ver-
sion of the manuscript.

ACKNOWLEDGMENTS

We are very grateful to the healthcare professionals who
made time to take part in this research and shared their
perspectives with us. We would also like to acknowledge
the contribution of Prof Fiona Denison, who was a coin-
vestigator on the AiDAPT study and supported initial
delivery of the qualitative research. Prof Denison died in
January 2022 and we miss her deeply.

FUNDING INFORMATION

This project (NIHR 16/35/01) is funded by the Efficacy
and Mechanism Evaluation (EME) Programme, an MRC
and NIHR partnership. The views expressed in this publi-
cation are those of the author(s) and not necessarily those
of the MRC, NTHR or the Department of Health and Social
Care. Additional support for the artificial pancreas work
has been provided by the National Institute for Health
Research Cambridge Biomedical Research Centre, JDRF,
and Wellcome Strategic Award (100574/Z/12/Z). Dexcom
supplied discounted continuous glucose monitoring de-
vices. Dr Tara Lee is funded by a Diabetes Research &

85U80|7 SUOWIWOD aAIe1D 3cedlidde aup Aq peusenob ae sspie YO ‘88N JO SejnJ 10y ArIqiT8uIIUO 8|1 UO (SUOTPUCD-pUR-SLUB}0D" A8 1M ATeIq 1 BUI UO//SANY) SUORIPUOD pue Swid | 8y 88S *[20z/S0/7T] uo ArigiTauluo A8 iibuy 1se3 JO AiseAluN Aq 2Z0GT8WP/TTTT 0T/I0p/L0o A8 | ARelqjeul|uo//SAny Woly papeo|umod ‘G ‘€202 ‘TerStorT



LAWTON ET AL.

Wellness Foundation Sutherland-Earl Clinical Fellowship
(reference SECF/21). Prof Rebecca M Reynolds ac-
knowledges the support of the British Heart Foundation
(RE/18/5/34216).

DATA AVAILABILITY STATEMENT

The datasets generated and analysed in the course of this
study are not publicly available due to risks to individual
privacy. However, they are available, via the correspond-
ing author, on reasonable request.

CONSENT TO PARTICIPATE AND FOR
PUBLICATION

All research participants provided written informed con-
sent including for anonymized information to be pub-
lished in this article.

CONFLICT OF INTEREST STATEMENT

SH reports: receiving speaker & advisory board fees
from Dexcom, Medtronic, Sanofi and Ypsomed; and
being Director of ASK Diabetes Ltd., which receives
consulting/training fees from CamDiab Ltd. RH re-
ports: receiving speaker honoraria from Eli Lilly,
Dexcom and Novo Nordisk; receiving license and/or
consultancy fees from B. Braun and Abbott Diabetes
Care; patents related to closed-loop; and being Director
at CamDiab. HRM sits on the Medtronic European
Scientific Advisory Board and reports receiving
speaker honoraria from Dexcom, Abbott, Medtronic
and Novo Nordisk. JL, DR, TL, ARD, RMR, and RIH
have no conflicts of interest to declare.

ORCID
Julia Lawton © https://orcid.org/0000-0002-8016-7374
David Rankin ‘© https://orcid.org/0000-0002-5835-3402

Rebecca M. Reynolds © https://orcid.
org/0000-0001-6226-8270

Roman Hovorka @ https://orcid.
org/0000-0003-2901-461X

Helen R. Murphy © https://orcid.
org/0000-0001-6876-8727

Ruth I. Hart (@ https://orcid.org/0000-0003-2129-9163

REFERENCES

1. Battelino T, Danne T, Bergenstal RM, et al. Clinical targets for
continuous glucose monitoring data interpretation: recom-
mendations from the international consensus on time in range.
Diabetes Care. 2019;42(8):1593-1603.

2. Murphy HR, Bell R, Cartwright C, et al. Improved pregnancy
outcomes in women with type 1 and type 2 diabetes but sub-
stantial clinic-to-clinic variations: a prospective nationwide
study. Diabetologia. 2017;60(9):1668-1677.

3. Garcia-Patterson A, Gich I, Amini SB, Catalano PM, de Leiva
A, Corcoy R. Insulin requirements throughout pregnancy in

11.

12.

13.

14.

15.

16.

17.

DIABETIC i

women with type 1 diabetes mellitus: three changes of direc-
tion. Diabetologia. 2010;53(3):446-451.

Murphy HR, Rayman G, Lewis K, et al. Effectiveness of con-
tinuous glucose monitoring in pregnant women with diabetes:
randomised clinical trial. BMJ. 2008;337:21680.

Feig DS, Donovan LE, Corcoy R, et al. Continuous glucose mon-
itoring in pregnant women with type 1 diabetes (CONCEPTT):
a multicentre international randomised controlled trial. Lancet.
2017;390(10110):2347-2359.

National Institute of Health and Care Excellence (NICE).
Diabetes in pregnancy: management from preconception to the
postnatal period (NG3). NICE. 2015. Accessed 25 August 22.
https://www.nice.org.uk/guidance/ng3/resources/diabetes-in-
pregnancy-management-from-preconception-to-the-postnatal-
period-pdf-51038446021

Health Technology Wales. Health Technology Wales (HTW)
Guidance 012 (September 2019): Continuous glucose monitor-
ing in pregnant women with type 1 diabetes. 2019. Accessed
12 July 22. https://healthtechnology.wales/wp-content/uploa
ds/2019/10/GUI012-Continuous-glucose-monitoring-in-pregn
ant-women-with-type-1-diabetes-English-3.pdf

Scottish Health Technology Group. Continuous glucose monitor-
ing in pregnant women with type 1 diabetes (SHTG Adaptation
01 November 2020). 2020. Accessed 12 July 22. https://shtg.
scot/our-advice/continuous-glucose-monitoring-in-pregnant-
women-with-type-1-diabetes/

Weisman A, Bai JW, Cardinez M, Kramer CK, Perkins BA.
Effect of artificial pancreas systems on glycaemic control in
patients with type 1 diabetes: a systematic review and meta-
analysis of outpatient randomised controlled trials. Lancet
Diabetes Endocrinol. 2017;5(7):501-512.

Bekiari E, Kitsios K, Thabit H, et al. Artificial pancreas treat-
ment for outpatients with type 1 diabetes: systematic review
and meta-analysis. BMJ. 2018;361:k1310.

Lawton J, Blackburn M, Rankin D, et al. Participants’ expe-
riences of, and views about, daytime use of a day-and-night
hybrid closed-loop system in real life settings: longitudinal
qualitative study. Diabetes Technol Ther. 20192;21(3):119-127.
Rankin D, Kimbell B, Hovorka R, Lawton J. Adolescents’ and
their parents' experiences of using a closed-loop system to man-
age type 1 diabetes in everyday life: qualitative study. Chronic
Illn. 2021;18(4):742-756. (Online ahead of print).

Murphy HR, Elleri D, Allen JM, et al. Closed-loop insulin deliv-
ery during pregnancy complicated by type 1 diabetes. Diabetes
Care. 2011a;34(2):406-411.

Murphy HR, R, Kumareswaran K, Elleri D, Allen JM, Caldwell
K, Biagioni M, Simmons D, Dunger DB, Nodale M, Wilinska
ME, Amiel SA, Hovorka R Safety and efficacy of 24-h closed-
loop insulin delivery in well-controlled pregnant women with
type 1 diabetes: a randomized crossover case series. Diabetes
Care 2011b; 34(12): 2527-2529.

Stewart ZA, Wilinska ME, Hartnell S, et al. Closed-loop insulin
delivery during pregnancy in women with type 1 diabetes. N
Engl J Med. 2016;375(7):644-654.

Stewart ZA, Wilinska ME, Hartnell S, et al. Day-and-night
closed-loop insulin delivery in a broad population of pregnant
women with type 1 diabetes: a randomized controlled crossover
trial. Diabetes Care. 2018;41(7):1391-1399.

Farrington C, Stewart Z, Hovorka R, Murphy H. Women's

experiences  of  day-and-night  closed-loop  insulin

85U80|7 SUOWIWOD aAIe1D 3cedlidde aup Aq peusenob ae sspie YO ‘88N JO SejnJ 10y ArIqiT8uIIUO 8|1 UO (SUOTPUCD-pUR-SLUB}0D" A8 1M ATeIq 1 BUI UO//SANY) SUORIPUOD pue Swid | 8y 88S *[20z/S0/7T] uo ArigiTauluo A8 iibuy 1se3 JO AiseAluN Aq 2Z0GT8WP/TTTT 0T/I0p/L0o A8 | ARelqjeul|uo//SAny Woly papeo|umod ‘G ‘€202 ‘TerStorT


https://orcid.org/0000-0002-8016-7374
https://orcid.org/0000-0002-8016-7374
https://orcid.org/0000-0002-5835-3402
https://orcid.org/0000-0002-5835-3402
https://orcid.org/0000-0001-6226-8270
https://orcid.org/0000-0001-6226-8270
https://orcid.org/0000-0001-6226-8270
https://orcid.org/0000-0003-2901-461X
https://orcid.org/0000-0003-2901-461X
https://orcid.org/0000-0003-2901-461X
https://orcid.org/0000-0001-6876-8727
https://orcid.org/0000-0001-6876-8727
https://orcid.org/0000-0001-6876-8727
https://orcid.org/0000-0003-2129-9163
https://orcid.org/0000-0003-2129-9163
https://www.nice.org.uk/guidance/ng3/resources/diabetes-in-pregnancy-management-from-preconception-to-the-postnatal-period-pdf-51038446021
https://www.nice.org.uk/guidance/ng3/resources/diabetes-in-pregnancy-management-from-preconception-to-the-postnatal-period-pdf-51038446021
https://www.nice.org.uk/guidance/ng3/resources/diabetes-in-pregnancy-management-from-preconception-to-the-postnatal-period-pdf-51038446021
https://healthtechnology.wales/wp-content/uploads/2019/10/GUI012-Continuous-glucose-monitoring-in-pregnant-women-with-type-1-diabetes-English-3.pdf
https://healthtechnology.wales/wp-content/uploads/2019/10/GUI012-Continuous-glucose-monitoring-in-pregnant-women-with-type-1-diabetes-English-3.pdf
https://healthtechnology.wales/wp-content/uploads/2019/10/GUI012-Continuous-glucose-monitoring-in-pregnant-women-with-type-1-diabetes-English-3.pdf
https://shtg.scot/our-advice/continuous-glucose-monitoring-in-pregnant-women-with-type-1-diabetes/
https://shtg.scot/our-advice/continuous-glucose-monitoring-in-pregnant-women-with-type-1-diabetes/
https://shtg.scot/our-advice/continuous-glucose-monitoring-in-pregnant-women-with-type-1-diabetes/

L2of12 | KYIN:I|le

18.
19.
20.

21.

22.
23.
24,
25.

26.

27.

LAWTON ET AL.

delivery during type 1 diabetes pregnancy. J Diabetes Sci
Technol. 2018;12(6):1125-1131.

Lawton J, Kirkham J, Rankin D, et al. Who gains clinical ben-
efit from using insulin pump therapy? A qualitative study of
the perceptions and views of health professionals involved in
the REPOSE (Relative Effectiveness of Pumps over MDI and
Structured Education) Trial. Diabet Med. 2016;33(2):243-251.
Lawton J, Kimbell B, Rankin D, et al. Health professionals’
views about who would benefit from using a closed-loop sys-
tem: qualitative study. Diabet Med. 2020;37(6):1030-1037.
James S, Perry L, Gallagher R, Lowe J. Diabetes educators:
perceived experiences, supports and barriers to use of com-
mon diabetes-related technologies. J Diabetes Sci Technol.
2016;10(5):1115-1121.

Farrington C. Access to diabetes technology: the role of clini-
cian attitudes. Lancet Diabetes Endocrinol. 2018;6:15.

Lee TM, Collett C, Man M-S, et al. AIDAPT: automated insu-
lin delivery amongst pregnant women with type 1 diabetes: a
multicentre randomized controlled trial — study protocol. BMC
Pregnancy Childbirth. 2022;22:282.

Tong A, Sainsbury S, Craig J. Consolidated criteria for report-
ing qualitative research (COREQ): a 32-item checklist for in-
terviews and focus groups. International J Qual Health Care.
2007;19(6):349-357.

Kimbell B, Rankin D, Ashcroft NL, et al. What training, support
and resourcing do health professionals need to support peo-
ple using a closed-loop system? A qualitative interview study
with health professionals involved in the Closed Loop from
Onset in type 1 Diabetes (CLOuD) trial. Diabetes Technol Ther.
2020;22(6):468-475.

Braun V, Clarke V. Using thematic analysis in psychology. Qual
Res Psychol. 2006;3(2):77-101.

Strauss A, Corbin J. Basics of qualitative research: grounded the-
ory procedures and techniques. Sage; 1990.

National Institute for Health and Care Excellence. Appraisal
consultation document: hybrid closed loop systems for manag-
ing blood glucose levels in type 1 diabetes (January 2023). 2023.
Accessed February 1, 2023. https://www.nice.org.uk/guidance/
GID-TA10845/documents/129

28.

29.

30.

31.

32.

Lawton J, Blackburn M, Allen J, et al. Patients’ and care-
givers' experiences of using continuous glucose monitoring
to support diabetes self-management. BMC Endocr Disord.
2018;18:12.

Messer LH, Johnson R, Driscoll KA, Jones J. Best friend or
spy: a qualitative meta-synthesis on the impact of continuous
glucose monitoring on life with type 1 diabetes. Diabet Med.
2018;35(4):409-418.

Lawton J, Blackburn M, Allen J, et al. The impact of using
a closed-loop system on food choices and eating practices
amongst people with type 1 diabetes: a qualitative study involv-
ing adults, teenagers and parents. Diabet Med. 2019b;36(6):75
3-760.

Kimbell B, Rankin D, Hart RI, et al. Parents' experiences of
using a hybrid closed-loop system (CamAPS FX) to care for
a very young child with type 1 diabetes: qualitative study.
Diabetes Res Clin Pract. 2022;187:109877.

Rankin D, Hart R, Kimbell B, et al. Rollout of closed-loop tech-
nology to pregnant women with type 1 diabetes: healthcare
professionals’ views about potential challenges and solutions.
Diabetes Technol Ther. 2023. doi:10.1089/dia.2022.0479 Online
ahead of print.

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Lawton J, Rankin D,
Hartnell S, et al. Healthcare professionals’ views
about how pregnant women can benefit from using
a closed-loop system: Qualitative study. Diabet

Med. 2023;40:15072. d0i:10.1111/dme.15072

85U80|7 SUOWIWOD aAIe1D 3cedlidde aup Aq peusenob ae sspie YO ‘88N JO SejnJ 10y ArIqiT8uIIUO 8|1 UO (SUOTPUCD-pUR-SLUB}0D" A8 1M ATeIq 1 BUI UO//SANY) SUORIPUOD pue Swid | 8y 88S *[20z/S0/7T] uo ArigiTauluo A8 iibuy 1se3 JO AiseAluN Aq 2Z0GT8WP/TTTT 0T/I0p/L0o A8 | ARelqjeul|uo//SAny Woly papeo|umod ‘G ‘€202 ‘TerStorT


https://www.nice.org.uk/guidance/GID-TA10845/documents/129
https://www.nice.org.uk/guidance/GID-TA10845/documents/129
https://doi.org//10.1089/dia.2022.0479
https://doi.org/10.1111/dme.15072

	Healthcare professionals' views about how pregnant women can benefit from using a closed-­loop system: Qualitative study
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Overview
	2.2|Setting/context
	2.3|Participants and recruitment
	2.4|Data collection
	2.5|Data analysis

	3|RESULTS
	3.1|Distinctive benefits to using CGM
	3.2|Added benefits to using the HCL: less work but still work
	3.3|Collaboration: a condition for maximum HCL benefit
	3.4|Respecting the role of the HCL and trusting it to do its job
	3.5|Candidacy and (difficulties) predicting who gains greatest benefit
	3.5.1|Difficulties predicting who would benefit
	3.5.2|Use of HCL systems in routine clinical care


	4|DISCUSSION
	4.1|Strengths and limitations

	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	DATA AVAILABILITY STATEMENT

	CONSENT TO PARTICIPATE AND FOR PUBLICATION
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


