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1 | INTRODUCTION

Hybrid closed loop (HCL) systems, adjust insulin delivery
in response to continuous glucose monitoring (CGM) data
using specific control algorithms, but still, require user-
initiated prandial insulin doses.

Clear benefits of HCL on glycaemic outcomes have been
reported for children and adolescents with type 1 diabetes
(T1D),>* although the impact of these systems on psycho-
social outcomes in youth and their families is less studied,
and primarily explored as secondary outcomes in studies
testing HCL efficacy and safety. This might reflect under-
estimation of the importance of psychological outcomes or
difficulties in assessing qualitative outcomes, which require
validated questionnaires and/or semi-structured interviews
to explore this complex and sometimes ambivalent area.*™®

Recently, there has been growing interest in including
psychosocial assessments and Person-reported Outcomes
(PROs) when evaluating new technologies."” The impact of
HCL systems on children’s burden and emotional well-being,
fear of hypoglycemia, quality of life (QoL) and satisfaction are
key PROs to consider,® given that the success of new diabetes
technologies depend on their appropriate use and identifica-
tion of related burden and barriers to avoid HCL discontinua-
tion, which among youths has been reported in up to 30%.”™

The impact of HCL systems on psychological outcomes
has been summarized by two previous systematic reviews
analyzing studies published during the first years follow-
ing the availability of first-generation HCL, but not includ-
ing any studies on second-generation HCL.>'' In 2015,
Barnard et al'! reviewed 92 publications and only 9 studies
met inclusion criteria for analysis and only 3 were related
to HCL systems in children or adults.>'*"* Farrington et al’
critically reviewed three studies on psychological outcomes
in children and adults using HCL. More recently, Papadakis
et al.* systematically reviewed 686 abstracts on diabetes
technology and among the included 56 studies, only 7 ex-
plored the psychological benefits of HCL in youths.

The aim of this systematic literature review is to pro-
vide an up-to-date summary of the impact of HCL on psy-
chological outcomes in youths with T1D and their parents.

2 | MATERIALS AND METHODS

2.1 | Search strategy

We searched electronic databases (Pubmed, EMBASE,
The Cochrane Library, Web of Science, Clinicaltrial.gov,
International Clinical Trials Registry Platform) for stud-
ies published between 1 November 2012 and 1 November
2022. Search terms or “MESH” (MEdical Subject Headings)
for this systematic review included different combinations:

What's new?

« The impact of commercially available first-
generation hybrid closed loop (HCL) systems
on Person-reported Outcomes (PROs) in youths
with T1D and their parents have been assessed
in a few studies, reporting either positive find-
ings or no changes.

« Studies on first- and second-generation HCL
systems led to better, or in some studies, un-
changed PROs, and this systematic review re-
ports both benefits and burdens. However, there
are inconsistencies among studies in terms of
PROs related to differences in study design and
population as well as the questionnaires used.

« It is important to appropriately educate youths
with T1D and their families, set realistic expec-
tations from the system, and provide support to
overcome barriers. There is a clear need for fu-
ture larger studies using consistently validated
methods to better assess the impact of current
and future HCL on PROs in youths with T1D
and their families.

“artificial pancreas” or “AP” or “automated insulin deliv-
ery” or “AID” or “hybrid closed loop” or “closed loop” or
“HCL” or “AHCL” AND “distress” or “burden” or “anxi-
ety” or “psychol*” or “sleep” or “quality of life” or “QoL” or
“well-being” or “fear” or “worr*” or “satisfaction.”

2.2 | Criteria for study selection

We conducted a systematic search of the literature ac-
cording to the PICOS model (Population, Intervention,
Comparison, Results and Study design):

Population Paediatric study participants (1-18 years old) with

T1D and their parents

Intervention  Use of commercially available HCL systems

Comparison  Multiple daily injections (MDI), continuous
subcutaneous insulin infusion (CSII), sensor-
augmented pump (SAP) with Low Glucose
Suspend (LGS) or Predictive Low Glucose
Suspend (PLGS) system or Before and after

HCL system application

Results Changes in diabetes distress/burden, anxiety, fear
of hypoglycaemia, sleep quality, QoL, well-

being, satisfaction

Randomized clinical trials (RCTs), observational
studies, prospective studies, cross-sectional
studies, exploratory studies, a mix of
qualitative and quantitative studies

Study design
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Inclusion criteria were (i) study population: children
and adolescents (aged 1-18years) with T1D; (ii) study
type: observational studies (cohort, cross-sectional stud-
ies), exploratory studies, a mix of qualitative and quan-
titative studies; review articles were excluded, but their
reference lists were screened to identify potentially el-
igible studies; only published full papers were included,
whereas abstracts only were not included; (iii) data on
intervention: use of commercially available HCL systems
and at least one psychological outcome analyzed; (iv) pub-
lication date: last 10years (2012-2022).

Exclusion criteria were (i) data available only for adults
>18years, (ii) case reports, (iii) studies with less than 10
pediatric participants, (iv) full paper not available, (v)
study not yet published, (vi) studies not reporting psycho-
logical outcomes, we excluded also studies assessing ex-
pectations from HCL systems in participants who had not
yet used these systems, (vii) languages other than English
were not ‘a priori’ exclusion criteria.

2.3 | Data extraction and management
Two independent investigators (EM and RF) screened for
inclusion in the title and abstract of all the studies identi-
fied, using the search strategy. Any discrepancies between
them were resolved by consensus or by consultation with
a third investigator (MLM). After abstract selection, four
investigators conducted the full paper analysis (LL, MG,
FMR and FDC).

The following characteristics were evaluated for each
study in the full paper: (i) reference details: author-
ship(s), published or unpublished, year of publication,
year in which the study was conducted, other relevant
cited papers; (ii) study characteristics: design, topic, set-
ting, treatment period, follow-up duration; (iii) popula-
tion characteristics: number of participants using HCL,
age, type of insulin therapy in the control group, HbAlc;
(iv) methodology: use of validated questionnaires and/or
semi-structured interviews, primary and secondary out-
comes, comparator (CSII, MDI or AP systems before and
after its implementation), type of HCL system and (vii)
main results: psychological outcomes.

In the grading process of the selected studies, three
main criteria were used to assess the precision of the psy-
chological outcomes: (i) at least 15 study participants (less
than 15 was reported as ‘small cohort); (ii) psychological
outcomes evaluated at least 3months after starting HCL
systems, to allow time for the technology to be embedded
in everyday life (study duration less than 3months was
considered ‘short follow-up”) and (iii) the use of validated
questionnaires accompanied by semi-structured inter-
views, where indicated.

DIABETIC B

2.4 | Assessment of the
certainty of the evidence

We used the GRADE approach (Grading of Recommenda-
tions Assessment, Development and Evaluation) to rank
the quality of evidence (www.gradeworkinggroup.org) for
the included studies. Two authors (EM and RF) indepen-
dently assessed the certainty of the evidence for each of
the outcomes. In the case of risk bias in the study design,
imprecision of estimates, inconsistency across studies, in-
directness of the evidence and publication bias, the rec-
ommended option of decreasing the level of certainty by
one or two levels according to the GRADE guidelines was
applied."* The GRADE approach results in an assessment
of the certainty of a body of evidence and allocation to one
of the four grades:

High Further research is very unlikely to change
confidence in the estimate of the effect

Moderate Further research is likely to have an important
impact on confidence in the estimate of the
effect and may change the estimate

Low Further research is very likely to have an
important impact

Very low Any estimate of the effect is very uncertain

3 | RESULTS

A total of 215 studies were identified following the lit-
erature review after duplicates were removed. After re-
viewing titles and abstracts, 140 additional records were
excluded: 15 review articles, 17 studies including only
participants older than 18years, 104 studies reporting
outcomes different from those of interest, 1 study not
available as a full paper and 3 studies with publication
period before 2012.

A total of 75 full-text manuscripts were assessed for
eligibility: after full-text examination, 44 studies were
excluded, leaving 29 studies, among which 18 on first-
generation HCL and 11 on second-generation HCL, to be
included in this systematic review. The PRISMA flow di-
agram (Figure 1) summarizes the publications screening
process. A detailed description of outcomes and related
measures used in the studies is reported in Table 1.'>1%1748
A summary of the studies included in this systematic re-
view along with the grading of evidence are reported in
Table S1 and Table 2.584041:48:51-74

Studies including 15 or more participants, with a fol-
low-up duration of at least 3months and using a validated
questionnaire + semi-structured interviews were assigned
a high-moderate grade of evidence.

510117 SUOLLILIOD SA1IE810 3 et idde a1 Aq peuienob a2 a1 WO ‘38N J0 S| 10 AIRIIT BUIIUO /3|1 O (SUOIPUOD-PUE-SUWLSY W00 A3 | A1 16U 1|uo//Sdiiu) SUOIIPUOD PLe S 18U 395 *[1202/50/+0] Lo ARIGIT2UIIUO /311 1R1IRRI0D Ad 660GTBWP/TTTT OT/I0P/00 a1 ARRiq1Bu1|UO//SANY WOl Papeolumoq ‘6 ‘€202 ‘TerararT


http://www.gradeworkinggroup.org

FRANCESCHI ET AL.

subellill DIABETIC

)
c Records identified through database searching:
2 PubMed (n=193)
é Embase (n=53), Web of Science (n=49)
'-E Cochrane Library (n=47), Clinicaltrial.gov (n=13)
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FIGURE 1 Publication selection process summarized by the PRISMA flowchart.

Studies on HCL systems with a number of participants
less than 15, or with follow-up less than 3 months or not
using validated questionnaires, were classified as being at
risk of bias in the study design and/or at risk of impre-
cision for the estimation of psychological outcomes, and
therefore the level of certainty was considered ‘low’.

Below we report the results on psychological outcomes
based on the 13 studies that were graded as moderate to
high quality-level studies, 7 on first-generation HCL and 6
on second-generation HCL; 9 studies were RCTs and 4 pro-
spective observational. In two studies, PROs were explored

as primary outcomes,””” in two other studies, there was

no clear separation between glycaemic and psychological
parameters for the definition of primary/secondary out-
comes,”®’* and in 3 studies, psychological outcomes were
included as secondary outcomes, whereas the primary
outcome was represented by glycaemic metrics.

In the studies on first-generation HCL, comparisons
were primarily made between before and after the im-
plementation of the system (2 studies)*”*® or with SAP
without LGS (4 studies).®®%%*73" In the studies on second-
generation HCL, the comparator was SAP without LGS
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TABLE 1 (Continued)

Interpretation: 1 score

Number of

Items

Self-Report or

References

indicates

Score Range

Proxy-Report

Measure

Construct

[38]

1 treatment satisfaction

0-48

8

Diabetes Treatment The Diabetes Treatment Satisfaction Questionnaire status Youth self-report Parent

self-report
Child Adolescent

(DTSQs)
DISABKIDS, items for diabetes

Satisfaction

FRANCESCHI ET AL.

[39]
[40]
[41]

28-140
38-190
38-190
6-30

28

1 technology satisfaction

38
38

Child Adolescent

Technology expectations questionnaire (TEQ)
Child

Technology

Technology acceptance questionnaire (TAQ)

Satisfaction

[42]

Adolescent Parent

Diabetes-specific Technology attitude (DSAT)

[43]

30 30-150

10

Adult Adolescent Child

Adult

Diabetes Technology Questionnaire (DTQ)

0-100 (> 68: positive

System usability scale (SUS)

response)

0-100

[45]

221721

Adult Adolescent Parent

Insulin delivery System's Perception, Ideas, Reflections

and Expectations (INSPIRE)

1 artificial pancreas [12,13,46,47]

34-100 0-90 0-266

Adult Adult Adult Adult/ 34153815

Artificial pancreas (AP) acceptance questionnaire based

Artificial pancreas

satisfaction

0-90
6-30

Children

Parent

on the Technology acceptance model (TAM)

satisfaction

[48]

Closed Loop Experience Questionnaire (not validated)

(n 2)°7% or with PLGS (n 2),°*7° whereas in one study, it
was MDI (n 1),71 and in another one, there was a compari-
son between pre- and post-second-generation HCL imple-
mentation (n 1).”?

Study duration varied from 3 to 7months; study par-
ticipants were older than 6years old in most studies; only
two studies included participants as young as 2-6years
old along with their parents.”>"*

The study setting was the participants' home for all
studies, and the HCL devices were available on the market
at the time of the study.

4 | DISTRESS/DIABETES BURDEN

In most paediatric participants, the use of HCL systems
for 3 up to 7months was not associated with any sig-
nificant changes in diabetes-related distress and burden
compared to SAP with or without PLGS®***"3 or compar-
ing outcomes before and after 3-6 months' HCL use.””®
Diabetes-related burden was reduced in two studies
comparing HCL vs SAP use with or without PLGS for
3-4months.>”

The use of HCL for 6-7 months did not affect parents'
distress and burden in four studies,”®®”**”3 whereas one
study showed a positive impact of HCL use compared to
SAP without LGS in parents who were poor sleepers.®

Only one study of the moderate quality level of evi-
dence analyzed the effect of HCL on depression and found
no differences between children and adolescents using
second-generation HCL compared to CSII with or without
CGM.” Similar findings were reported for their parents.”

5 | FEAR OF HYPOGLYCAEMIA
(FOH)

The use of HCL systems did not have any significant im-
pact on youths' FOH compared to SAP (with or without
PLGS) use for 6-7months,”***7 or in studies comparing
this outcome before and 3-6 months after HCL implemen-
tation.””® Similarly, in parents, there was no significant
effect of HCL use for 6-7months on psychological out-
comes in all studies,’®®®’® whereas FOH improved in one
study.”

In contrast, some recent studies on second-generation
HCL reported reduced FOH compared to the use of SAP
(with or without PLGS) for 4-7 months®° as well as com-
paring this outcome before and post-second-generation
HCL application (3-7months).®””* Improved FOH
was also reported in parents of children using second-
generation HCL vs SAP without LGS for 4-7months®
and pre-post application.”” The hypoglycaemia survey
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behaviour and worry subscales improved using second-
generation HCL, the users trust the automated system to
protect them from hypoglycemia.®>%7>

6 | SLEEP QUALITY

Sleep quality, evaluated by questionnaires, improved in a
few studies after 3-4 months of use of HCL systems com-
pared to SAP with or without PLGS, in children and ado-
lescents®”° but it did not change in youths and parents in
another two studies after 4-7months.°** In a group of
poor sleeper parents, second-generation HCL compared
to SAP without LGS for 7months improves the reported
quality of sleep.®” The use of actigraphy revealed no
change in sleep quality in two studies evaluating HCL sys-
tems after 3months in youths and their parents,”’ while
a reduction in the number of parental overnight awak-
enings was reported after 2months in a study with a low
level of evidence.®

7 | QUALITY OF LIFE, WELL-
BEING

QoL improved in a few studies comparing HCL to SAP
with or without PLGS in youths after 3 to 6 months,**7%74
whereas it was unchanged in other studies comparing
second-generation HCL to SAP with or without PLGS for
6-7months.?*%®73 In the latter studies, scores remained
unchanged in all the PedsQL subscales: diabetes symp-
toms, treatment barriers, treatment adherence, worry and
communication.®*7?

8 | SATISFACTION

Youths' satisfaction improved with HCL systems com-
pared to SAP without LGS after 3-6months in two
studies,*®® whereas no changes were found in a study
comparing pre- and 3-month post-HCL application,”” and
in another study comparing second-generation HCL with
MDI +CGM in youth and parents after 3months.”

Diabetes technology acceptance and attitudes were
high for HCL systems compared to SAP without LGS
after 6 months of use.”” Reported barriers were having
to carry the devices, the size of the equipment,® tech-
nical difficulties with CGM connectivity, alarms, and
calibration.®

From the semi-structured interview, the answers re-
lated to distress, QoL and satisfaction were more homoge-
neous compared to questionnaires: participants reported
a positive experience and manifested a positive attitude

toward the CL technology, intended as easy to use and apt
to improve glycemic targets.70

9 | DISCUSSION

This systematic review showed that HCL systems led to
improved or unchanged PROs, such as diabetes-related
burden, FOH, QoL and treatment satisfaction, whereas
the quality of sleep substantially improved, in youths with
T1D and their parents. This review also highlights con-
flicting results for PROs, using different questionnaires to
assess the same outcome.

The efficacy and safety of HCL systems have been as-
sessed in several studies, where glycemic measures such
as HbAlc and CGM metrics were the primary outcome
measures. In contrast, so far, the evidence related to the
impact of HCL systems on PROs in youths with T1D and
their parents is less strong and findingsfrom different
studies have been often been reported discordant find-
ings.*>!* However, PROS are utmost importance for the
successful implementation of any new technologies and
they can support the selection of candidates for HCL sys-
tems with true expectations and to intercept barriers or
difficulties that may arise later.*'!

Our systematic review showed that, in most pediatric
participants and their parents, diabetes-related distress
and burden did not improve when compared to SAP with
or without PLGS, probably because most of the studies
were not powered to detect subtle differences in this out-
come,” and specific questionnaires highlighting the dif-
ferences between SAP and HCL.

With regards to FOH, this was unchanged compared
to SAP in most studies on HCL and these results likely
reflect, once again, the small sample size” or the fact
that FOH scores at study entry were already relatively
low, likely because youths with a medical history of se-
vere hypoglycemia were not included in the studies for
safety reasons.”® Of interest, FOH improved in studies on
second-generation HCL, and this could be related to the
additional feature of the second-generation HCL com-
pared to first-generation HCL, which could provide fur-
ther reassurance. However, differences in study design
and populations could have also contributed to differences
in outcomes between the two systems.

Improved QoL and satisfaction in HCL users, as re-
ported in some studies, was associated with positive
feedback about technology, reported as easy to use and
associated with lower burden and less and even more re-
liable alarms.®’ Different questionnaires to test HCL sys-
tems acceptance were used in the analysed studies, and
they were mainly based on the technology acceptance
model (TAM model), and this could explain some of the
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discrepancies in results across studies and highlights the
need of implementing a single validated questionnaire to
allow accurate comparisons of studies results.

Sleep was perceived and reported as improved by
youths and their parents, due to a reduction in worries
about nocturnal hypoglycaemia and fewer night-time
awakenings to check glucose levels. However, these re-
sults were not confirmed by a study based on actigraphy,
where the lack of a positive effect on sleep was attributed
to the short follow-up and the need for more time to learn
and get used to new technologies.’’

Some limitations of the studies included in this system-
atic review need to be acknowledged. Firstly, the sample
size of most studies was small (just over 15 participants),
primarily including Caucasian people, and the study pop-
ulations were relatively selective and not representative
of the whole population of youths with T1D and their par-
ents, due to some inclusion criteria such as HbA1lc close
to the target, or focus on specific subgroups, such as ado-
lescents with suboptimal glycaemic outcomes.®® In addi-
tion, trials might have included subgroups of particularly
motivated youths as well as excluded youths with a previ-
ous history of frequent hypoglycaemic episodes for safety
reasons; these factors could already have influenced the
baseline status of psychological outcomes. Secondly, in-
sulin regimes prior to HCL systems implementation dif-
fered across studies, including either MDI without CGM,
or CSII, or SAP with PLGS. In addition, among the 13
studies with moderate to high level of evidence, none
compared the HCL system to the best currently available
contemporary therapy (SAP+PLGS for first-generation
HCL and first-generation HCL for second-generation
HCL), but only to SAP. Another limitation was that psy-
chological measures were included as secondary out-
comes in all but two studies. In addition, although we
excluded studies using not previously validated question-
naires,*®>? often several different versions of validated
questionnaires were administered to subsets of study par-
ticipants (i.e. children, adolescents and parents), limiting
the potential to identify statistically or clinically meaning-
ful differences between study groups.®’ Finally, although
we analysed studies with at least 3-month HCL duration
hypothesizing this as being the minimum time for partic-
ipants to adapt to HCL use and have a reliable interpre-
tation of the outcomes, we cannot exclude that, in some
individuals, psychosocial measures could require a longer
time to improve.

10 | CONCLUSIONS

Data on PROs in the paediatric population using HCL
systems are still limited, but many studies on this topic

DIABETIC B

are ongoing. Whereas, understandably soon after the in-
troduction of these new technologies, efficacy in terms of
TIR, HbAlc and safety were the main outcomes included
in clinical studies, over time the importance of PROs as-
sessment has progressively emerged. This systematic re-
view highlights inconsistencies among studies in terms of
PROs related to differences in study design, and popula-
tion as well as the questionnaires used. Therefore, there
is a strong need for future larger studies using consistent
validated methods, with PROS as the primary outcome,
including an adequate sample size, representative of the
whole population of youths with T1D, in terms of ethnic-
ity and sociodemographic background. Validated ques-
tionnaires, particularly on HCL satisfaction, and the use
of actigraphy to assess sleep quality should be considered
to address existing gaps in the literature.

Given that HCL systems are not fully automated, it is
important that paediatric diabetes teams appropriately ed-
ucate youths with diabetes and their families, and set real-
istic expectations from the system, and provide support to
overcome barriers for optimal management of the system.

AUTHOR CONTRIBUTIONS

Roberto Franceschi and Enza Mozzillo made a substan-
tial contribution to the design of this literature review, in
the acquisition of data, their interpretation and analysis
as well as in the writing of the manuscript. Enza Mozzillo
and Roberto Franceschi selected the articles for this liter-
ary review. Letizia Leonardi, Martina Girardi, Francesco
Maria Rosanio and Francesca Di Candia contributed
to the analysis of studies included in the review. M.
Loredana Marcovecchio performed a critical revision of
the manuscript and performed a thorough proofreading
of the manuscript. All the authors have approved the ver-
sion to publish.

FUNDING INFORMATION
This research was not supported by funding.

ACKNOWLEDGEMENT
Open Access Funding provided by Universita degli Studi
di Napoli Federico II within the CRUI-CARE Agreement.

CONFLICT OF INTEREST STATEMENT
The authors have no conflict of interest to declare.

DATA AVAILABILITY STATEMENT
All databases generated for this study are included in the
article.

REFERENCES

1. Ferrito L, Passanisi S, Bonfanti R, et al. Efficacy of advanced
hybrid closed loop systems for the management of type 1

510117 SUOLLILIOD SA1IE810 3 et idde a1 Aq peuienob a2 a1 WO ‘38N J0 S| 10 AIRIIT BUIIUO /3|1 O (SUOIPUOD-PUE-SUWLSY W00 A3 | A1 16U 1|uo//Sdiiu) SUOIIPUOD PLe S 18U 395 *[1202/50/+0] Lo ARIGIT2UIIUO /311 1R1IRRI0D Ad 660GTBWP/TTTT OT/I0P/00 a1 ARRiq1Bu1|UO//SANY WOl Papeolumoq ‘6 ‘€202 ‘TerararT



loof11 | RYIN:I|le

10.

11.

12.
13.

14.

15.

FRANCESCHI ET AL.

diabetes in children. Minerva Pediatr (Torino). 2021;73(6):474-
485. doi:10.23736/S2724-5276.21.06531-9

Arrieta A, Battelino T, Scaramuzza AE, et al. Comparison of
MiniMed 780G system performance in users aged younger
and older than 15years: evidence from 12870 real-world
users. Diabetes Obes Metab. 2022;24(7):1370-1379. doi:10.1111/
dom.14714

Marigliano M, Scaramuzza AE, Bonfanti R, et al. Time with
glucose level in target range among children and adolescents
with type 1 diabetes after a software update to a closed-loop
glucose control system. JAMA Netw Open. 2022;5(8):€2228669.
doi:10.1001/jamanetworkopen.2022.28669

Papadakis JL, Anderson LM, Garza K, et al. Psychosocial as-
pects of diabetes technology use: the child and family perspec-
tive. Endocrinol Metab Clin North Am. 2020;49(1):127-141.
doi:10.1016/j.ecl.2019.10.004

Farrington C. Psychosocial impacts of hybrid closed-loop sys-
tems in the management of diabetes: a review. Diabet Med.
2018;35(4):436-449. doi:10.1111/dme.13567

Barnard KD, Wysocki T, Allen JM, et al. Closing the loop over-
night at home setting: psychosocial impact for adolescents with
type 1 diabetes and their parents. BMJ Open Diabetes Res Care.
2014;6(1):e000025. d0i:10.1136/bmjdrc-2014-000025
Franceschi R, Micheli F, Mozzillo E, et al. Intermittently
scanned and continuous glucose monitor systems: a systematic
review on psychological outcomes in pediatric patients. Front
Pediatr. 2021;9:660173. doi:10.3389/fped.2021.660173

Barnard KD, Wysocki T, Ully V, et al. Closing the loop in
adults, children and adolescents with suboptimally con-
trolled type 1 diabetes under free living conditions: a psycho-
social substudy. J Diabetes Sci Technol. 2017;11(6):1080-1088.
doi:10.1177/1932296817702656

Lal RA, Basina M, Maahs DM, Hood K, Buckingham B, Wilson
DM. One year clinical experience of the first commercial hy-
brid closed-loop system. Diabetes Care. 2019;42(12):2190-2196.
doi:10.2337/dc19-0855

Berget C, Messer LH, Vigers T, et al. Six months of hybrid closed
loop in the real-world: an evaluation of children and young
adults using the 670G system. Pediatr Diabetes. 2020;21(2):310-
318. doi:10.1111/pedi.12962

Barnard KD, Hood KK, Weissberg-Benchell J, Aldred C, Oliver
N, Laffel L. Psychosocial assessment of artificial pancreas (AP):
commentary and review of existing measures and their appli-
cability in AP research. Diabetes Technol Ther. 2015;17(4):295-
300. doi:10.1089/dia.2014.0305

van Bon AC, Brouwer TB, von Basum G, Hoekstra JBL, DeVries
JH. Future acceptance of an artificial pancreas in adults with
type 1 diabetes. Diabetes Technol Ther. 2011;13(7):731-736.
doi:10.1089/dia.2011.0013

Bevier WC, Fuller SM, Fuller RP, et al. Artificial pancreas (AP)
clinical trial participants’ acceptance of future AP technol-
ogy. Diabetes Technol Ther. 2014;16(9):590-595. doi:10.1089/
dia.2013.0365

Schiinemann HJ, Cuello C, Akl EA, et al. GRADE guidelines:
18. How ROBINS-I and other tools to assess risk of bias in
nonrandomized studies should be used to rate the certainty
of a body of evidence. J Clin Epidemiol. 2019;111:105-114.
doi:10.1016/j.jclinepi.2018.01.012

Markowitz JT, Volkening LK, Butler DA, Laffel LMB. Youth-
perceived burden of type 1 diabetes: problem areas in diabetes

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

survey-pediatric version (PAID-Peds). J Diabetes Sci Technol.
2015;9(5):1080-1085. doi:10.1177/1932296815583506
Markowitz JT, Volkening LK, Butler DA, Antisdel-Lomaglio J,
Anderson BJ, Laffe] LMB. Re-examining a measure of diabetes-
related burden in parents of young people with type 1 diabe-
tes: the Problem Areas in Diabetes Survey-Parent Revised
version (PAID-PR). Diabet Med. 2012 Apr;29(4):526-530.
doi:10.1111/j.1464-5491.2011.03434.x

Fisher L, Polonsky WH, Hessler DH, et al. Understanding
the sources of diabetes distress in adults with type 1 diabetes.
J Diabetes Complications. 2015;29(4):572-577. doi:10.1016/
j-jdiacomp.2015.01.012

Fendrich M, Weissman MM, Warner V. Screening for depres-
sive disorder in children and adolescents: validating the Center
for Epidemiologic Studies Depression Scale for children. Am
J Epidemiol. 1990;131(3):538-551. doi:10.1093/oxfordjournals.
aje.all5529

Radloff LS. The CES-D scale: a self-report depression scale
for research in the general population. Appl Psych Meas.
1997;1:385-401. d0i:10.1177/014662167700100306

Kovacs M. The children's depression, inventory (CDI).
Psychopharmacol Bull. 1985;21(4):995-998.

Spielberger CD. Manual for the state-trait anxiety inventory for
children. Consulting Psychologists Press; 1973.

Spielberger CD, Gorsuch RL, Lushene R, et al. Test manual for
the state-trait anxiety inventory. Consulting Psychologists Press;
1983.

Gonder-Frederick L, Nyer M, Shepard JA, Vajda K, Clarke W.
Assessing fear of hypoglycemia in children with type 1 diabetes
and their parents. Diabetes Manage (Lond). 2011;1(6):627-639.
do0i:10.2217/DMT.11.60

Polonsky WH, Fisher L, Hessler D, Edelman SV. Investigating
hypoglycemic confidence in type 1 and type 2 diabetes. Diabetes
Technol Ther. 2017;19(2):131-136. doi:10.1089/dia.2016.0366
Gonder-Frederick LA, Schmidt KM, Vajda KA,
Psychometric properties of the hypoglycemia fear survey-ii for
adults with type 1 diabetes. Diabetes Care. 2011;34(4):801-806.
doi:10.2337/dc10-1343

Buysse DJ, Reynolds CF 3rd, Monk TH, et al. The Pittsburgh
sleep quality index: a new instrument for psychiatric practice
and research. Psychiatry Res. 1989;28(2):193-213. d0i:10.1016/
0165-1781(89)90047-4

Bruni O, Ottaviano S, Guidetti V, et al. The Sleep Disturbance
Scale for Children (SDSC). Construction and validation of
an instrument to evaluate sleep disturbances in childhood
and adolescence. J Sleep Res. 1996;5(4):251-261. doi:10.1111/
j-1365-2869.1996.00251.x

Hoddes E, Zarcone V, Dement W. Development and use of
Stanford Sleepiness Scale (SSS). Psychophysiology. 1972;9:150.
Owens JA, Spirito A, McGuinn M. The Children's Sleep Habits
Questionnaire (CSHQ): psychometric properties of a survey in-
strument for school-aged children. Sleep. 2000;23(8):1043-1051.
Varni JW, Seid M, Kurtin PS. PedsQL 4.0: reliability and valid-
ity of The Pediatric Quality of Life Inventory version 4.0 ge-
neric core scales in healthy and patient populations. Med Care.
2001;39(8):800-812. doi:10.1097/00005650-200108000-00006
Varni JW, Delamater AM, Hood KK, et al. PedsQL 3.2 diabe-
tes module for children, adolescents, and young adults: re-
liability and validity in type 1 diabetes. Diabetes Care. 2018
Oct;41(10):2064-2071. doi:10.2337/dc17-2707

et al.

510117 SUOLLILIOD SA1IE810 3 et idde a1 Aq peuienob a2 a1 WO ‘38N J0 S| 10 AIRIIT BUIIUO /3|1 O (SUOIPUOD-PUE-SUWLSY W00 A3 | A1 16U 1|uo//Sdiiu) SUOIIPUOD PLe S 18U 395 *[1202/50/+0] Lo ARIGIT2UIIUO /311 1R1IRRI0D Ad 660GTBWP/TTTT OT/I0P/00 a1 ARRiq1Bu1|UO//SANY WOl Papeolumoq ‘6 ‘€202 ‘TerararT


https://doi.org//10.23736/S2724-5276.21.06531-9
https://doi.org//10.1111/dom.14714
https://doi.org//10.1111/dom.14714
https://doi.org//10.1001/jamanetworkopen.2022.28669
https://doi.org//10.1016/j.ecl.2019.10.004
https://doi.org//10.1111/dme.13567
https://doi.org//10.1136/bmjdrc-2014-000025
https://doi.org//10.3389/fped.2021.660173
https://doi.org//10.1177/1932296817702656
https://doi.org//10.2337/dc19-0855
https://doi.org//10.1111/pedi.12962
https://doi.org//10.1089/dia.2014.0305
https://doi.org//10.1089/dia.2011.0013
https://doi.org//10.1089/dia.2013.0365
https://doi.org//10.1089/dia.2013.0365
https://doi.org//10.1016/j.jclinepi.2018.01.012
https://doi.org//10.1177/1932296815583506
https://doi.org//10.1111/j.1464-5491.2011.03434.x
https://doi.org//10.1016/j.jdiacomp.2015.01.012
https://doi.org//10.1016/j.jdiacomp.2015.01.012
https://doi.org//10.1093/oxfordjournals.aje.a115529
https://doi.org//10.1093/oxfordjournals.aje.a115529
https://doi.org//10.1177/014662167700100306
https://doi.org//10.2217/DMT.11.60
https://doi.org//10.1089/dia.2016.0366
https://doi.org//10.2337/dc10-1343
https://doi.org//10.1016/0165-1781(89)90047-4
https://doi.org//10.1016/0165-1781(89)90047-4
https://doi.org//10.1111/j.1365-2869.1996.00251.x
https://doi.org//10.1111/j.1365-2869.1996.00251.x
https://doi.org//10.1097/00005650-200108000-00006
https://doi.org//10.2337/dc17-2707

DIABETIC Nk

FRANCESCHI ET AL.

32. Topp CW, Ostergaard SD, Sondergaard S, et al. The WHO-5 well- 43. Wysocki T, Reeves G, Kummer M, et al. Psychometric val-
being index: a systematic review of the literature. Psychother idation of the diabetes technology questionnaire. Diabetes.
Psychosom. 2015;84(3):167-176. doi:10.1159/000376585 2015;64(suppl 1):A633.

33. Bott U, Miihlhauser I, Overmann H, Berger M. Validation of a 44. Brooke JB. SUS: a retrospective. J Usabil Stud. 2013;8:29-40.
diabetes-specific quality-of-life scale for patients with type 1 diabe- 45. Weissberg-Benchell J, Shapiro JB, Hood K, et al. Assessing
tes. Diabetes Care. 1998;21(5):757-769. doi:10.2337/diacare.21.5.757 patient-reported outcomes for automated insulin delivery sys-

34. Shen W, Kotsanos JG, Huster WJ, et al. Development and tems: the psychometric properties of the INSPIRE measures.
validation of the diabetes quality of life clinical trial ques- Diabet Med. 2019;36(5):644-652. doi:10.1111/dme.13930
tionnaire. Med Care. 1999;37(4 Suppl Lilly):AS45-AS66. 46. Oukes T, Blauw H, van Bon AC, DeVries JH, von Raesfeld
doi:10.1097/00005650-199904001-00008 AM. Acceptance of the artificial pancreas: comparing the

35. Carey MP, Jorgensen RS, Weinstock RS, et al. Reliability effect of technology readiness, product characteristics, and
and validity of the appraisal of diabetes scale. J Behav Med. social influence between invited and self-selected respon-
1991;14(1):43-51. doi:10.1007/BF00844767 dents. J Diabetes Sci Technol. 2019;13(5):899-909. d0i:10.1177/

36. Juvenile Diabetes Research Foundation Continuous Glucose 1932296818823728
Monitoring Study Group. Validation of measures of satisfaction 47. Troncone A, Bonfanti R, Iafusco D, et al. Evaluating the expe-
with and impact of continuous and conventional glucose mon- rience of children with type 1 diabetes and their parents taking
itoring. Diabetes Technol Ther. 2010;12(9):679-684. doi:10.1089/ part in an artificial pancreas clinical trial over multiple days in
dia.2010.0015 a diabetes camp setting. Diabetes Care. 2016;39(12):2158-2164.

37. Hood KK, Butler DA, Volkening LK, Anderson BJ, Laffel LMB. doi:10.2337/dc16-1073
The Blood Glucose Monitoring Communication questionnaire: 48. Musolino G, Dovc K, Boughton CK, et al. Reduced burden of
an instrument to measure affect specific to blood glucose mon- diabetes and improved quality of life: experiences from unre-
itoring. Diabetes Care. 2004 Nov;27(11):2610-2615. doi:10.2337/ stricted day-and- night hybrid closed-loop use in very young
diacare.27.11.2610 children with type 1 diabetes. Pediatr Diabetes. 2019;20(6):794-

38. Bradley C. The diabetes treatment satisfaction questionnaire: 799. doi:10.1111/pedi.12872
DTSQ. In: Bradley C, ed. Handbook of Psychology and Diabetes:

A Guide to Psychological Measurement in Diabetes Research and SUPPORTING INFORMATION
Practice. Harwood Academic Publishers; 1994:111-132. . . . .

39. Baars RM, Atherton CI, Koopman HM, Bullinger M, Power M, Addltlonal sup.portlng 1nf0r.mat10n.can be found Onhn.e
The DISABKIDS Group. The European DISABKIDS project: in the Supporting Information section at the end of this
development of seven condition-specific modules to measure article.
health related quality of life in children and adolescents. Health
Qual Life Outcomes. 2005;3:70. doi:10.1186/1477-7525-3-70

40. Weissberg-Benchell J, Hessler D, Polonsky WH, Fisher L.

Psychosocial impact of the bionic pancreas during sum- How to cite this article: Franceschi R, Mozzillo
mer camp. J Diabetes Sci Technol. 2016;10(4):840-844. E, Di Candia F, et al. A systematic review on the
doi:10.1177/1932296816640289 impact of commercially available hybrid closed

41. Forlenza GP, Ekhlaspour L, Breton M, et al. Successful at-home loop systems on psychological outcomes in youths
use of th'e tande@ control-IQ grtificial pancreas syst.em in with type 1 diabetes and their parents. Diabet Med.
young children during a randomlzec‘i controllesl trial. Diabetes 2023:40:¢15099. doi:10.1111/dme.15099
Technol Ther. 2019;21(4):159-169. d0i:10.1089/dia.2019.0011

42. Naranjo D, Tanenbaum ML, Iturralde E, Hood KK. Diabetes

technology: uptake, outcomes, barriers, and the intersection
with distress. J Diabetes Sci Technol. 2016;10(4):852-858.

35UBD 17 SUOWILOD aAIRa1D) 3|edt|dde ayy Aq pausenoh are sapiLe YO ‘esh Jo sajnt Joj Areiq i auljuQ AS|IAA UO (SUO 11IPUOD-pue-SWLB)/WOD" A3 1M Afelq U uo//:Sdny) suo il ipuoD pue swie | 8y} 8ss [7202/S0/70] uo ArelqiauliuQ A3|IM elfe}eueiydoD Ag 660ST SWP/TTTT OT/I0p/0d A3 1m Aelq tjpul|uo//:sdny woly pepeojumoq ‘6 ‘€202 ‘T6VSyorT


https://doi.org//10.1159/000376585
https://doi.org//10.2337/diacare.21.5.757
https://doi.org//10.1097/00005650-199904001-00008
https://doi.org//10.1007/BF00844767
https://doi.org//10.1089/dia.2010.0015
https://doi.org//10.1089/dia.2010.0015
https://doi.org//10.2337/diacare.27.11.2610
https://doi.org//10.2337/diacare.27.11.2610
https://doi.org//10.1186/1477-7525-3-70
https://doi.org//10.1177/1932296816640289
https://doi.org//10.1089/dia.2019.0011
https://doi.org//10.1111/dme.13930
https://doi.org//10.1177/1932296818823728
https://doi.org//10.1177/1932296818823728
https://doi.org//10.2337/dc16-1073
https://doi.org//10.1111/pedi.12872
https://doi.org/10.1111/dme.15099

	A systematic review on the impact of commercially available hybrid closed loop systems on psychological outcomes in youths with type 1 diabetes and their parents
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Search strategy
	2.2|Criteria for study selection
	2.3|Data extraction and management
	2.4|Assessment of the certainty of the evidence

	3|RESULTS
	4|DISTRESS/DIABETES BURDEN
	5|FEAR OF HYPOGLYCAEMIA (FOH)
	6|SLEEP QUALITY
	7|QUALITY OF LIFE, WELL-­BEING
	8|SATISFACTION
	9|DISCUSSION
	10|CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


