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Efficacy and safety of closed-loop
control system for type one
diabetes in adolescents a meta
analysis

Mosleh Jabari

This meta-analysis compares the efficacy and safety of Closed-Loop Control (CLC) to Sensor-
Augmented Insulin Pump (SAP) for adolescent patients with Type 1 Diabetes Mellitus (TLDM). Eleven
randomized-controlled trials were included with a total of 570 patients, from a total of 869 articles
found adhering to PRISMA guidelines. The efficacy of the therapies were evaluated from the day,
night and during physical activities monitoring of the of the mean blood glucose (BG), Time In Range
(TIR), and Standard Deviation (SD) of the glucose variability. The safety measure of the therapies,

was assessed from the day and night recording of the hypoglycemic and hyperglycemic events
occurred. Pooled results of comparison of mean BG values for day, night and physical activities, - 4.33
[-6.70, - 1.96] (P=0.0003), - 16.61 [- 31.68, - 1.54] (P=0.03) and - 8.27 [- 19.52, 2.99] (P =0.15). The
monitoring for day, night and physical activities for TIR - 13.18 [- 19.18, - 7.17] (P <0.0001), - 15.36
[- 26.81, - 3.92] (P=0.009) and - 7.39 [- 17.65, 2.87] (P =0.16). The day and night results of SD of
glucose variability was - 0.40 [- 0.79, - 0.00] (P =0.05) and - 0.86 [- 2.67, 0.95] (P =0.35). These values
shows the superiority of CLC system in terms of efficacy. The safety evaluation, of the day, night and
physical activities observations of average blood glucose goal hypoglycemic events - 0.54 [- 1.86,
0.79] (P=0.43), 0.04 [- 0.20, 0.27] (P=0.77) and 0.00 [- 0.25, 0.25] (P =1.00) and hyperglycemic events
- 0.04 [~ 0.20, 0.27] (P=0.77), - 7.11 [ 12.77, - 1.45] (P =0.01) and - 0.00 [- 0.10, 0.10] (P =0.97),
highlights the commendable safety factor of CLC. The CLC systems can be considered as an ideal
preference in the management of adolescents with type 1 diabetes to be used during a 24 h basis.

Children coping with diabetes mellitus (DM) has been a crisis globally, which is a cluster of metabolic diseases,
rather than a single illness, that are characterized by chronic hyperglycemia'. Type 1 Diabetes Mellitus (T1DM),
an autoimmune disease destructs the pancreatic islet cells due to the inability in producing insulin, hormone
essential for metabolism of glucose?. The reported cases of children with TIDM is rising staggeringly, and about
96,000 children under the age of fifteen are diagnosed with TIDM annually’. There are variability in the preva-
lence of adolescent TIDM with the highest incidence of TIDM reported in the United States (US), India and
Brazil*. There is a huge economic burden from the chronic nature of the disease due to its multiple short and
long-term complications, presenting it as a global health crisis to handle’.

Due to B-cell destruction and absolute insulin deficiency nature of T1IDMS, the therapeutic goal for ado-
lescents with type 1 diabetes is to reach an optimal glycemic control to avoid acute and chronic complications
without compromising the wellbeing of children, and social outcomes their families” The complicated nature of
management of adolescent TIDM is aimed to prevent the development of complications such as cardiovascular
disease, retinopathy, nephropathy, and neuropathy by achieving optimal glycaemia, avoiding hypoglycemic
events®.

Glycemic targets for children with T1DM have become more rigorous over time, and the average blood glu-
cose (sugar) level goal is now 70 to 120 mg/dL (4 to 7 mmol/L) for all children regardless of age®'°. The handling
of hypoglycemic remains a challenge with adolescents due to their varied physical activities and requirements.
Only less than 70% the youth affected with TIDM achieve glycemic targets despite advances in insulin therapies,
educational awareness, insulin pumps, and ‘continuous glucose monitoring systems'!. The daily tasks of dietary
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intake control, strict medical control and continuous monitoring makes it difficult for young youth to control
their T1DM situations.

The management of T1IDM has been revolutionized by the recent advances in technology, like the insulin
pumps and continuous glucose monitoring sensors'?. The Sensor-Augmented Insulin Pump (SAP), which mimics
the insulin production by the pancreas via continuous subcutaneous insulin injection (CSII), is a conventional
treatment'?. This traditional approach of SAP therapy does not functionally prevent the chances of occurrence
of hypoglycemia. This was a hindrance to the guarantee that the mean blood glucose value will meet therapeutic
expectations after using the SAP therapy'. The most current development is the integration of the insulin pumps
and continuous glucose monitoring sensors, to modify and administer insulin based on the values detected by the
sensor'®. This paved way for the artificial pancreas or called as the closed-loop system for diabetes management.
The Closed-Loop Control System (CLC) insulin delivery systems is characterized by real-time glucose-responsive
insulin administration and combines glucose-sensing and insulin- delivery components!®.

Though these advances in diabetes technology are widely used in clinical practice!’, clinical evidence for the
practice of use of CLC insulin delivery as an alternative to SAP therapy has not yet done or available'®. Stud-
ies on inpatient and outpatient adolescent patients with T1IDM have been done on closed-loop systems with
improved glycemic outcomes and reduction in hypoglycemia in children, especially in the overnight period. CLC
has been associated with fewer adverse effects than other insulin therapies in the treatment of adolescents with
T1DM"-%, Though the effectiveness SAP insulin delivery was stated to be effective in maintaining the daytime
glycemic outcomes, it needs to be compared with contemporary interventions?’-*. There is a serious gap in
the availability of evidence to support clinical decisions for the right insulin therapy for adolescent TIDM. It is
very crucial to identify if Closed-loop insulin delivery can be a potential replacement for SAP insulin therapy of
adolescent TIDM management by comparing the glycemic outcomes and hypoglycemic events to measure the
adverse effects of the therapies. This meta-analysis is therefore aimed to compare the efficacy and safety of CLC
to SAP for adolescents with type 1 diabetes (TIDM) by evaluating the glycemic outcomes and hypoglycemic
events of the two therapies.

The participants, intervention, comparisons, outcomes, and type of studies (PICO) of the current review
were as follows: Participants (P): Patients younger than 19 years, Intervention (I): Closed-Loop Control (CLC)
in T1DM adolescent patients. Comparisons (C): Sensor-augmented insulin pump (SAP) in TIDM adolescent
patients. Outcomes (O): Efficacy of the intervention assessed by average blood glucose value measured by con-
tinuous glucose measurement, time in range (TIR), and standard deviation (SD) of glucose variability. Safety
was evaluated according to reported hypoglycemic events. Hence this review raises the research question “Does
Closed-Loop Control System have a better efficacy and safety compared to Sensor-Augmented Insulin Pump
for managing type one diabetes in adolescents?”

Methodology

This study adheres to The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines®® and complies all the steps advised in Cochrane handbook of systematic reviews. This study has been
registered with Prospero with ID CRD42022333310.

Search strategy. A through bibliographic search of electronic databases of PubMed, MEDLINE, EMBASE,
and the Cochrane Library was undertaken in this study. Boolean operators were used for the keywords designed,
for searching and identifying the relevant literature. Table 1 is explanatory of the combination of keywords used
in this study for the assimilation of articles to review. Grey literature was obtained by searching Web of Science,
ProQuest Dissertations and clinicaltrials.gov. The reference sections of retrieved original articles and reviews
were scanned for studies that might have been missed in the primary searches. Studies were filtered with regard
to study design, methodological features, the reported glycemic outcomes, and the adverse effects evaluated
under each study.

The participants, intervention, comparisons, and outcomes (PICO) of the current meta-analysis were as
follows.

Database Keyword strategy

1. Adolescent type 1 diabetes mellitus
AND

Insulin therapies

OR

Sensor pumps

2. Pediatric type 1 diabetes mellitus
AND

PubMed, Web of science, Cochrane, and others Sensor-augmented insulin pump
AND

Closed loop control

3. Adolescent type 1 diabetes mellitus

AND

Closed loop control OR sensor-augmented insulin pump
NOT

Adults, non-English

Table 1. Keyword strategy used in the database search.
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Participants (P): Patients younger than 19 years as per the definition of an adolescent as a person “10 to 19
years inclusive” and a child “a person 19 years or younger”*!. Intervention (I): Closed-Loop Control (CLC) in
T1DM adolescent patients. Comparisons (C): Sensor-Augmented Insulin Pump (SAP) in T1DM adolescent
patients. Outcomes (O): Efficacy of the intervention assessed by average blood glucose value measured by con-
tinuous glucose measurement, time in range (TIR), and standard deviation (SD) of glucose variability. Safety
was evaluated according to reported hypoglycemic events.

Data extraction. Relevant full text articles were assimilated after review of the titles and abstracts. The eligi-
bility criteria including the inclusion and exclusion criteria for this study are described in Table 2. Figure 1 illus-
trates the PRISMA flow diagram for the studies selected in the search process and eligibility appraisal. Review
manager 5.4.1 (Revman, Cochrane Collaboration, and Oxford, UK) was used to manage, analyze, and synthesize
the included study data. The institutional research board and ethics committee ruled out that approval was not
required for this study being a review study.

Data extraction of the related was done using a custom made data-extraction form in excel. All relevant infor-
mation on the included studies was extracted into an electronic database, including participant and intervention
characteristics, relevant glycemic outcomes and hypoglycemic events to evaluate the adverse effects of treatments,
type of insulin delivery technology used and industrial funding or influence on the study.

Inclusion criteria

Exclusion criteria

insulin pump (SAP)

Experimental studies from 2015 till 2022, comparing Closed-Loop Control (CLC) to sensor-augmented

Animal studies

Studies which included at least 3 of the glycemic outcomes: % time in range (TIR) 70-180 mg/dL, mean
glucose, mg/dL, coefficient of variation and hypoglycemic events

Reviews, letters, editorials, survey reports, abstracts only available

Studies with descriptive results and outcomes not numerically

Studies participating TIDM adolescent patients reported

Full text availability

Non-English articles

Table 2. Eligibility criteria for study selection in this study.

[ Identification of studies via databases and registers

g
'E Records identified from: Records removed defore screening:
& Databases (n =848) Duplicate records removed (n =246)
£ Registers (n =21) Records marked not matching the aims
] and objectives of this study (n = 443)
Ll
l Records excluded (n = 102)
Records screened Only abstracts available =38
(n=180) Letter to editor n=2

Reports sought for retrieval Reports not retrieved
(n=38) @=7)

Screening

Reports excluded:

o Results not published yet (n = 2)

R°E°f‘5 assessed for eligibility Results are narrative not numerical (n =4)
(=31 Not comparing CLC to SAP (n=9)
Comparing other outcomes as results (n=3)
l Review articles (n=2)

Studies included in systematic

review (n=11)
Studies included in meta-
analysis (n =10)

Included

Reports excluded:
Result reports combined adults along with
adolescents (n=1)

Figure 1. PRISMA flow chart descriptive of the study selection
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Quality assessment. The risk of bias method from the Cochrane Collaboration was used™ to appraise the
quality of the included studies. The studies were graded as low, high, or unclear risk of bias for each of the fol-
lowing items using this method. The domains included in this grading of risk of bias were the random sequence
generation and allocation concealment, (both items relate to selection bias), masking of participants and per-
sonnel (detection bias), incomplete outcome data (attrition bias), selective reporting (reporting bias), and other
biases. Figure 2 is descriptive of the risk of bias tool used in this study.

Outcome evaluation. Efficacy: glycemic outcomes-day, night and during strenuous physical activities. The
primary endpoints were the day, night and during strenuous physical activities monitoring of the mean (1)
Blood Glucose (BG) level from continuous glucose monitoring, (2) Time In range (TIR) for the percentage of
time spent in normoglycemia, 70-180 mg/dL*, and (3) Standard Deviation (SD) of glucose variability.

Breton 2017

Carlson 2022

Ekhlaspour 2018

Isganatis 2021

Kovatchev 2020

Ly 2016

Tauschmann 20186.

Tauschmann 2016-1

Tauschmann 2016-2

Thabit 2015

Thabit 201 5-1

OO OO O G S G| @ |sclctereportng reporting bias)

. . . . . . ’ ‘ . . ‘ Blinding of participants and personnel (performance bias)
. ‘ . . . ‘ ’ ’ . . . Blinding of outcome assessment (detection bias)

‘ . . . . . . . . . . Incomplete outcome data (attrition bias)

0 66006 |G O oternis

. . . . . . ’ ’ . . . Random sequence generation (selection bias)
. . . . . . . ‘ . . . Allocation concealment (selection bias)

Figure 2. Risk of bias summary about the methodological quality of studies included using the Cochrane risk
of bias tool. Symbols show low risk of bias (+), and high risk of bias ().
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Safety: adverse effects-day, night and during strenuous physical activities. The adverse effects outcomes were
analyzed from the day, night and during strenuous physical activities monitoring of the time spent while in
hypoglycemia < 70 mg/dL, and in hyperglycemia > 250 mg/dL*".

Data analysis. Statistical analysis and the assessment of heterogeneity was done for each reported outcomes
in the included studies. All the aggregated outcome measurements has been unified in units to meaningfully
analyze the data. The weighted mean difference (WMD) with 95 % confidence interval (CI) was calculated for
all the continuous outcomes. The I* statistic and * test was used to evaluate the heterogeneity of the analysis
results. If * > 50% or p < 0.1 for the 2 test, the random-effects model was adopted; otherwise, the fixed- effects
model was used®. P value less than 0.05 was considered statistically significant. All statistical analyses were per-
formed by RevMan software (version 5.0, Oxford, United Kingdom). When the level of heterogeneity was less
than 50%, a fixed-effect model was used*®. The meta-analysis was performed with Review manager 5.4.1 (Rev-
Man, Cochrane Collaboration, Oxford, UK).

Informed consent. For this type of study, formal consent is not required.

Patient and public involvement. This study being a meta-analysis systematic literature review, the
patients selected were recruited by the researchers of the included studies. All the patient and families related
aspects involved in design and implementation of the interventions were priori addressed by the authors of the
selected studies.

Results

Study search and data extraction. An initial search gave 869 articles from the keyword combinations.
The included trials were published between 2015 and 2022. After strict screening and quality assessment 113~
Randomized Controlled Trials (RCT) were selected for the review which were relevant to the search terms and
criteria. A total of 570 adolescent patients were included in this study from the selected studies. This included 298
patients who took CLC insulin therapy and 272 patients who had SAP as their insulin therapy. Only 1037444647
articles were included in the meta-analysis after reviewing and accounting for heterogeneity. (Fig. 1). Table 3
provides the summary of the data extracted from the attributes of the included studies.

Characteristics and quality of trials. In relation to the masking of participants and personnel, almost all
of the trials were rated at “low risk of bias” (9 of 11 trials, 81.81%); as for attrition bias and reporting bias, almost
all the trials were rated at “low risk of bias,” because they reported the complete outcome data (10 out of 11 trials,
90.90%). There were no studies at “high risk of bias” with any issues relating to random sequence generation,
allocation concealment and masking of outcome assessment (11 out of 11 trials, 100%). Figure 2 shows the risk
of bias summary based on review quality appraisal judgements about each risk of bias item for each included
study.

Efficacy: glycemic outcomes during day, night and during strenuous physical activities. The
results from the included studies were pooled by unifying the measurement units to mg/dL. Hence all the pooled
comparison results in this meta-analysis are in mg/dL.

Mean blood glucose (BG) level: day, night and during strenuous physical activities. The aver-
age BG was compared in 9 studies’”**-***6, The day monitoring comparison of the BG level showed [Mean
Difference (IV, Random, 95% CI) — 4.33 [- 6.70, — 1.96]]. Pooled studies show [Heterogeneity: Tau®=6.24;
Chi*=77.30, df=8 (P <0.00001); *=90%. Test for overall effect: Z=3.58 (P=0.0003)]. The night monitoring
level of BG was reported by 5 studies®”**#>447 and it was compared. The results showed (Mean Difference (IV,
Random, 95% CI) — 16.61 [- 31.68, — 1.54]). Pooled studies show [Heterogeneity: Tau>=215.07; Chi*=75.06,
df=4 (P<0.00001); 12=95%. Test for overall effect: Z=2.16 (P=0.03)]. The Forest plot in Fig. 3a and b are illus-
trative of these results. Only two studies®”** showed the results for glycemic outcome during extreme physical
activities like winter sports. The physical activity monitoring comparison of the BG level demonstrates [Mean
Difference (IV, Random, 95% CI) — 8.27 [- 19.52, 2.99]]. Pooled studies show [Heterogeneity: Chi*=2.95, df=1
(P=0.09); I*=66%. Test for overall effect: Z=1.44 (P =0.15)]. Figure 3¢ depicts this observation.

Time in range (TIR): day, night and during strenuous physical activities. Time in range (TIR)
for the percentage of time spent in normoglycemia, during the day 70-180 mg/dL was compared in all the
10 studies®” #4647 The results showed (Mean Difference (IV, Random, 95% CI) — 13.18 [~ 19.18, — 7.17].
Pooled daytime study aggregate show [Heterogeneity: Tau?=60.11; Chi*=67.63, df=7 (P <0.00001); I*=90%.
Test for overall effect: Z=4.30 (P<0.0001)] Excluding 4 studies******46 to due to statistical heterogeneity only
four studies’’**#¢ which reported the night time monitoring results of TIR were pooled. The comparison meta
results show [Mean Difference (IV, Random, 95% CI) — 15.36 [— 26.81, — 3.92]]. Pooled studies for nighttime
data shows [Heterogeneity: Tau®=94.12; Chi’>=16.83, df=3 (P =0.0008); I = 82%.Test for overall effect: Z=2.63
(P=0.009)]. The Forest plot in the Fig. 4a and b elaborates these findings. Two studies®”* recorded the TIR
during strenuous physical activities and the results are as follows show [Mean Difference (IV, Random, 95% CI)
- 7.39 [~ 17.65, 2.87]]. Pooled studies for nighttime data shows [Heterogeneity: Chi?=3.53, df=1 (P=0.06);
1*=72%. Test for overall effect: Z=1.41 (P =0.16)]. Figure 4a—c are illustrative of these results.
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No of patients With Therapeutic systems used Industrial
Study Study type | Setting Followup | CLC |SAP |# Day | Night | Exercise CLC SAP Remarks funding
CLC can
MiniMed achieve the
670G insulin ;}cfz):nniﬁcended
Multicenter pump with . Supported
Carlson RCT Outpatient, |90days |39 |39 |39 |Y |Y N DreaMed Guardian targets in by DreaMed
2020 Diabetes adolescents .
USA Sensor and . Diabetes
. . with T1IDM
Guardian Link
: and had
transmitter .
improved user
experience
CLC shown Partiall
20214 utpatient, s Control-IQ | CGM p Tandem Dia-
USA improve glyce-
. betes Care
mic outcomes
Partial support|
Accu-Chek Dexcom CLC is feasible | from Type
. Spirit Combo | (CGM sen- and could Zero Tech-
Kovatchev Multicenter itll)sulin pump | sors), Roche | offer certain | nologies, Dex-
2021" RCT Slslfanent, 3months | 63 6l 124 1Y N N .Dexcom G4 | Diabetes usability com, Roche
with Control | Care (insulin | advantages Diabetes Care
APsoftware pumps) over SAP and Ascensia
Diabetes Care
CLCis
reported to
have improved
. glycaemic
lti 'lie}ndem t'l Tandem t: control and ded b
Ekhlaspour, Multicenter, slim, Insulet | g1 %) with safely reduced Funded by
39 > RCT Outpatient, 48 h 12 12 24 Y Y Y Omnipod, . Tandem Dia-
2019 . Control-1Q exposure to
USA Medtronic .| betes Care
DS Technology hyperglycemia
pump especially dur-
ing extreme
physical
activities
CLCin
adolescents
with TIDM
improved gly-
Tandem cemic control
Multicenter, t:slim, Insulet | DiAs Web and reduced Partially
Breton 2017%7 | RCT Outpatient, 6 days 16 16 32 |Y Y Y Omnipod, Monitoring exposure to funded by
USA Medtronic [DWM hypoglyce- Dexcom
pumps mia during
prolonged
intensive
winter sport
activities
Increasing
time spent
in range and
Dexcom G4 stuctliy C}(EM ;edualng both Funded b
4 PLATINUM | 21 Wit Ypogly- unded by
Multicenter, Share glucose personal caemia and Tandem
Ly 2016* RCT Outpatient, 5 days 17 16 33 Y Y Y sensorgan q continuous hyperglycemia | Diabetes Care
USA Roche Accu- subcutaneous | in adolescents | (San Diego,
Cﬂcke cen insulin infu- with type 1 CA), Dexcom
expump sion diabetes com-
pared with
SAP therapy
alone
Medtronic, I_fyb“d
. closed-loop
Northridge, insulin deliv- | Partiall
Multicenter CA, Satellite 3 . Y
Tauschmann Multinational lucose sensor | 640G insulin | & 'MProves funded by
3 RCT X > | 12 weeks 46 40 86 Y Y N & . glucose Medtronic,
2016 Outpatient. (Medtronic), | pump) . .
control while | Northridge,
USA and UK and Contour -
. reducing the | CA, USA
Next Link 2.4 )
risk of hypo-
glucometer !
glycaemia
Improved glu-
cose control
during closed-
loop along
Tauschmann Single centre Study insulin | FlorenceD2A | with positive | Supported by
2016 4 RCT Outpatient. 3 weeks 12 12 12 |Y Y N pump (DANA | closed-loop attitudes and | Abbot Dia-
UK Diabecare R) | system experience of | beted care
the partici-
pants with the
closed-loop
system
Continued
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No of patients With Therapeutic systems used Industrial
Study Study type | Setting Followup |CLC |SAP |# Day | Night | Exercise CLC SAP Remarks funding
CLC is stated
to have a
Tauschmann Single centre Study insulin | FlorenceD2A Ezlt:terrolglxict(})ie Supported by
20164 RCT Outpatient. 7 days 12 12 12 Y Y N pump (DANA | closed-loop out increasin Abbot Dia-
UK Diabecare R) | system . 8 | beted care
the risk of
hypoglycemia
in adolescents
CLC is stated
. to show
ﬁult}cen_t €r . Abbott Diabe- | improved
ultinational, Insulin pump tes Care CGM | glucose con- Supported by
Thabit 2015% | RCT Outpatient. | 12weeks |25 |25 |25 |Y |Y N Abbott Diabe- | '8~ 8 Abbot Dia-
United King- tes Care with control | trol, reduced beted care
dom 8 algorithm hypoglycemia
in adolescents
with TIDM
Overnight
CLC at home
in adolescents
with type 1
Multicentre, The Florence diabetes is fea-
Multinational, Study insulin tomated sible, showing | Supported by
Thabit 2015 | RCT Outpatient. 3 weeks 16 16 16 |N Y N pump (Dana R ail orgale improvements | Abbot Dia-
United King- Diabecare) closed-l00p in glucose beted care
g 8
dom system control and
reducing the
risk of noctur-
nal hypogly-
caemia
Table 3. The summary of the attributes included studies.
(a) cLc SAP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Breton 2017 1675 201 16 161 209 16 134% -350}21.15,14.19)
Ekhlaspour 2019 143 36 12 175 53 12 90% -3200(6825,4.25)
Isganatis 2021 167 15 40 183 28 23 146% -16.00128.35,-36%) e
Kovaichev 2020 884 108 47 927 153 43 159% <0.43(-1.00,0.14)
Ly 2016 143 3 17 156 5 16 158% -1300[1583,-10.17) .
Tauschmann 2016 15675 1.1 12 18918 13 12 159% -3243[-33.39,-31.47) .
Thadit 2015 61.2 119 25 516 118 24 155% 960(2.96,16.24)
Total (95% CI) 169 146 100.0% -11.46(-27.99,5.07)

Heterogeneity. Tau’= 448.32, Chi*= 3189.43, ¢f= 6 (P < 0.00001), P= 100%

Testfor overall effect Z=1.36 (P=0.17) 200 100 0 100 200

Favours CLC Favours SAP

©

cLc SAP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total \Weight IV, Random, 95% CI IV, Random, 95% CI
Ekhlaspour 2019 1428 36 12 1754 527 12 08% -3250[-6861,361) s—
Breton 2017 1422 478 16 1455 382 16 1.2%  -3.30(33.28,26.68) —
Tauschmann 2016 147.74 198 12 17657 36 12 20% -28.83152.08,-5.58) —
Thadit 2015 146 2 25 176 29 24 80% -30.00141.63,-18.37 ==
Ly 2016 128 4 17 150 6 16 88.0% -22.00}2550,-18.50) i
Total (95% CI) 82 80 100.0% -22.64[-25.92,-19.35) ¢
Heterogeneity. Tau?= 0.00, Ch?= 382, ¢f= 4 (P=0.43),P= 0% t $ + t
Testfor overall effect Z= 13.51 (P < 0.00001) 100 Fa..?urs CLCUF:r.'curSSSOAP 160
cLc SAP Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Breton 2017 1575 2019 32 161 289 32 811% -35016.00,9.00)
Ekhlaspour 2019 1598 29 24 1885 578 24 189% -28.70154.57,-283) —
Total (95% CI) 56 56 100.0% -8.27[-19.52,2.99] q
Heterogeneity: Ch* = 2.95, df= 1 (P = 0.09), F= 66% TR 5 % 100

Testfor overall effect Z=1.44 (P=0.15) Favours CLC Favours SAP

Figure 3. (a) Forest plot of comparison: Mean BG-Day. (b) Forest plot of comparison: Mean BG-Night. (c)
Forest plot of comparison: Mean BG-Physical activity.

Standard deviation (SD) of glucose variability: day and night. The SD of glucose variability for day
time monitoring was compared all the 10 studies®”~***¢47 (Mean Difference (IV, Random, 95% CI) — 0.40 [- 0.79,
— 0.00]]. Pooled studies for daytime measurements were homogeneous with results as shown [Heterogeneity:
Tau?=0.05; Chi*=8.09, df=7 (P=0.32); I*=13%. Test for overall effect: Z=1.98 (P=0.05)]. The night SD of
glucose variability was compared in 5 studies*®**#>4546 as reported. The results of the pooled studies were (Mean
Difference (IV, Random, 95% CI) -0.86 [- 2.67, 0.95] Pooled studies were homogeneous with results as shown
[Heterogeneity: Tau?=1.46; Chi’=6.28, df=3 (P=0.10); I?*=52%. Test for overall effect: Z=0.93 (P=0.35)].
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CcLC SAP Mean Difference Mean Difference

(a) Study or Subgroup  Mean _ SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Breton 2017 646 133 16 713 176 16 104% -6.70[-17.51, 4.11) =

Carison 2022 609 104 39 698 63 39 147% -8.90 12.72,-5.08] ==

Ekhlaspour 2019 539 248 12 664 164 12 70% -1250(-29324.32) e —

Kovatchev 2020 57 14 64 64 115 61 144%  -7.00[11.48,-252) —

Ly 2016 67.2 47 17 903 22 16 152% -23.10[-25.58,-20.62) =

Tauschmann 2016. 457 137 12 629 89 12 11.4% -17.20 [-26.44,-7.96) _—

Thabit 2015 407 134 40 592 115 40 138% -1850(-23.97,-13.03) -

Thabit 2015-1 516 118 25 612 119 24 131%  -960[16.24,-2.96) ==

Total (95% Cl) 225 220 100.0% -13.18[-19.18,-7.17] ‘

Heterogeneity: Tau*= 60.11; Chi*= 67.63, df= 7 (P < 0.00001); F=90% _240 _110 140 240

Test for overall effect: Z= 4.30 (P < 0.0001) Favours CLC Favours SAP

b CLC SAP Mean Difference Mean Difference
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Figure 4. (a) Forest plot of comparison: Time in Range TIR-Day. (b) Forest plot of comparison: Time in Range
TIR-Night. (c) Forest plot of comparison: Time in Range TIR-Physical activity.
Figure 5a and b shows the Forest plot of this stated results. Figure 5a and b are explaining these results. Two
studies™*" reported the variability as the coefficient of variation and it was converted to standard deviation and
pooled. It can be noted that no studies directly reported the standard deviation of glucose variability during
physical activities.
Safety: adverse effects (AE) outcomes. Hypoglycemic events: day, night and during strenuous physical
activities. ~AEs were compared in 10 studies®”~**46% including a total of 570 subjects. After excluding studies to
account for statistical heterogeneity, the day time reporting results for hypoglycemic events was pooled in from
937-39,41-44,4647 of the included studies are (Mean Difference (IV, Random, 95% CI) — 0.54 [- 1.86, 0.79]]. Pooled
studies exhibits heterogeneity, which is shown as [Heterogeneity: Tau?=2.78; Chi?=58.72, df=8 (P <0.00001);
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Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Carlson 2022 357 441 39 365 48 39 38% -0.80[278,1.18] —
Ekhlaspour 2018 342 82 12 335 48 12 05% 0.70 [-4.68, 6.08)
Isganatis 2021 37 4 40 38 5§ 23 26% -1.00[3.39,1.39 —
Kovatchey 2020 352 43 47 379 47 46 4.4% -2.70(-4.53,-0.87)
Tauschmann 2016. 39 08 12 43 09 12 235%  -0.40[1.08,0.28) —=r
Tauschmann 2016-1 33 42 12 36 46 12 1.2% -0.30[-3.82,3.22) —_—
Tauschmann 2016-2 37 05 46 39 05 40 638% -0.20[-0.41,0.01) ]
Thabit 2015-1 77 18 25 78 14 24 02% -1.00[-10.01,8.01] ¢ >
Total (95% CI) 233 208 100.0% -0.40 [-0.79, -0.00] L/
Heterogeneity: Tau®= 0.05; Chi*= 8.09, df=7 (P = 0.32); F=13% _i -2 s 2 j
Test for overall effect: Z=1.98 (P = 0.05) Eaitiis OLC . Eamdis P
b CLC SAP Mean Difference Mean Difference
tudy or Subgroup __Mean otal _Mean otal Weight IV, Random, 95% , Random, 95¢
( ) Stud Sub M SD Total M SD Total Weight IV, Rand 95% CI IV, Random, 95% CI
Carlson 2022 36 441 39 36 4.1 33 36.9% 0.00[-1.82,1.82)
Ekhlaspour 2019 243 116 12 245 98 12 41% -0.20 [-8.83,8.43]
Tauschmann 2016. 31 09 12 38 07 12 547%  -0.70[-1.35,-0.09)
Thabit 2015-1 60 17 25 71 13 24 43% -11.00[19.45,-255) ¢——————
Total (95% CI) 88 87 100.0%  -0.86[-2.67,0.95]

Heterogeneity: Tau®= 1.46; Chi*= 6.28, df= 3 (P = 0.10); F= 52%

Testfor overall effect: Z= 0.93 (P = 0.35)

-10

3 T T 1.(]
Favours CLC Favours SAP

Figure 5. (a) Forest plot of comparison: SD of glucose variability-Day. 5(b) Forest plot of comparison: SD of
glucose variability-Night.
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12=86%. Test for overall effect: Test for overall effect: Z=0.80 (P =0.43)]. The 7 studies®” 404444647 were pooled
in after accounting for heterogeneity, reported the night comparison results for hypoglycemia and the results
shows (Mean Difference (IV, Random, 95% CI) 0.04 [- 0.20, 0.27]). Pooled studies show homogenous results
which were, [Heterogeneity: Tau>=0.00; Chi’=3.29, df=6 (P=0.77); 12*=0%. Test for overall effect: Z=0.30
(P=0.77)]. Forest plot in Fig. 6a and b are descriptive of these meta results. The pooled results from the two
studies*”* which included results for hypoglycemia during physical activities are as follows, (Mean Difference
(IV, Random, 95% CI) 0.00 [ 0.25, 0.25]). Pooled studies show no heterogeneity, which is shown as [Heteroge-
neity: Chi?=0.00, df=1 (P =1.00); I*=0%. Test for overall effect: Z=0.00 (P =1.00)]. Figure 6a-c are descriptive
of these results.

Hyperglycemic events: day, night and during strenuous physical activities. Hyperglycemic events were moni-
tored to assess the AEs of both the insulin delivery systems under comparison. Six studies®’-*"** reported day
time results for hyperglycemic events and the pooled results are [Mean Difference (IV, Random, 95% CI) — 0.48
[- 2.62, 1.65]]. Pooled studies show [Heterogeneity: Tau?=4.16; Chi*=31.45, df=5 (P <0.00001); I = 84%. Test
for overall effect: Z=0.44 (P=0.66)]. From the six studies’~*"** which reported the night comparison results
for hyperglycemia were pooled and the results shows [Mean Difference (IV, Random, 95% CI) — 7.11 [- 12.77,
— 1.45]]. Pooled studies show [Heterogeneity: Tau?=36.21; Chi’=83.74, df=5 (P <0.00001); I>=94%. Test for
overall effect: Z=2.46 (P=0.01)]. Hyperglycemia during physical activities were reported by two studies*”*’
which were pooled in this meta-analysis and the results are as follows, [Mean Difference (IV, Random, 95% CI)
—0.00 [- 0.10, 0.10]] Pooled studies show [Heterogeneity: Chi®=3.45, df=1 (P =0.06); *=71%. Test for overall
effect: Z=0.04 (P=0.97)]. Forest plot in Fig. 7a—c are illustrative of these pooled results.

Discussion

A significant morbidity and mortality have been associated with TIDM among adolescents due to its poor
prognosis. Before, SAP therapy was a crucial advancement in diabetes treatment but, currently the development
of CLC insulin delivery systems has been dramatically gaining clinical importance. Till now, there has been no
comprehensive meta-analyses comparing the day and night time efficacy and safety features between traditional
SAP therapy and the currently used CLC insulin delivery for pediatric and adolescents with type 1 diabetes. This
study is the first meta-analysis to examine the day and night time efficacy and safety monitoring comparison
of CLC insulin delivery systems versus SAP therapy in the treatment of adolescents with T1DM. The results
from this study shows the supreme authority of the CLC insulin delivery systems in maintaining all the glyce-
mic outcomes than SAP therapy for day and night values of mean BG, TIR, and SD of glucose variability. This
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Figure 6. (a) Forest plot of comparison: Hypoglycemia-Day. (b) Forest plot of comparison: Hypoglycemia-
Night. (c) Forest plot of comparison: Hypoglycemia-Physical activity.
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Figure 7. (a) Forest plot of comparison: Hyperglycemia-Day. (b) Forest plot of comparison: Hyperglycemia-
Night. (c) Forest plot of comparison: Hyperglycemia-Physical activity.

study considered the monitoring results during daily routine activities along with strenuous physical activities
like skiing and camp activities. Thus, this study, clearly updates and upholds well-defined evidence of the CLC
insulin delivery’s efficacy to be clinically used for young patients with TIDM. The safety comparison results
from this studies identifies that, CLC insulin delivery was associated with fewer AEs, especially hypoglycemic
and hyperglycemic-related events during day and night, than SAP which deems CLC to be an ideal treatment of
choice for adolescents with type 1 diabetes.

Limitations

The limitation of this study is that only 11 RCTs were included, and the number of included patients were limited.
One** among the included studies though it participated adolescent patients, failed to separate the adolescent
result reports from the adults. Many studies and RCTs are concentrated around the insulin therapy of adults and
pediatric TIDM based studies are not given enough attention. Although in this study, CLC insulin delivery was
seen to have decreased risk of AEs, hypoglycemia is still the dominant AE. There is an imminent need of exten-
sive high-quality RCTs to ensure the reliability of this conclusion. The included studies were mostly conducted
in Europe and United States, which may cause a regional bias in identifying with race related outcomes. There
was significant heterogeneity when all the included studies were pooled, which could decrease the reliability of
the results. The included studies used different equipments, which possibly increased the heterogeneity of the
results. This led to the exclusion of studies with conflicting results from the majority of included studies and had
more confidence results. For this reason, random-effects meta-analysis was utilized to incorporate heterogeneity
among studies. Finally, all the 11%-* included studies had the industrial support on their research which can
have potential influence results reported by them, favoring the equipment or technology used in the experiment.

Conclusion

CLC insulin delivery exhibits significantly better day and night efficacy and safety than SAP therapy in adoles-
cents with type 1 diabetes. Closed-loop safely and significantly improves glycemic control, maintains time in
range, reduces hypoglycemia and hyperglycemia in adolescent populations with TIDM. Tedious and continuous
technical improvement of closed-loop systems is required to further improve safety and efficacy, likely through
the development of open-frame, personalized, cloud-based ecosystems.
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