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Abstract

Aim: To evaluate the efficacy and safety of a dual-hormone artificial pancreas (DH) in
type 1 diabetes.

Material and Methods: PubMed, Embase, the Cochrane Library and ClinicalTrials.gov
were searched for studies published up to February 16, 2022. We included random-
ized controlled trials that compared DH with single-hormone artificial pancreas (SH),
continuous subcutaneous insulin infusion (CSIl) or sensor-augmented pumps (SAP),
and predictive low glucose suspend systems (PLGS) in type 1 diabetes. The primary
outcome was percent time in target (3.9-10 mmol/L [70-180 mg/dL]). Data were
summarized as mean differences (MDs) or risk differences (RDs).

Results: A total of 17 randomized crossover trials (438 participants) were included.
There were nine trials of DH versus SH, 13 trials of DH versus SAP/CSII, and two tri-
als of DH versus PLGS. For time in target, DH showed no significant difference in
time in target compared with SH (MD 2.69%, 95% confidence interval [CI] —0.38 to
5.76) but resulted in 16.05% (95% Cl 12.06 to 20.05) and 6.89% (95% Cl 2.63 to
11.14) more time in target range compared with SAP/CSII and PLGS, respectively.
DH slightly reduced time in hypoglycaemia (MD —1.20%, 95% Cl —1.85 to —0.56)
but increased the risk of gastrointestinal symptoms (RD 0.18, 95% CI 0.08 to 0.27)
compared with SH.

Conclusions: The results of this study suggest that DH has a comparable effect on
time in target compared with SH, but is associated with a longer time in target range
compared with SAP/CSII and PLGS. The DH slightly reduced time in hypoglycaemia
but may increase the risk of gastrointestinal symptoms compared with the SH.
PROSPERO registration number: CRD42022314015.
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1 | INTRODUCTION

Type 1 diabetes is a chronic autoimmune disease characterized by
insulin deficiency and resultant hyperglycaemia. Intensive glycaemic
control for type 1 diabetes leads to a reduction in microvascular
complications and cardiovascular morbidity but achieving near nor-
moglycaemia is challenging.2® Many patients with type 1 diabetes
do not achieve glycaemic targets despite improved insulin pumps
and blood glucose meters, continuous glucose monitoring devices,
and integrated sensor-augmented pump systems (SAP) with auto-
matic threshold suspend capabilities.* The artificial pancreas, a novel
technology, is a closed-loop system automatically administering an
appropriate insulin dose based on glucose sensor readings and a
dosing algorithm.> There are two types of artificial pancreas, sin-
gle-hormone systems (SH) that infuse insulin and dual-hormone sys-
tems (DH) that infuse both insulin and glucagon (or pramlintide).
Two meta-analyses concluded that the artificial pancreas systems
could improve glucose control compared with conventional insulin
pump therapy in outpatients with type 1 diabetes, but only seven
trials assessing DH were included.”® To the best of our knowledge,
no previous meta-analysis focusing on DH has been published.
Quantification of the benefits of adding glucagon to the artificial
pancreas is essential because the cost, system complexity, and diffi-
culty of use are lower for the SH.”C It is necessary to synthesize
evidence of DH for glycaemic control in patients with type 1 diabe-
tes. Therefore, we performed a meta-analysis of DH for glycaemic
control in type 1 diabetes compared with SH and other treatments,

both in outpatient and inpatient settings.

2 | METHODS

21 | Datasources and searches

We conducted this meta-analysis according to the Preferred Report-
ing ltems for Systematic reviews and Meta-Analyses (PRISMA)
guidelines,** the protocol was registered on PROSPERO
(CRD42022314015). We searched for literature published on Embase,
PubMed and Cochrane Library, and the grey literature from the
ClinicalTrials.gov website until February 16, 2022. Keywords including
“type 1 diabetes”, “dual-hormone”, and “bihormonal” were used to
search; the detailed search strategy is shown in the Supplementary
material. Our search was restricted to papers published in English.
Additionally, we identified references by searching the reference lists

of included studies and relevant reviews.

2.2 | Study selection

We included randomized controlled trials (RCTs) comparing DH with
SH, SAP or continuous subcutaneous insulin infusion (CSll), and pre-
dictive low glucose suspend systems (PLGS) in adults and children

with type 1 diabetes, irrespective of trial design (parallel or crossover),

setting (outpatient or inpatient), or intervention duration. Outpatient
setting was defined as the participant's home, hotel, or a diabetes
camp. Observational studies, reviews, conference papers, comments
and editorials were excluded.

The primary outcome was the percentage of time of the total
duration of the intervention that blood glucose was within target
range (3.9-10 mmol/L [70-180 mg/dL]).}?> Secondary outcomes
included time in hypoglycaemia (below 3.9 mmol/L [70 mg/dL]), time
in extreme hypoglycaemia (below 3.0 or 3.3 mmol/L [54 or 60 mg/
dL]), time in hyperglycaemia (abovel0 mmol/L [180 mg/dL]), time in
extreme hyperglycaemia (13.9 mmol/L [above 250 mg/dL]), hypogly-
caemic events (as defined in each individual study), and any gastroin-
testinal symptom.

2.3 | Data extraction and quality assessment

Two authors reviewed titles and abstracts independently to identify
eligible studies that met prespecified inclusion criteria and extracted
the data. When consensus was lacking, a third reviewer was con-
sulted. Study characteristics (eg, year of publication, study design, and
sample size), intervention and comparator characteristics, patient
characteristics (eg, age, diabetes duration, and baseline glycated hae-
moglobin [HbA1c]), and outcomes were extracted. The risk of bias of
RCTs was assessed using the Cochrane Collaboration's tool.X® We
extracted 24-hour outcomes for studies conducted over 24 hours and
overnight outcomes for studies conducted overnight. The quality of
evidence for each outcome was evaluated using the Grading of Rec-
ommendations Assessment, Development and Evaluation (GRADE)

framework.#

2.4 | Data synthesis and analysis

We conducted DerSimonian and Laird random-effects meta-analysis
when data were available for at least two studies.'® Three compara-
tors (SH, PLGS and SAP/CSII) were analysed separately. Time in target
range, hypoglycaemia, extreme hypoglycaemia, hyperglycaemia, and
extreme hyperglycaemia were analysed as mean differences (MDs)
with their SEs. Incidence of hypoglycaemic events and any gastroin-
testinal symptoms were pooled as risk differences (RDs) with 95%
confidence intervals (Cls). Medians were assumed to equal means and
the SD was calculated as interquartile range/1.35, as recommended
by the Cochrane Collaboration.'® We combined data from both paral-
lel trials and crossover trials. If crossover trials did not report the mean
and SE of the paired differences, we planned a priori to analyse all
studies using group means and SDs, assuming a correlation coefficient
of 0.5. Because of poor reporting of crossover trials,>” binary data
were pooled in the same way as parallel trials. Statistical heterogene-
ity among the studies was assessed with the chi-squared test and I
statistic. I? values of 25%, 50% and 75% have been suggested to be
indicators of low, moderate and high heterogeneity, respectively.'®

Publication bias was assessed using a funnel plot for the primary
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%
Study Participants ~ Setting Age Intervention duration MD (95% Cl) Weight
SH
Castle (2018) 20 Outpatient 21-45 24h -2.40 (-6.43, 1.63) 14.45
Wilson (2020) 23 Outpatient 21-50 24h —— -1.60 (-5.25, 2.05) 15.13
Haidar (2016) 28 Outpatient 212 Overnight + 0.00 (-6.86, 6.86) 9.82
Haidar_b (2015) 30 Outpatient 12-69 24h —_—— 2.00 (-2.29, 6.29) 13.98
Haidar (2017) 23 Outpatient 19-71 24h -T— 2.70 (-2.78, 8.18) 11.93
Abitbol (2018) 35 Inpatient 218 Overnight —_— 3.46 (-5.97, 12.89) 6.84
Castellanos (2021) 10 Outpatient 21-74 24h —— 7.00 (1.70, 12.30) 12.24
Haidar_a (2015) 33 Outpatient 9-17 Overnight —_—— 8.00 (-4.50, 20.50) 4.59
Haidar (2020) 27 Inpatient 218 24h —_—— 11.00 (4.97, 17.03) 11.04
Subtotal (I-squared = 62.9%, P = 0.006) <> 2.69 (-0.38, 5.76) 100.00
SAP/CSII
Jacobs (2016) 19 Inpatient 1845 22h - 3.00 (-2.70, 8.70) 8.92
Haidar (2017) 20 Outpatient 19-71  24h —_— 3.20 (-5.73, 12.13) 7.06
Castle (2018) 20 Outpatient 21-45 24h —— 8.80(2.17, 15.43) 8.38
Russell_b (2014) 20 Outpatient 12-20 24h — 12.24 (8.00, 16.48) 9.70
Haidar (2013) 30 Inpatient 218 15h -1 13.40 (-3.32,30.12)  3.75
Haidar_b (2015) 33 Outpatient 12-69 24h —— 15.00 (7.72, 22.28) 8.00
Blauw (2016) 21 Outpatient 18-75 24h —— 16.20 (5.45, 26.95) 6.09
El-Khatib (2017) 10 Outpatient 218 24h - 16.50 (14.62, 18.38)  10.64
Russell_a (2014) 15 Outpatient 21-75 24h —_—— 20.70 (15.14, 26.26)  9.00
Haidar (2016) 23 Outpatient 212 Overnight ——— 22.00 (12.67,31.33) 6.83
Russell (2016) 32 Outpatient  6-11 24h —_—— 23.00 (17.55, 28.45)  9.06
Blauw (2021) 39 Outpatient 218 24h —— 28.40 (22.70,34.10) 8.92
Haidar_a (2015) 28 Outpatient 9-17  Overnight 33.00 (16.00, 50.00)  3.67
Subtotal (I-squared = 82.5%, P = 0.000) O 16.05 (12.06, 20.05)  100.00
PLGS
Castle (2018) 20 Outpatient 2145 24h —_—— 6.50 (1.08, 11.92) 61.47
Wilson (2020) 23 Outpatient 21-50 24h ——— 7.50 (0.65, 14.35) 38.53
Subtotal (l-squared = 0.0%, P = 0.822) O 6.89 (2.63, 11.14) 100.00
NOTE: Weights are from random effects analysis
| |

FIGURE 1

-20 0 20

Forest plot for time in target range comparing dual-hormone artificial pancreas systems (DH) with single-hormone artificial

pancreas systems (SH), sensor-augmented pumps (SAP)/ continuous subcutaneous insulin infusion (CSIl), and predictive low glucose suspend

systems (PGLS). MD, mean difference

outcome and Egger's test,?”?° where a P value less than 0.05 indi-
cates the presence of publication bias.

For the primary outcome, we conducted prespecified subgroup
analyses based on study setting (outpatient or inpatient), population
(adult or adolescent), and duration of intervention (24 hours or
overnight). P for the difference was calculated using random-effects
meta-regression, and a difference between the estimates of these
subgroups was considered significant if Piseraction < 0.10.22 All the

analyses were performed with Stata 14.

3 | RESULTS

3.1 | Characteristics of included studies

This systematic literature search initially identified 460 records and,

after excluding duplicates and irrelevant papers, 53 papers were

evaluated in full text for eligibility (Figure S1). Finally, 17 randomized
crossover trials (438 participants) in 16 papers were included in the
present meta-analysis.”?2-3 Five studies were three-way crossover

9:29-31.36 3nd one study was a four-way crossover trial.2¢ We

trials,
included nine trials in the analysis of DH versus SH, 13 trials of DH
versus SAP/CSII, and two trials of DH versus PLGS. Three trials only
enrolled adolescents,??3*> two trials”®! enrolled patients aged
12 and above but only one trial® reported the results of adolescents.
Insulin and glucagon artificial pancreas systems were used in all tri-
als, except one®2 which used an insulin and pramlintide artificial pan-

in the United
9,22,28-32

creas system. Eight trials were conducted
States, 25273336 seven were conducted in Canada, and two
were conducted in the Netherlands.?®?4 Four trials had inpatient

Settingsy22,28,32,33

and the remaining 13 trials had outpatient set-
tings. The characteristics of individual studies are summarized in
Table 1. Most examined items were assessed as being of low or

unclear risk of bias except blinding. Because of the nature of the
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%
Study Participants ~ Setting Age Intervention duration MD (95% Cl) Weight
SH
Haidar (2017) 23 Outpatient 19-71 24h — -2.30 (-3.57,-1.03) 11.94
Castellanos (2021) 10 Outpatient 21-74 24h - -2.00 (-2.92, -1.08) 15.33
Haidar_a (2015) 33 Outpatient 9-17  Overnight —_—— -2.00 (-4.25, 0.25) 6.01
Castle (2018) 20 Outpatient 21-45 24h - -1.50 (-2.15, -0.85) 18.14
Haidar_b (2015) 30 Outpatient 12-69 24h —_— -1.00 (-2.82, 0.82) 8.01
Wilson (2020) 23 Outpatient 21-50 24h - -0.80 (-1.41,-0.19) 18.56
Haidar (2016) 28 Outpatient 212 Overnight —_—— 0.00 (-3.02, 3.02) 3.80
Haidar (2020) 27 Inpatient 218 24h - 0.00 (-0.64, 0.64) 18.20
Subtotal (I-squared = 67.8%, P = 0.003) <> -1.20 (-1.85, -0.56) 100.00
SAP/CSII
Haidar (2013) 30 Inpatient 218 15h —— -10.20 (-14.62,-5.78) 4.84
Haidar_b (2015) 33 Outpatient 12-69 24h ——— -9.70 (-13.34,-6.06) 6.20
Haidar (2016) 23 Outpatient 212 Overnight - -7.00 (-13.86,-0.14) 2.46
Haidar (2017) 20 Outpatient 19-71 24h —— -4.00 (-6.57,-1.43) 8.83
Russell_a (2014) 15 Outpatient 21-75 24h —— -3.20 (-5.05, -1.35) 11.09
Castle (2018) 20 Outpatient 21-45 24h —_— -1.80 (-3.04, -0.56) 13.08
Russell_b (2014) 20 Outpatient 12-20 24h —— -1.80 (-3.33,-0.27) 12.16
Haidar_a (2015) 28 Outpatient 9-17  Overnight ——t— -1.70 (-4.55, 1.15) 8.06
Blauw (2021) 39 Outpatient 218 24h — -1.70 (-2.75, -0.65) 13.65
Jacobs (2016) 19 Inpatient ~ 18-45 22h - -1.30 (-2.16, -0.44) 1417
Blauw (2016) 21 Outpatient 18-75 24h —— -1.10 (-5.14, 2.94) 545
Subtotal (l-squared = 74.8%, P = 0.000) 0 -3.04 (-4.22,-1.87) 100.00
PLGS
Wilson (2020) 23 Outpatient 21-50 24h - -1.00 (-1.76, -0.24) 36.68
Castle (2018) 20 Outpatient 21-45 24h - -0.70 (-1.28,-0.12) 63.32
Subtotal (l-squared = 0.0%, P = 0.539) <> -0.81 (-1.27,-0.35) 100.00
NOTE: Weights are from random effects analysis
I | I
-5 0 5

FIGURE 2

Forest plot for time in hypoglycaemia comparing dual-hormone artificial pancreas systems (DH) with single-hormone artificial

pancreas systems (SH), sensor-augmented pumps (SAP)/ continuous subcutaneous insulin infusion (CSIl), and predictive low glucose suspend

systems (PGLS). MD, mean difference

intervention, blinding for participants and personnel was impractica-
ble. The detailed risk of bias assessment results are shown in
Table S1. The quality of evidence for each outcome was rated
according to the GRADE framework (Table S2).

3.2 | Primary outcome

All meta-analysis results are presented as pooled effect estimates for
DH versus control treatments. There was no significant difference in
time in target range between DH and SH in nine trials (MD 2.69%,
95% Cl —0.38 to 5.76, P = 0.09, I* = 63%; GRADE: low). Compared
with SAP/CSII, DH resulted in 16.05% (95% Cl 12.06 to 20.05, P
< 0.001, I? = 83%; GRADE: moderate) more time in target range in 13
trials. Compared with PLGS, DH increased 6.89% (95% Cl 2.63 to
11.14, P = 0.002, I> = 0%; GRADE: low) more time in target range in

two trials (Figure 1).

The primary outcomes stratified by study setting, population and
duration of intervention are shown in Table S3. Compared with SH,
the use of DH showed a significant improvement (P = 0.03) in time in
target range in inpatient settings (without exercise) but not in outpa-
tient settings, and a significant interaction (P = 0.09) was observed.
No significant difference was observed in other subgroup analyses
comparing DH with SH. When comparing DH with SAP/CSII, outpa-
tient setting was associated with a greater difference for time in tar-
get compared with inpatient setting (with exercise), although the test
for interaction was not significant (P = 0.11). The more favourable
effect of DH use compared with SAP/CSII use was more evident for
time in target range in overnight and adolescent subgroup analyses.
No subgroup analysis was performed for DH versus PLGS because
only two trials were included.

A post hoc sensitivity analysis was performed by excluding a rapid
insulin and pramlintide artificial pancreas system.3? The time in target
range was also similar in the DH and SH groups (MD 1.38%, 95% Cl



%
Study Participants ~ Setting Age Intervention duration MD (95% Cl) Weight
SH
Haidar (2020) 27 Inpatient 218 24h —— -10.00 (-14.90, -5.10) 11.95
Castellanos (2021) 10 Outpatient 21-74 24h —_—— -8.00 (-12.96, -3.04) 11.88
Abitbol (2018) 35 Inpatient 218 Overnight —— -5.69 (-13.70, 2.33) 8.15
Haidar_a (2015) 33 Outpatient 9-17 Overnight —_—— -5.00 (-18.50, 8.50) 4.22
Haidar (2017) 23 Outpatient 19-71  24h + -0.40 (-6.70, 5.90) 10.12
Haidar (2016) 28 Outpatient 212 Overnight --- 0.00 (-2.19, 2.19) 15.38
Haidar_b (2015) 30 Outpatient 12-69 24h —0— 0.00 (-4.65, 4.65) 12.29
Wilson (2020) 23 Outpatient 21-50 24h =— 3.10 (-0.66, 6.86) 13.50
Castle (2018) 20 Outpatient 21-45 24h —— 3.80 (-0.69, 8.29) 12.51
Subtotal (I-squared =75.1%, P = 0.000) C> -1.97 (-5.18,1.24) 100.00
SAP/CSII
Haidar_a (2015) 28 Outpatient 9-17  Overnight - -27.00 (-44.00,-10.00) 4.26
Blauw (2021) 39 Outpatient 218 24h —_—— -26.20 (-32.70,-19.70)  8.11
Russell (2016) 32 Outpatient  6-11 24h —— -19.80 (-25.95,-13.65)  8.25
Russell_a (2014) 15 Outpatient 21-75 24h —_—— -17.30 (-23.53,-11.07)  8.22
El-Khatib (2017) 10 Outpatient 218 24h - -13.80 (-15.89,-11.71) 943
Blauw (2016) 21 Outpatient 18-75 24h —_— -12.40 (-22.13, -2.67) 6.81
Russell_b (2014) 20 Outpatient 12-20 24h —_—— -9.60 (-14.23, -4.97) 8.79
Castle (2018) 20 Outpatient 21-45 24h —— -7.00 (-13.94, -0.06) 7.94
Haidar_b (2015) 33 Outpatient 12-69 24h —_— -6.00 (-14.01, 2.01) 751
Haidar (2016) 23 Outpatient 212 Overnight —t -2.00 (-6.39, 2.39) 8.86
Jacobs (2016) 19 Inpatient 18-45 22h —_—r -2.00 (-6.47,2.47) 8.84
Haidar (2013) 30 Inpatient 218 15h g 3.70 (-12.37,19.77) 452
Haidar (2017) 20 Outpatient 19-71  24h - 4.10 (-1.47,9.67) 8.46
Subtotal (I-squared = 89.0%, P = 0.000) O -10.17 (-14.87, -5.46) 100.00
PLGS
Wilson (2020) 23 Outpatient 21-50 24h ———— -6.50 (-13.02, 0.02) 42.53
Castle (2018) 20 Outpatient 21-45 24h —— -5.90 (-11.51, -0.29) 57.47
Subtotal (I-squared =0.0%, P = 0.891) 0 -6.16 (-10.41, -1.90) 100.00
NOTE: Weights are from random effects analysis
| |
-20 0 20

FIGURE 3

Forest plot for time in hyperglycaemia comparing dual-hormone artificial pancreas systems (DH) with single-hormone artificial

pancreas systems (SH), sensor-augmented pumps (SAP)/ continuous subcutaneous insulin infusion (CSll), and predictive low glucose suspend

systems (PGLS). MD, mean difference

—1.14 to 3.90, P = 0.28, I? = 40%). There was no significant publica-
tion bias, based on Egger's test, among the studies that compared DH
with SH (P = 0.13) and SAP/CSII (P = 0.98), and the funnel plots did

not show evidence of publication bias visually (Figures S2 and S3).

3.3 | Second outcomes
In eight trials, DH showed more favourable effects on time in hypo-
glycaemia compared with SH (MD —1.20%, 95% Cl —1.85 to —0.56,
P <0.001, > =68%), compared with SAP/CSIl in 11 trials
(MD —3.04%, 95% Cl —4.22 to —1.87, P < 0.001, I? = 75%), and com-
pared with PLGS in two trials (MD —0.81%, 95% Cl —1.27 to —0.35,
P = 0.001, I? = 0% [Figure 2]).

Time in extreme hypoglycaemia was shortened by DH use com-
pared with SH in eight trials (MD —0.15%, 95% Cl —0.28 to —0.02,
P = 002, > =26%) and compared with SAP/CSIl in 12 trials

(MD —1.31%, 95% Cl —1.87 to —0.76, P < 0.001, I> = 86%), but there
was no difference between DH and PLGS in two trials (MD —0.03%,
95% Cl —0.16 to 0.10, P = 0.65, 12 = 0% [Figure 54]).

There was no difference in time in hyperglycaemia between DH
and SH in nine trials (MD —1.97%, 95% Cl —5.18 to 1.24, P = 0.23,
I? = 75%). DH was associated wth 10.17% (95% Cl —14.87 to —5.46,
P < 0.001, I? = 89%) less time in hyperglycaemia compared with SAP/
CSll in 13 trials. Similarly, DH resulted in 6.16% (95% Cl —10.41 to
—1.90, P = 0.005, 12 = 0%) less time in hyperglycaemia compared
with PLGS in two trials (Figure 3).

For time in extreme hyperglycaemia, there was no significance
when comparing DH with SH in four trials (MD 1.03%, 95% ClI
—0.86 t0 2.92, P = 0.29, I?> = 76%) and DH with PLGS in two trials
(MD —1.56%, 95% Cl —3.65 to 0.53, P = 0.14, I? = 0%). DH
resulted in 5.89% (95% Cl —8.65 to —3.13, P < 0.001, I?> = 63%)
less time in hyperglycaemia compared with SAP/CSII in five trials
(Figure S5).
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There was no significant difference in the risk of hypoglycaemic
events between DH and SH in six trials (RD —0.07, 95% Cl —0.14 to
0.001, P = 0.05, I> = 0%) but DH was associated with a lower risk of
hypoglycaemic events in five trials compared with SAP/CSII
(RD —0.35, 95% Cl —0.47 to —0.23, P < 0.001, I?> = 0% [Figure S6)).

In four trials, DH was associated with a higher risk of any gastro-
intestinal symptoms compared with SH (RD 0.18, 95% Cl| 0.08 to
0.27, P <0.001, I’ =0%), compared with SAP/CSIl in six trials
(RD 0.13, 95% Cl 0.05 to 0.21, P = 0.002, I> = 30%), and compared
with PLGS in two trials (RD 0.15, 95% Cl 0.01 to 0.30, P = 0.04,
I? = 0% [Figure S7]).

4 | DISCUSSION

This meta-analysis included 17 randomized crossover trials involving
438 patients, and provided an overview of glycaemic control of DH
compared with SH, SAP/CSII and PLGS in patients with type 1 diabe-
tes. This study demonstrated that DH had a comparable effect on the
proportion of time in target compared with SH, but had favourable
effects compared with SAP/CSII and PLGS in outpatients with type
1 diabetes. Similar results were observed after stratifying by popula-
tion (adult or adolescent) and duration of intervention (24 hours or
overnight) when comparing DH with SH and SAP/CSII. Use of DH
slightly reduced time in hypoglycaemia compared with SH, SAP/CSII
and PLGS, and significantly decreased time in hyperglycaemia com-
pared with SAP/CSII and PLGS. It should also be noted that DH was
associated with a higher risk of gastrointestinal symptoms than the
other three comparators. This is the first comprehensive meta-analysis
to investigate the efficacy and safety of DH compared with other
treatments in patients with type 1 diabetes.

Previous meta-analyses focused on the comparison between SH
and SAP/CSII, and SH showed favourable effects both overnight and
over a 24-hour period.”®%7%8 Our study showed that DH had a
favourable effect compared with SAP/CSII. Two studies demonstrated
that DH use was associated with a greater improvement in time in tar-
get range compared with SH in subgroup analysis,”® which is inconsis-
tent with our meta-analysis; however, our study included more trials,
performed a head-to-head comparison, and was more reliable. No
previous meta-analysis has been conducted to compare glycaemic
control between DH and PLGS. Characteristics of different artificial
pancreas systems and conventional insulin treatments have been
reviewed comprehensively in two reviews.®>?

At first, we used a correlation coefficient of 0.5 to calculate the
mean and SE of the paired differences if there was no reporting in
crossover trials. Post hoc validation for correlation coefficient was
performed using a method recommended by the Cochrane
Collaboration,*® and was 0.53 for time in target in one trial.3

In subgroup analyses of DH versus SH, time in target was nonsig-
nificantly higher in the outpatient setting, but was significantly higher in
the inpatient setting. The inpatients in two trials were asked to refrain
from vigorous exercise.?>*2 An outpatient environment is more chal-

lenging than an inpatient one because large variations in meals and

activity levels influence insulin requirements.* In subgroup analyses of
DH versus SAP/CSII, time in target was significantly higher in the out-
patient setting, but nonsignificant in the inpatient setting. Only two tri-
als were conducted in inpatient settings, therefore the Cl was wide due
to lower power. The intervention period consisted of an exercise ses-
sion in two trials.?33

There was clinical heterogeneity across studies because of differ-
ences in study settings, duration of intervention, patient age, insulin
and glucagon preparations, continuous glucose monitoring systems,
artificial pancreas algorithms, and insulin pumps. For the primary out-
come, studies that compared DH with SAP/CSII had higher statistical
heterogeneity than studies that compared DH with SH (> 83%
vs. 63%). Only the subgroup analysis for study setting explained sub-
stantial heterogeneity. Heterogeneity was moderate or high for time
in target, time in hypoglycaemia, and time in hyperglycaemia when
comparing DH with SH and SAP/CSII. There was very low heteroge-
neity in two trials that compared DH with PLGS.

This study demonstrated that DH therapy increased the risk of
gastrointestinal symptoms, both in insulin and glucagon systems and
in an insulin and pramlintide system in type 1 diabetes. Although most
gastrointestinal symptoms reported are mild or moderate and may be
alleviated by some treatments, this adverse effect is a potential limita-
tion when using DH in the real world.3¢ Improving compliance is
important for use of artificial pancreas therapy in a real-world
setting.*°

This study has several strengths. The meta-analysis was per-
formed according to the PRISMA guidelines and a protocol regis-
tered in PROSPERO. We conducted a comprehensive search of
multiple databases and included all available RCTs that evaluated
DH with three comparators. The risk of bias for included trials was
assessed using a valid methodological tool, and the quality of evi-
dence for each outcome was evaluated using GRADE. Subgroup ana-
lyses were performed to explain heterogeneity, and sensitivity
analyses were conducted to examine the robustness of the findings.
We also acknowledge some limitations. First, the sample size was
small in each trial, reducing the precision of effect estimates. Second,
most included trials were considered to have a high risk of perfor-
mance bias owing to the infeasibility of blinding patients and physi-
cians to the allocation assignments. Third, statistical assumptions
were made in this study; we retrieved means and SDs from medians
and interquartile ranges, respectively. This could be most problem-
atic within the secondary analysis of time in extreme hypoglycaemia
and time in extreme hyperglycaemia, and a correlation coefficient of
0.5 was assumed to calculate the mean and SE of the paired differ-
ences. Fourth, there was moderate or high heterogeneity for time in
target, time in hypoglycaemia, and time in hyperglycaemia. Fifth, the
evidence for DH versus SH was insufficient as only two studies that
examined this were included. Sixth, the heterogeneity statistic I
could be biased in the subgroup analyses due to the small number of
studies.*! Finally, the results of this meta-analysis might not apply to
some clinically relevant subgroups, such as those with increased
hypoglycaemia burden, hypoglycaemia unawareness, and high
HbA1c levels.
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In conclusion, the results of this meta-analysis suggest that DH
therapy has a comparable effect on time in target range compared
with SH and increased percentage of time in target range compared
with SAP/CSII and PLGS, respectively. Use of DH slightly reduced
time in hypoglycaemia compared with SH, SAP/CSII and PLGS, and
decreased time in hyperglycaemia compared with SAP/CSII and PLGS.
It should be noted that DH may be associated with an increased risk
of gastrointestinal symptoms. Cost-effectiveness should be analysed

and compared between DH and SH in further research.
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