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Abstract

Our team’s previous meta-analysis aimed to evaluate the efficacy and safety of closed-loop insulin system (CLS) in non-pregnant individuals 
with type 1 diabetes mellitus (T1DM). In this study, we aim to discuss the broader application of CLS in a more diverse population and address 
the current challenges and future development directions. Through a comprehensive review of relevant literature, our findings indicate 
that CLS not only effectively lowers glucose levels in T1DM patients but also demonstrates greater effectiveness and safety when utilized in 
pregnant women with T1DM, patients with type 2 diabetes mellitus (T2DM), those undergoing hemodialysis, or individuals requiring surgery. 
Recent studies have also explored the impact of CLS therapy on quality of life, neurological function, and C-peptide levels. Nevertheless, 
despite these promising results, CLS still encounters challenges in clinical practice, such as technological maturity, cost-effectiveness, and 
personalized treatment approaches. Therefore, further research and development of CLS technology are imperative to facilitate its broader 
adoption among diverse populations and address the current obstacles to its implementation. 
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Commentary

Closed-loop insulin system (CLS) is a remarkable innovative 
technology that has brought new hope to diabetes patients. 
In a meta-analysis published by us in 2022, we evaluated 
non-pregnant type 1 diabetes patients (T1DM) with a study 
duration of ≥ 8 weeks, and significant results were achieved. 
The analysis included ten articles [1-10], covering 11 studies 
with 817 participants. Our research findings demonstrated a 
significant improvement in glycemic control with a long-term 
CLS treatment compared to conventional treatment methods. 
Specifically, the CLS increased the time spent within the target 
glucose range (3.9-10 mmol/L) by 2.5 hours, corresponding 
to an improvement of 10.32 percentage points. Additionally, 
there was a reduction of approximately 15.7 minutes per day 
in hypoglycemia time (<3.9 mmol/L), equivalent to a decrease 
of 1.09 percentage points. The time spent in hyperglycemia 
(>10 mmol/L) decreased by approximately 128 minutes per 

day, equivalent to a reduction of 8.89%. Glycated hemoglobin 
(HbA1c) levels decreased by 0.30%. Furthermore, our analysis 
indicated no significant difference in the risk of adverse events 
between the closed-loop system and conventional treatment 
methods [11]. Through a comprehensive review of relevant 
literature, this study aims to explore the broader application 
of CLS in a more diverse population and discuss the current 
challenges and future development directions.

In addition to non-pregnant individuals with T1DM, CLS 
delivery systems have also been evaluated in other diabetes 
patients. For adults with onset type 1 diabetes (ADAPT), the 
use of CLS has shown more significant benefits compared to 
multiple daily injections of insulin with sensor-augmented 
pump (SAP) therapy, supporting the broader adoption of CLS 
in T1DM with suboptimal glycemic control [12]. In pregnant 
women with T1DM, CLS can achieve better glycemic control 
and maintain stable glucose levels [13-15]. However, a 28-
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day study published in 2018 indicated that the day and night 
CLS was safe and effective in pregnant women, effectively 
controlling glucose levels in a wide range of T1DM pregnancies. 
However, the study did not observe any differences between 
groups regarding the target glucose range, average glucose 
levels, or glycated hemoglobin (HbA1c) levels. However, 
the group using the day and night closed-loop system 
experienced a lower frequency of maternal hypoglycemic 
events and reduced overall exposure to hypoglycemia and 
nocturnal hypoglycemia [16]. The results of this study suggest 
potential advantages for the day and night closed-loop insulin 
delivery system in pregnant women with type 1 diabetes. It 
can provide more stable blood glucose control, reduce the 
occurrence of hypoglycemic events, and offer better health 
outcomes for both mother and baby. However, further 
research is needed to evaluate the long-term effectiveness 
and safety of closed-loop treatment during pregnancy and 
conduct more extensive studies on its impact on newborns.

Indeed, in addition to the use of closed-loop systems (CLS) 
in patients with type 1 diabetes (T1DM), recent studies have 
explored the effectiveness and safety of CLS in patients with 
type 2 diabetes (T2DM). The latest research indicates that CLS 
is a safe and effective approach to improve glycemic control 
in T2DM patients during outpatient settings over eight weeks. 
Compared to standard insulin therapy, the CLS increased the 
proportion of time spent within the target blood glucose range 
by 35 percentage points (equivalent to an additional 8 hours 
per day). It reduced average glucose levels without increasing 
the duration of hypoglycemia [17]. In addition to outpatient 
settings, CLS has also been found to improve glycemic 
control and reduce the occurrence of hypoglycemic events in 
hospitalized patients with T2DM [18,19] and in T2DM patients 
undergoing hemodialysis [20,21]. For patients undergoing 
elective surgeries and pancreatic surgeries, CLS has also been 
demonstrated as an effective method for improving glycemic 
control without increasing the risk of hypoglycemia during 
the perioperative period [22,23].

In addition to improving glycemic control, closed-loop 
insulin pumps have also shown other effects. One study 
compared the impact of closed-loop treatment and standard 
insulin therapy on C-peptide secretion in newly diagnosed 
T1DM patients. Although the study results showed no 
significant difference in the area under the curve (AUC) for 
C-peptide levels between the CLS group and the control 
group at 12 and 24 months, the CLS group had significantly 
lower levels of HbA1c with reductions of 4 mmol/mol and 
11 mmol/mol, respectively, compared to the control group 
[24]. Another study investigated the impact of hybrid CLS on 
neurodevelopmental and cognitive outcomes in adolescents 
with tT1DM. The study found that the CLS significantly 
improved specific neurodevelopmental indicators, such 
as cortical surface area, regional gray matter volume, and 
fractional anisotropy [25]. In addition, CLS therapy has been 
found to improve the quality of life in children, adolescents, 
and elderly patients with type 1 diabetes by improving 

sleep, reducing diabetes-related psychological burden, and 
simultaneously improving blood glucose levels [26-28].

However, the widespread adoption of CLS faces several 
challenges. These include technical issues such as sensor 
accuracy, pump malfunctions or connectivity problems, device 
burden, and complexity, cost considerations, user training 
and support, psychosocial factors, and limitations imposed by 
healthcare insurance and policies. A comprehensive approach 
involving technological improvements, cost-effectiveness, 
education support, and policy support is necessary to 
overcome these challenges. 

There are numerous potential directions for the development 
of closed-loop insulin pumps. Technological advancements will 
enhance the accuracy, stability, and reliability of continuous 
glucose monitors and insulin pumps. Devices will become 
smaller, more portable, and more accessible for patients to 
wear and use. Data integration and artificial intelligence will 
enable more accurate blood glucose predictions and insulin 
adjustments. Remote monitoring and support will allow 
real-time monitoring of patients’ glucose data and provide 
personalized support and guidance. Smartphone applications 
and connectivity will enable patients to conveniently 
monitor and control their blood glucose levels and facilitate 
communication with healthcare teams. Automation 
and human-computer interaction will minimize patient 
intervention and operation while providing a more intuitive 
and user-friendly control interface. CLS may also incorporate 
additional functionalities, such as activity monitoring, diet 
management, medication administration, etc., to provide 
comprehensive diabetes management support for patients.

In conclusion, the prospects for developing closed-
loop insulin pumps are promising. Through continuous 
technological improvements and innovations and addressing 
relevant challenges, CLS will provide diabetes patients with 
more effective and convenient tools for glucose management, 
improving their quality of life and reducing the risk of 
complications.
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