https://doi.org/10.59298/ROJPHM/2025/535861

Efficacy of Artificial Pancreas Systems vs. Standard Insulin
Pump Therapy in Pregnant Women with Type 1 Diabetes

Maina Mwaura F

School of Natural and Applied Sciences Kampala International University Uganda

ABSTRACT

Pregnancy in women with Type 1 Diabetes Mellitus (T1DM) poses significant challenges, requiring stringent
glycemic control to mitigate risks for both mother and fetus. This review evaluated the efficacy of Artificial Pancreas
Systems (APS) compared to standard insulin pump therapy in pregnant women with T1DM, focusing on maternal
glycemic control, neonatal outcomes, and patient satisfaction. APS, which integrates continuous glucose monitoring
(CGM) with automated insulin delivery, has demonstrated superior glycemic control, evidenced by increased time-
in-range (TIR), reduced HbA1c levels, and fewer hypoglycemic and hyperglycemic episodes. These improvements
translate into better neonatal outcomes, including reduced rates of macrosomia, preterm birth, and neonatal
hypoglycemia. Additionally, APS alleviates the burden of diabetes management, enhancing patient satisfaction and
quality of life. However, challenges such as high costs, technical complexity, and the need for long-term safety data
remain. This review synthesized evidence from recent studies, utilizing a systematic literature review methodology
to provide a comprehensive analysis of APS efficacy. The findings highlighted APS as a transformative advancement
in diabetes care during pregnancy, with the potential to improve maternal and neonatal outcomes significantly.
Future research should focus on longitudinal studies to assess long-term impacts and strategies to enhance
accessibility and usability, ensuring broader adoption of this promising technology.
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INTRODUCTION
Pregnancy in women with Type 1 Diabetes Mellitus (T1DM) presents a complex clinical challenge, requiring
meticulous glycemic control to minimize risks to both the mother and the developing fetus [1, 27. Despite advances
in diabetes management, pregnant women with T1DM remain at heightened risk for adverse outcomes, including
preeclampsia, preterm birth, macrosomia, and neonatal hypoglycemia [ '3, 47. Achieving optimal glycemic control, as
measured by time-in-range (TTR) and HbA 1c¢ levels, is critical yet difficult due to the dynamic physiological changes
that occur during pregnancy, such as increased insulin resistance and fluctuating insulin requirements. Traditional
insulin pump therapy, specifically continuous subcutaneous insulin infusion (CSII), has been widely used to manage
T1DM during pregnancy. However, the need for frequent manual adjustments and constant monitoring places a
significant burden on patients, often leading to suboptimal glycemic control. The emergence of Artificial Pancreas
Systems (APS), also known as closed-loop insulin delivery systems, represents a transformative advancement in
diabetes care [5, 6]. APS integrates continuous glucose monitoring (CGM) with automated insulin delivery,
providing real-time adjustments to insulin based on glucose levels. This technology has the potential to revolutionize
diabetes management during pregnancy by improving glycemic control, reducing the burden of self-management,
and enhancing patient satisfaction. Recent studies have demonstrated that APS significantly improves TIR and
reduces the frequency of hypoglycemic and hyperglycemic episodes compared to standard insulin pump therapy.
These improvements in glycemic control are expected to translate into better maternal and neonatal outcomes,
including reduced rates of macrosomia, preterm birth, and neonatal hypoglycemia. Pregnancy in women with
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T1DM is associated with increased insulin resistance, fluctuating insulin requirements, and heightened glycemic
variability [7, 87. These factors complicate diabetes management and increase the risk of maternal and fetal
complications. Standard insulin pump therapy, while eftective, requires frequent manual adjustments and constant
monitoring, placing a significant burden on patients. APS, which integrates continuous glucose monitoring (CGM)
with automated insulin delivery, offers a promising solution by providing real-time adjustments to insulin delivery
based on glucose levels. This technology has the potential to improve glycemic control and reduce the burden of
diabetes management during pregnancy. This review aims to evaluate the efficacy of APS compared to standard
insulin pump therapy in pregnant women with T1DM, focusing on maternal glycemic control, neonatal outcomes,
and patient satisfaction. By synthesizing the latest evidence, this review seeks to provide a comprehensive
understanding of the potential benefits and limitations of APS in this high-risk population, offering valuable
insights for clinicians, researchers, and policymakers.
MATERNAL GLYCEMIC CONTROL
Glycemic control is a critical determinant of pregnancy outcomes in women with T1DM [9, 107]. The primary
metrics for assessing glycemic control include TIR, HbAlc levels, and the frequency of hypoglycemic and
hyperglycemic episodes. Studies have demonstrated that APS significantly improves TIR compared to standard
insulin pump therapy. For instance, APS has been shown to increase the percentage of time spent within the target
glucose range (70-140 mg/dL) by an average of 10-15%, a clinically meaningful improvement. This enhancement
in TIR is attributed to the system's ability to make real-time adjustments to insulin delivery, reducing the likelihood
of prolonged hyperglycemia or hypoglycemia. HbA 1c levels, which reflect long-term glycemic control, also tend to
be lower in women using APS 11, 127]. The automated nature of APS minimizes the risk of human error in insulin
dosing, leading to more stable glucose levels over time. Furthermore, APS has been associated with a reduction in
the frequency and severity of hypoglycemic episodes, a common concern during pregnancy. Hypoglycemia can have
detrimental effects on both the mother and the fetus, including impaired cognitive development and increased risk
of congenital anomalies. By maintaining glucose levels within a narrower range, APS reduces the incidence of these
adverse events.
NEONATAL OUTCOMES
The benefits of improved maternal glycemic control extend to neonatal outcomes. Macrosomia, defined as a birth
weight exceeding the 90th percentile for gestational age, is a common complication in pregnancies complicated by
T1DM [137. Excessive fetal growth is primarily driven by maternal hyperglycemia, which results in increased fetal
insulin production and subsequent growth. APS has been shown to reduce the incidence of macrosomia by
maintaining tighter glycemic control throughout pregnancy. This reduction in macrosomia is associated with alower
risk of birth injuries, such as shoulder dystocia, and a decreased likelihood of requiring cesarean delivery. Preterm
birth, another significant concern in pregnancies complicated by T1DM, is also influenced by maternal glycemic
control [147]. Women using APS have been observed to have a lower incidence of preterm birth compared to those
using standard insulin pump therapy. This reduction is likely due to the improved stability of glucose levels, which
minimizes the risk of placental dysfunction and other complications that can lead to preterm labor. Additionally,
neonatal hypoglycemia, a common complication in infants born to mothers with T1DM, is less frequent in
pregnancies managed with APS. The system's ability to prevent maternal hypoglycemia indirectly reduces the risk
of neonatal hypoglycemia, as the fetus is less likely to experience episodes of low glucose levels in utero.
PATIENT SATISFACTION AND QUALITY OF LIFE
Beyond clinical outcomes, patient satisfaction and quality of life are critical considerations in the management of
T1DM during pregnancy. The burden of diabetes management can be overwhelming, particularly during pregnancy
when the stakes are high. APS has been shown to significantly reduce the burden of diabetes management by
automating insulin delivery and reducing the need for frequent manual adjustments. Women using APS report
higher levels of satisfaction with their diabetes management and a greater sense of control over their condition [15,
167]. The psychological impact of diabetes management during pregnancy should not be underestimated. The
constant need to monitor glucose levels and adjust insulin doses can lead to anxiety and stress, which can negatively
impact maternal and fetal health [17, 187. APS alleviates this burden by providing real-time feedback and automated
adjustments, allowing women to focus on other aspects of their pregnancy. This improvement in quality of life is
particularly important in a population already facing significant physical and emotional challenges.
CHALLENGES AND LIMITATIONS
Despite the promising benefits of APS, there are several challenges and limitations to consider. The cost of APS is
significantly higher than that of standard insulin pump therapy, which may limit access for some patients [197.
Additionally, technology requires a certain level of technical proficiency, which may be a barrier for older patients
or those with limited experience with diabetes technology. Furthermore, while APS has been shown to improve
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glycemic control, it is not a cure for diabetes and requires ongoing monitoring and adjustments by healthcare
providers. Another limitation is the potential for device malfunctions or inaccuracies in glucose readings. While rare,
these events can have serious consequences, particularly during pregnancy. Patients using APS must be educated on
the importance of regular device maintenance and the need for backup insulin delivery methods in case of device
failure. Additionally, the long-term safety and efficacy of APS in pregnant women have not been fully established,
and further research is needed to address these concerns.

FUTURE DIRECTIONS
The field of diabetes technology is rapidly evolving, and future advancements in APS are likely to address many of
the current limitations. Improvements in CGM accuracy, insulin delivery algorithms, and user interface design are
expected to enhance the efficacy and usability of APS [207. Additionally, the integration of APS with other digital
health tools, such as telemedicine platforms, has the potential to further improve diabetes management during
pregnancy. Research is also needed to explore the impact of APS on long-term maternal and child health outcomes.
While the short-term benefits of APS are well-documented, the long-term effects on maternal metabolic health and
child development are less understood. Longitudinal studies following women and their children from pregnancy
through childhood will provide valuable insights into the lasting impact of APS on health outcomes.

CONCLUSION

The review underscores the transformative potential of Artificial Pancreas Systems (APS) in managing Type 1
Diabetes Mellitus (T1DM) during pregnancy, a period marked by heightened risks for both maternal and fetal health.
Compared to standard insulin pump therapy, APS demonstrates superior efficacy in improving maternal glycemic
control, as evidenced by increased time-in-range (TIR), reduced HbA1lc levels, and fewer hypoglycemic and
hyperglycemic episodes. These improvements translate into better neonatal outcomes, including reduced rates of
macrosomia, preterm birth, and neonatal hypoglycemia, which are critical for ensuring the health and well-being of
both mother and child. Additionally, APS significantly alleviates the burden of diabetes management, enhancing
patient satisfaction and quality of life during an already challenging period. However, challenges such as high costs,
technical complexity, and the need for long-term safety data remain barriers to widespread adoption. Despite these
limitations, APS represents a promising advancement in diabetes care, with ongoing technological improvements
likely to address current shortcomings. Future research should focus on longitudinal studies to evaluate the long-
term maternal and child health outcomes associated with APS use, as well as strategies to improve accessibility and
usability. As the field of diabetes technology continues to evolve, APS holds the potential to revolutionize the
management of T1DM in pregnancy, offering hope for improved outcomes and a better quality of life for affected
women and their families.
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