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Researchers at the Penn Rodebaugh Diabetes Center are 

conducting an enrolling clinical trial to assess the safety and efficacy 

of both hybrid closed-loop control and predictive low-glucose 

insulin suspension technology on hypoglycemia and other glycemic 

outcomes, quality of life (QOL), and usability compared with sensor-

augmented pump therapy in older adults with type 1 diabetes (T1D).

Current Diabetes Technologies

The introduction of insulin pumps, continuous glucose monitoring 

sensors and their combination (sensor-augmented pumps), hold 

great promise for the improvement of glycemic control for patients 

with type 1 diabetes (T1D) and advanced type 2 diabetes (T2D). 

However, despite the wide adoption of these technologies, a 2019 

report found that only 21% of American adults with diabetes had 

achieved the American Diabetes Association HbA1c goal of <7.0% 

(53 mmol/mol), and that 7% of adults report having experienced 

a severe hypoglycemic episode resulting in seizure or loss-of-

consciousness in the previous three months. 

Automated closed-loop systems (known informally as artificial 

pancreas systems) offer a further step towards reducing the burden 

of diabetes management. The object of closed-loop systems is 

to replicate the physiology of the pancreas while requiring less 

input from the patient for insulin dosing decisions than is required 

with open-loop control. These systems have three interconnected 

components: a real-time continuous glucose monitoring sensor;  

a control algorithm device (or CAD); and an insulin pump directed by 

the dosing control algorithm.
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�Figure 1: Continuous glucose monitoring profile (top) with sensor communicating insulin pump automating insulin delivery (bottom) by increasing insulin delivery for 
predicted hyperglycemia (red diamonds). User input is required for estimated carbohydrate intake to provide prandial insulin boluses (middle) and can be added for  
sleep (Zzz) and exercise (not shown). 
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In closed-loop mode, the insulin pump uses the control 

algorithms to respond to measured glucose levels, decreasing 

insulin delivery when a patient’s sensor glucose is predicted to 

be low and increasing insulin delivery when a patient’s sensor 

glucose is predicted to be high. Closed-loop systems can be 

designed to deliver insulin alone, or insulin and glucagon or 

another hormone (dual hormone systems), and are classified 

as “hybrid” when basal insulin delivery is automated, but user 

input is required to bolus for carbohydrate intake or administer 

additional corrective insulin doses. Hybrid closed-loop (HCL) 

systems have been in development for more than a decade,  

but it is not yet known whether their complexity provides 

additional glycemic benefit for individuals with hypoglycemia 

unawareness or older adults, populations with T1D at greatest 

risk for experiencing life-threatening episodes of severe 

hypoglycemia. Moreover, problems with mechanical insulin 

delivery and variability of insulin absorption present challenges 

to closed-loop control of blood glucose.

Critical Research Needs in the T1D Population 

Older adults with recent severe hypoglycemia (SH) have a 

remarkably high prevalence of hypoglycemic unawareness 

(the loss of physiological symptoms associated with low 

blood glucose). In addition, aging is associated with normative 

decline in cognitive functioning that may impact diabetes self-

management and contribute to hypoglycemia risk. Among much 

else, hypoglycemia unawareness is associated with a 20-fold 

increased risk for experiencing life-threatening hypoglycemia. 
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Studies suggest that for those with SH within the prior year, 58% have hypoglycemic 

unawareness, compared to 25% in those with no SH in the prior 3 years. 

To date, studies of automated insulin delivery technologies have not included older 

adults in sufficient numbers to allow for focused evaluation of efficacy and QOL 

impacts that may differ from those observed in younger age groups. 

In persons with long-standing T1D, impaired glucose counterregulation when 

combined with hypoglycemic unawareness may substantially increase the risk 

for severe hypoglycemia. Glucose counterregulation is the body’s physiologic 

response to restore normal glucose in the wake of hypoglycemia and becomes 

progressively impaired with longer duration of T1D and with more frequent 

exposure to even mild degrees of hypoglycemia.

Individuals with impaired glucose counterregulation and hypoglycemic unawareness 

are perhaps most in need of new therapeutic strategies. However, in automated 

insulin delivery, sensor overestimation of blood glucose may be a concern for older 

persons, since the patient’s awareness of hypoglycemia would then be dependent 

upon his or her capacity to recognize low blood glucose. Thus, it is critical to 

understand the effects of hybrid closed-loop insulin delivery on physiologic 

defense mechanisms against the development of low blood glucose before fully 

closed-loop control may be acceptable in this population.

CLINICAL STUDIES AT PENN MEDICINE

Currently, the Penn Rodebaugh Diabetes Center is enrolling patients for a clinical 

study in older adults with type 1 diabetes that is evaluating automated insulin 

delivery in the context of hypoglycemia and other glycemic outcomes. This study  

is being sponsored by the National Institute of Diabetes and Digestive  

and Kidney Diseases of the National Institutes of Health. 

Automated Insulin Delivery in Elderly Patients with Type 1 Diabetes (AIDE T1D):

The primary objective of this study in older adults (>65 years) with T1D is to assess 

the safety and effectiveness of a 12-week period of HCL technology use and a  

12-week period of predictive low-glucose insulin suspension (PLGS) on hypoglycemia 

and other glycemic outcomes, QOL and usability in comparison to a 12-week 

period of sensor-augmented pump (SAP) therapy. Secondary objectives include 

identifying participant characteristics associated with optimal outcomes with and 

preference for SAP therapy, HCL technology or PLGS during a 12-week patient 

preference extension period. During all four 12-week study periods participants 

will receive a Tandem (t:slim) insulin pump and Dexcom (G6) continuous glucose 

monitoring system.

Enrollment information for this trial can be obtained by contacting: 

Cornelia V Dalton Bakes at 215.746.2085 or  

corneliv@pennmedicine.upenn.edu.

Additional clinical studies can be found listed here:  

www.med.upenn.edu/idom/trials

ABOUT THE PENN RODEBAUGH  

DIABETES CENTER

The Penn Rodebaugh Diabetes Center at the Hospital 

of the University of Pennsylvania is a state-of-the-art 

facility dedicated to the treatment and prevention 

of diabetes. The Center, unique to the Philadelphia 

region, provides comprehensive care exclusively 

for patients with type 1 diabetes, type 2 diabetes, 

pancreatogenic diabetes, hypoglycemia disorders, 

and related metabolic diseases.

For more information about the Penn Rodebaugh 

Diabetes Center, please visit:  

https://www.pennmedicine.org/practices/

rodebaugh-diabetes-center

ACCESS

Penn Rodebaugh Diabetes Center 
Perelman Center for Advanced Medicine
West Pavilion, 4th Floor
3400 Civic Center Boulevard
Philadelphia, PA
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