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Abstract
Background:
Avoiding hypoglycemia while keeping glucose within the narrow normoglycemic range (70–120 mg/dl) is a 
major challenge for patients with type 1 diabetes. Continuous glucose monitors can provide hypoglycemic alarms  
when the measured glucose decreases below a threshold. However, a better approach is to provide an early alarm 
that predicts a hypoglycemic episode before it occurs, allowing enough time for the patient to take the 
necessary precaution to avoid hypoglycemia.

Methods:
We have previously proposed subject-specific recursive models for the prediction of future glucose 
concentrations and evaluated their prediction performance. In this work, our objective was to evaluate this 
algorithm further to predict hypoglycemia and provide early hypoglycemic alarms. Three different methods were 
proposed for alarm decision, where (A) absolute predicted glucose values, (B) cumulative-sum (CUSUM) control 
chart, and (C) exponentially weighted moving-average (EWMA) control chart were used. Each method was 
validated using data from the Diabetes Research in Children Network, which consist of measurements from a 
continuous glucose sensor during an insulin-induced hypoglycemia. Reference serum glucose measurements 
were used to determine the sensitivity to predict hypoglycemia and the false alarm rate.

Results:
With the hypoglycemic threshold set to 60 mg/dl, sensitivity of 89, 87.5, and 89% and specificity of 67, 74, and 78% 
were reported for methods A, B, and C, respectively. Mean values for time to detection were 30 ± 5.51 (A), 
25.8 ± 6.46 (B), and 27.7 ± 5.32 (C) minutes.

Conclusions:
Compared to the absolute value method, both CUSUM and EWMA methods behaved more conservatively 
before raising an alarm (reduced time to detection), which significantly decreased the false alarm rate and 
increased the specificity.
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