Multivariate Statistical Monitoring Strategy for an Artificial Pancreas Application
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The glucose-insulin dynamics in subjects with type 1 diabetes (T1DM) can change dramatically in response to a number of stimuli, notably stress levels in the body. An effective automatic control algorithm for an artificial pancreas must include a monitoring component to sense these changes and consequently adapt insulin therapy accordingly.
For each of nine T1DM subjects, initial days of multivariate data were collected in normal, ambulatory conditions. The data included continuous (5-min) glucose concentration measurements, basal insulin delivery rates, insulin bolus amounts and times, and subject-reported estimates of the carbohydrate content of meals. Three days of data were then collected during which the subjects were administered prednisone to decrease their insulin sensitivity, thereby simulating acute short-term stress. Additional normal days of data were collected following the stress days. 
Using principal component analysis (PCA), a multivariate statistical technique, empirical models were developed for each subject from several initial days of training data. A standard statistical metric known as the Q statistic was calculated for each day in the training data. From this set of Q statistics, a 95% confidence limit was determined. The remaining test data—both stress days and normal days—were then compared to the models. Q statistics were calculated for each day in the test data and compared to the corresponding confidence limit. If the Q statistic for a test day exceeded the confidence limit, then that day was classified as a stress day.
Because, in general, the scaling of the data affects the results of the PCA, two different scaling methods were investigated: autoscaling and 0-to-1 scaling. Autoscaling the data involves subtracting the mean of each variable and dividing by the standard deviation. The 0-to-1 scaling method, on the other hand, linearly maps the data so that the minimum value for each variable corresponds to 0 and the maximum to 1.

Two measures were used to evaluate the performance of the proposed monitoring technique: the frequency of false positives (classifying a normal day as a stress day), and the frequency of false negatives (classifying a stress day as a normal day). For 37 test subject-days comprising 18 stress days and 19 normal days, the monitoring method using 0-to-1 scaling demonstrated a low rate of both false positives (11%) and false negatives (also, coincidentally, 11%). Using autoscaling, there were no false negatives but there was a high rate of false positives (53%).
These experimental results demonstrate that the proposed monitoring technique can accurately detect pharmacologically simulated stress states in subjects with T1DM. Such a monitoring technique is crucial to the robustness of an artificial pancreas.

