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Abstract
Background:

Hypoglycemia and hyperglycemia during closed-loop insulin delivery based on subcutaneous (SC) glucose sensing
may arise due to (1) overdosing and underdosing of insulin by control algorithm and (2) difference between
plasma glucose (PG) and sensor glucose, which may be transient (kinetics origin and sensor artifacts) or
persistent (calibration error [CE]). Using in silico testing, we assessed hypoglycemia and hyperglycemia incidence
during overnight closed loop. Additionally, a comparison was made against incidence observed experimentally
during open-loop single-night in-clinic studies in young people with type 1 diabetes mellitus (T1DM) treated
by continuous SC insulin infusion.

Methods:

Simulation environment comprising 18 virtual subjects with T1DM was used to simulate overnight closed-loop
study with a model predictive control (MPC) algorithm. A 15 h experiment started at 17:00 and ended at
08:00 the next day. Closed loop commenced at 21:00 and continued for 11 h. At 18:00, protocol included meal
(50 g carbohydrates) accompanied by prandial insulin. The MPC algorithm advised on insulin infusion every
15 min. Sensor glucose was obtained by combining model-calculated noise-free interstitial glucose with
experimentally derived transient and persistent sensor artifacts associated with FreeStyle Navigator® (FSN).
Transient artifacts were obtained from FSN sensor pairs worn by 58 subjects with T1DM over 194 nighttime
periods. Persistent difference due to FSN CE was quantified from 585 FSN sensor insertions, yielding
1421 calibration sessions from 248 subjects with diabetes.
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Results:

Episodes of severe (PG ≤ 36 mg/dl) and significant (PG ≤ 45 mg/dl) hypoglycemia and significant hyperglycemia
(PG ≥ 300 mg/dl) were extracted from 18,000 simulated closed-loop nights. Severe hypoglycemia was not
observed when FSN CE was less than 45%. Hypoglycemia and hyperglycemia incidence during open loop was
assessed from 21 overnight studies in 17 young subjects with T1DM (8 males; 13.5 ± 3.6 years of age; body mass
index 21.0 ± 4.0 kg/m2; duration diabetes 6.4 ± 4.1 years; hemoglobin A1c 8.5% ± 1.8%; mean ± standard deviation)
participating in the Artificial Pancreas Project at Cambridge. Severe and significant hypoglycemia during
simulated closed loop occurred 0.75 and 17.11 times per 100 person years compared to 1739 and 3479 times per
100 person years during experimental open loop, respectively. Significant hyperglycemia during closed loop
and open loop occurred 75 and 15,654 times per 100 person years, respectively.

Conclusions:

The incidence of severe and significant hypoglycemia reduced 2300- and 200-fold, respectively, during simulated
overnight closed loop with MPC compared to that observed during open-loop overnight clinical studies in
young subjects with T1DM. Hyperglycemia was 200 times less likely. Overnight closed loop with the FSN and
the MPC algorithm is expected to reduce substantially the risk of hypoglycemia and hyperglycemia.
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