
887

A Physiological Model of the Effect of Hypoglycemia on
Plasma Potassium

Toke Folke Christensen, M.Sc.,1 Martin Bækgaard, B.Sc,1 Jacob Lund Dideriksen, B.Sc.,1
Kristoffer Lindegaard Steimle, B.Sc.,1 Mads Lause Mogensen, B.Sc.,1 Jonas Kildegaard, Ph.D.,2 

Johannes Jan Struijk, Ph.D.,1 and Ole Kristian Hejlesen, Ph.D.1

Author Affiliations: 1Department of Health Science and Technology, Aalborg University, Aalborg, Denmark; and 2Kildegaard Consult, 
Frederiksberg, Denmark

Abbreviations: (DIN) difference in nadir, (NRMSE) normalized root mean squared error, (OGTT) oral glucose tolerance test, (RMSE) root mean 
squared error

Keywords: diabetes, hypokalemia, physiological model, potassium

Corresponding Author: Toke Folke Christensen, Department of Health Science and Technology, Aalborg University, Aalborg, Frederik Bajers Vej 7 D1,  
DK-9220 Aalborg, Denmark; email address tofc@hst.aau.dk

 Journal of Diabetes Science and Technology
 Volume 3, Issue 4, July 2009 
 © Diabetes Technology Society

Abstract

Background:
Adrenaline release and excess insulin during hypoglycemia stimulate the uptake of potassium from the 
bloodstream, causing low plasma potassium (hypokalemia). Hypokalemia has a profound effect on the heart  
and is associated with an increased risk of malignant cardiac arrhythmias. It is the aim of this study to develop a 
physiological model of potassium changes during hypoglycemia to better understand the effect of hypoglycemia on 
plasma potassium.

Method:
Potassium counterregulation to hypokalemia was modeled as a linear function dependent on the absolute 
potassium level. An insulin-induced uptake of potassium was modeled using a negative exponential function,  
and an adrenaline-induced uptake of potassium was modeled as a linear function. Functional expressions for  
the three components were found using published data.

Results:
The performance of the model was evaluated by simulating plasma potassium from three published studies. 
Simulations were done using measured levels of adrenaline and insulin. The mean root mean squared 
error (RMSE) of simulating plasma potassium from the three studies was 0.09 mmol/liter, and the mean 
normalized RMSE was 14%. The mean difference between nadirs in simulated and measured potassium was  
0.12 mmol/liter.

Conclusions:
The presented model simulated plasma potassium with good accuracy in a wide range of clinical settings.  
The limited number of hypoglycemic episodes in the test set necessitates further tests to substantiate the ability 
of the model to simulate potassium during hypoglycemia. In conclusion, the model is a good first step toward  
better understanding of changes in plasma potassium during hypoglycemia.
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