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Non-linearity of insulin kinetics 

Dear Sir, 
Non-proportionality between plasma concentration and plasma 

disappearance rate of insulin in normal subjects was first reported by 
S6nksen and coworkers in 1973 [1]. The issue has since been con- 
troversial [2-6]. A recent paper by deFeo et al. [7] in Diabetologia ad- 
dresses the problem in Type I (insulin-dependent) diabetic patients. 
The authors conclude from intravenous insulin infusions at three 
rates (0.13, 0.20 and 0.40 mU x kg -1 x min -a corresponding to 0.0008, 
0.0012 and 0.0025 nmol × k g - l x  rain-l;  1 nmol=162mU) that the 
metabolic clearance rate of insulin is independent of plasma insulin 
concentration at the narrow concentration range studied (10-40 mU/1 
or 0.06-0.25 nmol/1). The same conclusion was reached by Frost and 
coworkers [8] from four-step insulin infusions at the concentration 
range 5-300 mU/1 (0.03-1.9 nmol/1). Thus, divergent results exist be- 
tween normal subjects and Type I diabetic patients. 

A straightforward way to answer the question whether the plasma 
disappearance rate of insulin is proportional to the insulin concentra- 
tion (i. e. linearity of the insulin system) is constant infusion of insulin 
to different levels of steady state plasma insulin concentrations. We 
did two series of such experiments in normal subjects and Type 1 dia- 
betic patients employing (a) insulin infusion rates to physiological 
(<  300 mU/1 or 1.9 nmol/1, [6] and supraphysiological insulin levels, 
(b) normoglycaemia and (c) appropriate model validation procedures 
[9]. Data from these studies are summarized in Figure 1. In normal 
subjects, we could demonstrate existence of only saturable mecha- 
nisms at both physiological (unpublished data) and supraphysiologi- 
cal [5] insulin levels. In Type 1 diabetic patients, linearity existed at 
lower insulin concentrations (unpublished data); however, the mini- 
mal acceptable model included saturation kinetics alone in most dia- 
betic patients at higher insulin levels [10]. The median metabolic clear- 
ance rate of insulin at low (physiological) insulin concentrations was 
27% lower in diabetic patients (19 ml × kg -1 x rain -1) than in normal 
subjects (26ml × k g - l ×  min -a) (2 p<0.0005 by the Mann-Whitney 
test). Clearance values of the same magnitude have been reported by 
others in man [1, 8] and dog [11-13]. 

Thus, both qualitative and quantitative differences in insulin ki- 
netics emerge between normal subjects and Type 1 diabetic patients 
within the physiological insulin concentration range when insulin ki- 
netics are studied by this straightforward methodology. The issue is of 
considerable importance [6], because saturability of insulin kinetics 
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Fig. 1. Insulin concentration versus infusion rate in normal subjects 
and Type 1 diabetic patients during normoglycaemic glucose clamp. 
Mean data from experiments in six (* *) and eight (O-----O) normal 
subjects and in six (* ..... *) and twelve (O ..... 0 )  diabetic patients. 
Data are linearly interpolated 

invalidates studies based upon the assumption of the existence of first 
order kinetics. Other groups have failed to demonstrate saturation ki- 
netics in normal subjects, probably due to the narrow range of insulin 
levels studied. The narrower the range, the more linear the system ap- 
pears, and the more difficult will any demonstration of non-linearity 
be due to signal-to-noise ratio problems. By analogy, the horizon 
seems linear but the world is round. 

Sincerely yours, 
B. Thorsteinsson, S. Fugleberg and C. Binder 
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