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ABSTRACT

Twelve subjects, normal volunteers and obese, with BMI between 18.5 and 48.1 have been studied with a long-duration (four hours) Euglycemic Hyperinsulinemic Clamp (EHC). From the results of this series as well as from reports in the literature it appears that, in obese subjects, glucose uptake continues to increase after 2 hours. A mathematical model of the EHC, incorporating delays, has been designed and fitted to the obtained data. When fitted to the two studied subject groups (lean and obese individuals), the model’s parameter , characterizing the delay in reaching maximal glucose uptake, was significantly different (0.177 ( 0.125 vs. 0.0051 ( 0.0016, P = 0.006), whereas the parameter  , indicating maximal glucose clearance, was not significantly different (0.0122 ( 0.0018 vs. 0.0178 ( 0.0060 l/min/kgBW). With the aid of the model, an attempt is made to elucidate the mechanisms whereby a sufficiently long insulin infusion might be able to progressively increase glucose uptake, with a possible finer characterization of the concept of insulin sensitivity.

INTRODUCTION

In the last 15 years a great deal of interest has been focused on the mechanism of cellular glucose uptake. At least six different types of glucose receptors QUOTE "(3;22;23)" 
(3;22;23)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00 c:\5Cdata\5Creferenc\5Crefman\5Cgesammlt\03\00\03595\1ESimpson & Cushman 1986 595 /id\00\1E\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00 c:\5Cdata\5Creferenc\5Crefman\5Cgesammlt\03\00\03596\1FBell, Buse, et al. 1989 596 /id\00\1F\00 
 have been discovered and their amino acid sequence as well as the gene fraction coding for each kind of receptor have been identified both in experimental animals and in humans. Among these six types of receptors only two (GLUT1 and GLUT4) are sensitive to the action of insulin. The facilitated glucose transport enabled by these two is, therefore, insulin dependent. Insulin-dependent glucose receptors are largely distributed on the surface of cellular membranes. Under insulin stimulation these receptors are transferred from the internal cellular compartment, the Golgi's system, to the external cellular compartment, the membrane wall QUOTE "(16;22;23)" 
(16;22;23)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00 c:\5Cdata\5Creferenc\5Crefman\5Cgesammlt\03\00\03595\1ESimpson & Cushman 1986 595 /id\00\1E\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00 c:\5Cdata\5Creferenc\5Crefman\5Cgesammlt\03\00\03597\11Kono 1985 597 /id\00\11\00 
. The expression of GLUT1 and GLUT4 on the cellular membrane is primarily due to the transport of stored receptors towards the external membrane of the cells, rather than to a "de novo" synthesis of glucose receptor proteins QUOTE "(17)" 
(17)
. The externalisation of glucose receptors requires a certain amount of time and constitutes, therefore, a time-dependent process QUOTE "(15;17)" 
(15;17)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00 c:\5Cdata\5Creferenc\5Crefman\5Cgesammlt\03\00\03599(Karnieli, Zarnowski, et al. 1981 599 /id\00(\00 
. 

GLUT1 and GLUT4 are localised not only in skeletal muscle QUOTE "(2;5;14;22)" 
(2;5;14;22)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00 c:\5Cdata\5Creferenc\5Crefman\5Cgesammlt\03\00\03600\19Baly & Horuk 1988 600 /id\00\19\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00 c:\5Cdata\5Creferenc\5Crefman\5Cgesammlt\03\00\03601%Fukumoto, Kayano, et al. 1989 601 /id\00%\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00 c:\5Cdata\5Creferenc\5Crefman\5Cgesammlt\03\00\03602\15Birnbaum 1989 602 /id\00\15\00 
, which is the most  metabolically active tissue and accounts for about 40% of whole body weight in normal individuals QUOTE "(10)" 
(10)
,  but also on fat cells. The percentage of fat mass (FM) obviously depends on the degree of overweight or obesity of the subject. FM can represent more than 60% of body weight QUOTE "(24)" 
(24)
, thus becoming a potentially important body compartment for insulin action on glucose disposal. 

The experimental procedures currently employed to gather information on the degree of insulin resistance of a subject are the Oral Glucose Tolerance Test (OGTT), the Intra-Venous Glucose Tolerance Test (IVGTT), the Euglycemic Hyperinsulinemic Clamp (EHC), the insulin-induced hypoglycemia test (KITT), and less commonly used methods based on tracer administration. Of these, the EHC is considered the tool of choice in the diabetological community, in spite of its labor-intensive execution, due to the simple interpretation which is usually attributed to the obtained results QUOTE "(27)" 
(27)
. The favor with which the EHC is viewed in this context stems in part from the belief that while mathematical models of the glucose insulin system make untenable assumptions, the EHC approach is relatively assumption-free, or model independent.

In general, insulin resistance is expression of the imbalance between the amount of pancreatic insulin, delivered in response to a glucose load, and the levels of plasma glucose reached. In other words, in order to obtain the same plasma glucose concentration, higher levels of plasma insulin are necessary in insulin-resistant subjects than in normal controls QUOTE "(11)" 
(11)
. 

The clamp as usually employed yields easy-to-compute indices, which are commonly used as measures of insulin resistance. The M value QUOTE "(8)" 
(8)
 is defined as the average glucose infusion rate over the period between 80 and 120 minutes from the start of the insulin infusion. The M/I ratio is the ratio of the M value to the average plasma insulin concentration during the same period. If a two-step clamp is performed (but see negative comments QUOTE "(27)" 
(27)
) the M/I ratio is defined as the increment of M observed over the corresponding increment of I produced by raising the insulin infusion rate.  The use of these indices, however, does make two fundamental assumptions: first, that at the end of 120’ of insulin infusion the experimental subject is at the steady state with regard to glucose uptake rate; and second, that glucose uptake rate is linearly increasing with increasing insulinemia, either throughout the insulin concentration range (when using the M/I index for the characterization of the subject's response) or between successive insulin concentrations reached in the two-step clamp (when using the M/I index) . These assumptions are however only a first approximation of the real state of things. On one hand, it has been already shown QUOTE "(9)" 
(9)
 that if a clamp experiment is continued beyond the customary 2 hours of duration “…glucose utilization increases progressively through[out] five hours of moderate hyperinsulinemia.”. On the other hand QUOTE "(25)" 
(25)
, carefully measured average glucose uptake rates at two hours are nonlinearly related with increasing levels of plasma insulin, and from the reported data glucose uptake may reaching asymptotically a maximal value as insulinemia increases. In spite of these observations, the vast majority of experimental diabetologists QUOTE "(12;27)" 
(12;27)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00 c:\5Cdata\5Creferenc\5Crefman\5Cgesammlt\03\00\03624\14Zierler 1999 624 /id\00\14\00 
 consider the EHC as the procedure of choice and a large number of studies have already been conducted using the EHC. It would be interesting to be able to reinterpret this vast mass of observations using a more explicit quantitative approach.

Quon and Campfield QUOTE "(21)" 
(21)
 developed in the early 1990’s a mathematical model of cell surface insulin receptor regulation, which was tested against experimentally available in-vitro myocyte culture observations, and which accounted for receptor endocytosis and recycling. The clamp experiment may be thought of as the extension to the whole body (thereby including additional dynamics) of a specific step insulinization protocol expressible and analyzable in the framework of the above model. 

The goal of the present work is to analyze formally a model of the EHC, to highlight its relevance with respect to information already available for the experimental in-vitro situation, and to show its practical applicability by fitting it to EHC data recorded from human subjects. 

The mechanisms whereby a sufficiently long insulin infusion might be able to progressively increase glucose uptake will be discussed. 

RESEARCH DESIGN AND METHODS


Subjects 

Twelve subjects (6 men and 6 women), 6 normal volunteers and 6 patients from the Obesity Outpatient Clinic of the Department of Internal Medicine of the Catholic University School of Medicine, were enrolled in the study.  Subjects had widely varying BMI (from 18.5 to 48.1). All subjects were clinically euthyroid, had no evidence of diabetes mellitus, hyperlipidemia, and renal, cardiac or hepatic dysfunction and were not treated with drugs, which could affect carbohydrate or insulin metabolism. The subjects consumed a weight-maintaining diet consisting of at least 250 g of carbohydrate per day for 1 week before the study. Table 1 reports the main anthropometric characteristics of the studied subjects.
The study protocol followed the guidelines of the Catholic University of Rome, School of Medicine, ethics committee and written informed consent was obtained from all subjects.


Experimental protocol 

Each subject was studied in the postabsorptive state after a 12/14 h overnight fast. Subjects were admitted to the Department of Metabolic Diseases of the Catholic University School of Medicine in Rome the evening before the study. At 07.00 hours on the following morning, the infusion catheter was inserted into an antecubital vein; the sampling catheter was introduced in the contralateral dorsal hand vein and this hand was kept in a heated box (60°C) in order to obtain arterialized blood. A basal blood sample was obtained, on which insulin and glucose were measured. At 08.00 hours, after a 12/14 h overnight fast, the Euglycemic Hyperinsulinemic glucose Clamp was performed according to Defronzo et al. QUOTE "(8)" 
(8)
.  A priming dose of short-acting human insulin was given during the initial 10 min in a logarithmically decreasing manner, in order to raise acutely the plasma insulin to the desired level. Insulinemia was then maintained with a continuous infusion of insulin at a rate of 40 µU ( m2 ( min1 for up to 300 min. During the clamp, the glucose level was monitored every 5 min and the infusion rate of a 20% glucose solution was adjusted following the published algorithm QUOTE "(8)" 
(8)
. Because serum potassium levels tend to fall during this procedure, KCl was given at a rate of 15/20 mEq/h to maintain the serum potassium between 3.5 and 4.5 mEq/l. 


Analytical methods 

Serum glucose was measured by the glucose oxidase method using a Beckman Glucose Analyzer II  (Beckman Instruments, Fullerton, Calif., USA).  Plasma insulin was measured by microparticle enzyme immunoassay (Abbott Imx, Pasadena, Calif., USA). 


Modelling 

In order to interpret the oscillations of glycemia intervening in response to the hyperinsulinization and to the continuous glucose infusion at varying speeds, we hypothesized a model of the type
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where

VG
[l/kgBW]
is the apparent volume of distribution of Glucose;

G
[mM]
is the measured Glucose plasma concentration;

t
[min]
is time;

RG 
[mmol/min/kgBW]
is the glucose infusion rate set by the physician;


[min]
is the discrete delay of the action of glucose infusion in changing glycemia;

u
[#]
is the proportion of insulin tissue metabolic effect relative to its attainable maximum, taking values in [0,1] ;

LG
[mg/min/kgBW]
is the assumedly constant pre-insulinization Liver glucose secretion rate; 


[l/min/kgBW]
is the apparent first order glucose clearance (first-order rate constant times distribution volume) at low insulin (constant Ib, at beginning of clamp);

 
[l/min/kgBW]
is the apparent first order glucose clearance (first-order rate constant times distribution volume) at high insulin (constant Ib+I, at end of clamp);

Gb
[mg/dl]
is the baseline (pre-clamp) glycemia;

I
[pM]
is the plasma insulin concentration;

h
[#]
is a convolution kernel;

Ib
[pM]
is the baseline insulinemia;

I
[pM]
is the difference between constant insulinemia during the clamp and baseline insulinemia.

While equation  (1)  approximates the mass balance holding for plasma glucose, equation  (2) defines the function  u(t)  as representing the fraction of tissue metabolic effect of insulin achieved at time  t  with respect to the maximum achievable value (obtained when holding plasma insulin at its maximal level for infinitely long time). In the chosen representation, plasma insulin  I   is absent, as such,  from equation  (1): only the fraction  u  of  insulin metabolic effect is assumed to influence the flow of glucose through the plasma compartment. 

The variation of glucose amount in its distribution space may be thought of as due to the external infusion rate, to the liver glucose output, and to the tissue uptake of glucose. The infused glucose acts after a delay   , due to the necessity of equilibrating the intravenously infused quantity throughout the distribution space. The liver glucose output is assumed to be equal to  LG at the beginning of the experiment and to decrease to zero as the metabolic effect of the infused insulin mounts to its maximum. The tissue uptake of glucose follows an apparent first order kinetics, with clearance    when insulin is at its baseline value  Ib , and with clearance    when the metabolic effect of insulin is maximal; the apparent first order clearance rises smoothly from    to    as the metabolic effect  u  of insulin on the tissues goes to its maximum.

Plasma insulin, in a delayed fashion depending on its transport to the periphery and to the subsequent activation of cellular membrane glucose transporters, determines the metabolic effect u at the tissue level via equation (2). 

We hypothesize  u  to be represented by the convolution of the total insulin plasma concentration together with a “transfer function” or kernel  h(s) , whose role is to represent the density of metabolic effect at time t for unit actual insulin concentration at time  (t ( s).

We could choose  h(s)  as a single function or as a linear combination of functions (with nonzero coefficients adding up to unity) from the family of the  -functions:
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The first two functions of the family are  
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We note that while   h(1)(s)  is monotonically decreasing,  h(2)(s) increases to a maximum at  t = 1/, then decreases monotonically and asymptotically to zero.

We choose the second -function as our kernel because it is the simplest of the family with a peak. This embodies the concept that, in order to produce its metabolic effect, insulin has to reach the tissues and activate intracellular enzymatic mechanisms (hence a delay in maximal action on metabolism) and that natural breakdown of insulin induces progressive loss of effect of positive concentrations of the hormone as they become more distant in the past. We set therefore
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and
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Now differentiating  w(t)  we obtain
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We obtain therefore the system 
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Now we introduce the specific structure of the insulinization procedure during the clamp experiment, and we return to the assumption that the insulin plasma concentration remains at a constant level  Ib  before the start of the clamp (basal insulinemia), and that it is brought instantaneously to the constant level  (Ib + I)  at the start of the clamp.

Integrating (3’), we have 

3’’)
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We have therefore   
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3*)
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From  (4’) and (3*)  we have

4’’)
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    and integrating
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also


[image: image25.wmf](

)

(

)

(

)

(

)

(

)

(

)

b

0

2

b

0

2

I

dr

r

h

I

dr

r

I

r

h

0

w

=

-

=

-

=

ò

ò

¥

-

¥

-


hence

4*)
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The complete model to be considered is therefore  (1’, 2’, 4*).

It is instructive to compare equation  (4*), expressing the time course of  tissue glucose uptake (modulo the  /(Ib+I) constant), with the model which Quon and Campfield QUOTE "(21)" 
(21)
 developed for the number of membrane glucose transporters in cultured muscle and adipose cells, measured in vitro. The  model describes the relationship between the number of  (active) membrane glucose transporters  (x1), the total number of intracellular (activated and inactive) glucose transporters  x2  and the fraction  x3  of activated intracellular transporters. The x3 variable, that is the fraction   activated / (activated + inactive)   intracellular transporters, reflects the current level of effective insulin stimulation. These authors found out experimentally that  x3 is lowest, at about x3 = 0.04, when cells are completely deprived of insulin, and is highest, at about  x3 = 0.4 ,  when cells are maximally stimulated with insulin.  Quon’s model can be written as
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In our case, Quon’s model may be simplified as follows: set   k2 = k -2 = 0  for the acute situation of the clamp (not enough time to have appreciable net synthesis of degradation of transporters); with somewhat more standard kinetic notation, let 
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    and    k21 = k -1;   set   x1(t) + x2(t) = X for the total number of glucose transporters in the cell, so that  x2(t) = X – x1(t) ;  system  (4,5) above then reduces to a single linear differential equation:
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A particular solution of  (6) is     
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, and a generic solution is given by
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 ;  using initial conditions    
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  ,  so that (6) can be explicitly solved as

6’)
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In other words: the qualitative behavior of Quon’s model of the time course of cell membrane glucose transporters, after step maximal insulinization at time zero, differs from the qualitative behavior of our model of the time course of whole-body glucose tissue uptake, after step maximal insulinization at time zero, by a single term, of the form   
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This term  starts at zero for  t=0, attains a maximum at  t = 1/  and decays towards zero for large times. It may be thought of as representing a lagged effect of the step increase in insulin on tissues with respect to its theoretical effect on cells. The disparity between theoretical effect on cells and theoretical effect on the whole body would be proportional to the size of the insulin plasma concentration increase obtained by insulin administration.

Statistical analysis

Comparison of model parameter values between groups was performed by the non-parametric Mann-Whitney U-test, due to the small number of subjects in each group.

RESULTS

The subjects under study were divided into two groups based on their BMI (lean, BMI ( 25; obese, BMI > 30). Table 1 reports the anthropometric characteristics, basal plasma glucose and insulin (Gb, Ib), as well as average levels of insulin after 80’ of clamp insulinization (IMAX). Even though there was a significant difference in baseline glycemia between the two groups, both showed average levels within the norm. On the contrary, basal insulinemia was more than three-fold higher in obese than in lean subjects, as usually observed in this patient population.

The model  (1’, 2’, 4*) has been fitted by Ordinary Least Squares (OLS) separately on each subject’s time-glycemia points, estimating the free parameters VG, LG, , , . Figure 1 shows the time course of observed glycemia, predicted glycemia and administered glucose infusion rate for a single experimental subject. Figure 2 shows the group-averaged glucose administration rate during the course of the clamp study. For each fitted parameter, sample mean and standard error have been reported in Table 2 for the two patient groups under study. 

The delay coefficient    is of the order of 8 minutes, which seems to be a reasonable time for glucose, infused through an arm vein, to be distributed throughout the body, equilibrate and be detected by sampling through the arterialized contralateral arm vein.

An estimate of   LG , the liver glucose output at the beginning of the clamp, before insulinization is started, can be obtained by fitting the present model to the clamp data set. In our series, however, this parameter’s estimates had a rather high variability. 

The coefficients    and    express the (apparently first-order) glucose uptake rate by the tissues, and have the dimension of clearances. While    expresses the situation prevailing before the clamp’s insulinization procedure, reflecting the basal glucose tissue uptake, the coefficient    expresses the situation when the full metabolic effect of the administered insulin has had the time to develop. In fact (see below and Figure 3), depending on the value of the coefficient   , this situation of maximal insulin effect may be delayed beyond the end of even a long clamp procedure. Naturally, the value of    is several times higher than that of    . At the beginning of the clamp (with the insulin effect function  u  close but not equal to zero) the total glucose clearance rate is given by the coefficient    plus a fraction (between 5 and 10% for lean subjects, almost 20% for obese subjects) of the coefficient   . At the maximal insulinization effect, the glucose clearance is given exactly by the value of    . The coefficient    may therefore be viewed as the maximal glucose clearance at the experimentally obtained level of insulin plasma concentration (assumed constant). Multiplying    by the clamped glucose plasma concentration, one obtains the maximal whole-body glucose uptake rate as defined for the EHC (a kind of maximal M for the subject under study), which, in our series was not smaller in obese than in lean subjects.

DISCUSSION

Nolan et al. QUOTE "(20)" 
(20)
, while performing an isoglycemic hyperinsulinemic clamp, demonstrated a marked delay in activation of whole-body glucose disposal rate, arterio-venous glucose difference and leg glucose uptake in seven subjects with type 2 diabetes mellitus and in 7 obese non diabetic subjects, as compared to healthy controls.

Similarly to previously reported results QUOTE "(6;13;19)" 
(6;13;19)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00 c:\5Cdata\5Creferenc\5Crefman\5Cgesammlt\03\00\03619'Freidenberg, Henry, et al. 1987 619 /id\00'\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00 c:\5Cdata\5Creferenc\5Crefman\5Cgesammlt\03\00\03620!Caro, Ittoop, et al. 1986 620 /id\00!\00 
, these authors found that insulin receptor tyrosine kinase (IRTK) was reduced in diabetic subjects but was normal in the obese group. Furthermore, they did not observe any kinetic defect in IRTK activation rate in either diabetic or obese subjects. Since there was no preexisting literature supporting the idea that transendothelial passage of insulin into the interstitial space could be normal in obese, non diabetic insulin-resistant subjects QUOTE "(7)" 
(7)
, Nolan et al QUOTE "(20)" 
(20)
 suggested that the site of the kinetic delay in insulin action in obese subjects involves one or more post-receptor events.

It was also shown in the early ‘80s QUOTE "(9)" 
(9)
 that a significant increase of glucose tissue uptake during the euglycemic hyperinsulinemic clamp could be obtained in obese subjects by waiting as long as 4 to 6 hours. This basic observation, confirmed by the series of obese subjects studied in the present work, would question the assumption of steady-state attainment at 2 hours for the clamp, at least in one patient subpopulation, and in fact in a sub-population of great metabolic interest. 

The concept of insulin resistance as a decreased effect of the hormone on whole body glucose uptake can be made more specific: on one hand we might wish to measure the speed of attainment of a given level of metabolic response; on the other hand we might wish to quantify the maximal response attainable by a suitably raised insulin plasma concentration. 

It is clear now that when using the classical two-hour clamp, subpopulations of subjects respond within different time frames. Concentrating on the level of response at 2 hours would label as insulin resistant subjects with a residual metabolic capacity: this may or may not be appropriate depending on the mode of insulin resistance that the physiologist is interested in, whether speed of response or capacity of response. The case of the obese subject represents this ambiguity very well: if by insulin resistance we intend the result of EHC at 2 hours, that is to say if by insulin resistance we mean a decreased effect of insulin on whole body glucose uptake under hyperinsulinization with respect to a specific and short time frame, then obese subjects can be adequately diagnosed by the clamp as being generally insulin resistant. If on the other hand, we abandon the time frame requirement and address the maximal ability to respond to the hormone, then the standard clamp procedure is not adequate since it fails to allow slow-responding subjects to develop their whole response.

A way out of this ambiguity could be that of using, for diagnostic purposes, the parameters of a mathematical model of the metabolic response during the clamp. Hopefully, this model would be able to quantify both the maximal response obtainable by the subject and the rate at which this response is generated. Hence the diabetologist would be offered separate, independent and complementary items of information on which to base the diagnosis. 

Given the above considerations, the approach followed in the present work is therefore to build a mathematical model of the time course of glucose uptake rate during a clamp experiment. One criterion orienting the choice of a possible mathematical model was the analogy of the EHC with the experimental in vitro situation modelled by Quon and Campfield QUOTE "(21)" 
(21)
. Of the many alternative approaches which could have been used, one of the simplest was chosen: while maintaining the crucial idea of a delay in the actuation of the glycemic control, this delay was expressed as a gamma function kernel, so as to make the successive mathematical treatment feasible. Another modelling approach had also been tried, that of expressing the delay kernel as the difference of two exponentials. For the difference of exponentials model, which is not reported here, the formal correspondence between the solution of our own whole-body model and Quon’s cellular model was however not so immediately evident. The two formulations (gamma-function and difference of exponentials) being broadly equivalent, we therefore preferred to maintain the former approach.

In the suggested model, the delay function w is made up of two portions: the first (two terms parallel to the in-vitro Quon model) represents the delays which obtain once active insulin is present at the cell surface, in the interstitial fluid; the second portion (one extra term) is present in our model but not in Quon’s model and  represents an added delay, likely due to distribution of insulin from the moment of infusion step-up to the moment when steady state is again reached.

A series of studies QUOTE "(1;4;26)" 
(1;4;26)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00 c:\5Cdata\5Creferenc\5Crefman\5Cgesammlt\03\00\03905"Bergman, Yang, et al. 1990 905 /id\00"\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00 c:\5Cdata\5Creferenc\5Crefman\5Cgesammlt\03\00\03171!Ader, Poulin, et al. 1992 171 /id\00!\00 
 had demonstrated that insulin-stimulated glucose uptake correlates with the appearance of insulin in lymph fluid, a marker for interstitial insulin, rather than with the appearance of insulin in the circulatory stream. This may account for a further delay, due to trans-endothelial passage of insulin from the circulation to the interstitial space. According to this work, trans-endothelial passage would be the rate-limiting step in the activation of glucose uptake, because once insulin is in the interstitial space, further endocellular steps are very rapid.

When examining the model predictions relative to the overall delay at the average    parameter values found for lean subjects versus obese subjects, we can see that both portions of the delay are affected by a variation in the    parameter (Figure 4). According to the present model, both intracellular and distributional delay components result increased by the decrement of the    value observed in obese with respect to normal individuals.  

It is interesting in this respect to compare the qualitative predictions obtained from the present model with the interpretation offered by Nolan et al. QUOTE "(20)" 
(20)
. While these authors assert that the main delay happens at the post-insulin-receptor level, our model would also predict a substantial effect at the distributional, pre-receptor level. That this might be so is also in accord with Bergman’s concept of interstitial active insulin concentrations, combined with the observation that obese individuals have a much larger interstitial space where insulin has to equilibrate before reaching high concentrations at the muscle level. In fact, when looking at the figures in Nolan QUOTE "(20)" 
(20)
, it is apparent that while the Lean and NIDDM subjects have good IRTK activation curve fits, the fits for obese subjects depend on a single point to the far upper right of the diagram, with poor fitting of intermediate points. At the present stage, both components should still be considered: a definitive decision on the relative importance of pre-receptor versus post-receptor delays in obese individuals should wait for further observational data.

It has been shown in the literature QUOTE "(20)" 
(20)
 that the hepatic glucose output (HGO) suppression after step insulinization is not immediate, HGO decreasing to 0 in a somewhat exponential manner from the pre-insulinization level. In the present work, HGO was not independently measured by tracer techniques. The model proposed here assumes as a first approximation that the same saturating curve  u  represents both the progressive increase of insulin effect at the periphery and the decline of HGO (when taken as  1-u). The behavior of the predicted HGO is in fact similar to what was experimentally observed using tracers. The use of the same  u  for both liver and tissues is justifiable: even though the kinetic characteristics of the insulin-dependent glucose receptors in liver and at the periphery are rather different (Glut-4 vs. Glut-2), in this case it is not the kinetics of glucose uptake by the receptor which is assumed to be the same in liver and periphery, but rather the kinetics of the expression of glucose receptors in response to varying insulin concentrations at the cell surface. 

In conclusion, the present paper describes a possible modelization of the EHC, which may prove particularly useful in studying obese subjects, who show a delay in expressing their maximal increase of glucose uptake under insulinization. Considering the amplitude of response independently of the time factor, the whole body capacity of glucose uptake in obese subjects appears to be in a normal range. This observation may be of interest, especially when correlated with the observation that the insulin resistance of obese subjects is reversible under such maneuvers (like Bilio-Pancreatic Diversion  QUOTE "(18)" 
(18)
), which reduce lipid absorption.
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FIGURE LEGENDS

Figure 1: time courses (abscissa, in minutes) for sample subject No. 12 of measured glycemia (diamonds, referred to the left vertical axis scale in mM), forecast glycemia (solid line, referred to the left vertical axis scale in mM), and administered glucose infusion rate (piecewise constant, referred to right vertical axis scale in  mmol/min/kgBW).

Figure 2: average time course of glucose external infusion rate for the subjects (mmol/min/kgBW), divided into two groups with respect to their BMI (BMI<=25 upper curve with diamonds,  BMI >25 lower curve with squares). Corresponding to each average value is its 95% confidence interval (± 1.96 Standard Error).

Figure 3: Time curves of estimated metabolic effect of insulin  (function  u , see text) expressed as percentage of maximal effect. Upper three curves correspond to lean subjects, lower three curves to obese subjects. Within each triple, the central heavy curve corresponds to the estimated    parameter (respectively 0.177 for lean and 0.0051 for obese subjects), the two thin curves at its sides correspond to the estimated parameter plus or minus one standard error. The two groups of curves do not start from the same ordinate because baseline insulinemia in lean and obese subjects represents a different percentage of maximal end-clamp insulinemia.
Figure 4: Time curves of estimated metabolic effect of insulin expressed as percentage of maximal effect. Upper two curves correspond to lean subjects, lower two curves to obese subjects. Within each couple, the lower/rightmost solid heavy curve corresponds to the function  u  (see text) with the estimated    parameter (respectively 0.177 for lean and 0.0051 for obese subjects); the upper/leftmost thin dashed curve corresponds to the sum of only the first two terms of the  function  u , that is, to the hypothetical delay in insulin metabolic effect due only to intracellular mechanisms. The horizontal distance between the two curves for each patient group corresponds to the calculated distributional delay.

Table 1: Anthropometric and metabolic characteristics for lean (BMI ( 25) and obese (BMI > 30) subjects.  All comparisons were performed via the Mann-Whitney U-test (nonparametric).

	
	lean
	obese
	significance

	N
	6
	6
	

	Age  [years]
	36.5 ( 2.0
	39.8 ( 1.1
	

	BMI  [kg/m2]
	21.8 ( 1.4
	43.2 ( 4.7
	N.A.

	BW  [kg]
	62.0 ( 5.5
	112.0 ( 5.2
	P=0.004

	Gb  [mM]
	3.93 ( 0.305
	5.25 ( 0.161
	P=0.030

	Ib  [pM]
	30.6 ( 8.4
	109.2 ( 9.6
	P=0.008

	IMAX  [pM]
	445.8 ( 30.0
	496.2 ( 18.6
	


Table 2: Estimated parameter values (mean ( standard error) for lean (BMI ( 25) and obese (BMI > 30) subjects. Comparisons were performed via the Mann-Whitney U-test (nonparametric).

	
	lean
	obese
	significance

	VG  [l/kgBW]
	1.356 ( 0.582
	0.519 ( 0.122
	

	[min]
	8.20 ( 2.32
	7.87 ( 2.54
	

	LG  [mmol/min/kgBW]
	0.0462 ( 0.0254
	0.0170 ( 0.0076
	

	[l/min/kgBW]
	0.0050 ( 0.0015
	0.0023 ( 0.0017
	

	[l/min/kgBW]
	0.0122 ( 0.0018
	0.0178 ( 0.0060
	

	[#]
	0.177 ( 0.125
	0.0051 ( 0.0016
	P=0.006
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		10		58.901		54		5.4021		3.2722777778		3		0.3001166667

		15		57.933		58		5.1317		3.2185		3.2222222222		0.2850944444

		20		57.001		52		6.7143		3.1667222222		2.8888888889		0.3730166667

		25		56.025		56		6.7053		3.1125		3.1111111111		0.3725166667

		30		55.622		54		7.746		3.0901111111		3		0.4303333333

		35		55.457		52		9.1868		3.0809444444		2.8888888889		0.5103777778

		40		55.662		53		10.275		3.0923333333		2.9444444444		0.5708333333

		45		56.507		63		8.7249		3.1392777778		3.5		0.4847166667

		50		57.832		65		7.9101		3.2128888889		3.6111111111		0.43945

		55		58.578		58		9.2328		3.2543333333		3.2222222222		0.5129333333

		60		58.688		55		10.577		3.2604444444		3.0555555556		0.5876111111

		65		59.106		58		10.704		3.2836666667		3.2222222222		0.5946666667

		70		60.117		60		10.619		3.3398333333		3.3333333333		0.5899444444

		75		61.223		62		10.201		3.4012777778		3.4444444444		0.5667222222

		80		62.144		61		10.317		3.4524444444		3.3888888889		0.5731666667

		85		62.745		63		9.746		3.4858333333		3.5		0.5414444444

		90		63.184		64		9.1481		3.5102222222		3.5555555556		0.5082277778

		95		63.299		63		8.9735		3.5166111111		3.5		0.4985277778

		100		63.009		65		8.1534		3.5005		3.6111111111		0.4529666667

		105		62.488		60		8.9307		3.4715555556		3.3333333333		0.49615

		110		61.61		60		9.0741		3.4227777778		3.3333333333		0.5041166667

		115		60.886		60		9.227		3.3825555556		3.3333333333		0.5126111111

		120		60.312		65		8.0333		3.3506666667		3.6111111111		0.4462944444

		125		59.763		62		8.2751		3.3201666667		3.4444444444		0.4597277778

		130		58.77		62		8.1376		3.265		3.4444444444		0.4520888889

		135		57.696		59		8.8005		3.2053333333		3.2777777778		0.4889166667

		140		56.638		55		10.238		3.1465555556		3.0555555556		0.5687777778

		145		55.847		55		11.274		3.1026111111		3.0555555556		0.6263333333

		150		55.695		56		12.086		3.0941666667		3.1111111111		0.6714444444

		155		56.088		55		13.46		3.116		3.0555555556		0.7477777778

		160		56.838		56		14.469		3.1576666667		3.1111111111		0.8038333333

		165		58.076		57		15.312		3.2264444444		3.1666666667		0.8506666667

		170		59.697		62		14.441		3.3165		3.4444444444		0.8022777778

		175		61.519		60		14.938		3.4177222222		3.3333333333		0.8298888889

		180		62.891		61		14.811		3.4939444444		3.3888888889		0.8228333333

		185		64.09		63		14.087		3.5605555556		3.5		0.7826111111

		190		65.101		64		13.288		3.6167222222		3.5555555556		0.7382222222

		195		65.631		64		12.648		3.6461666667		3.5555555556		0.7026666667

		200		65.621		64		12.037		3.6456111111		3.5555555556		0.6687222222

		205		65.176		65		11.143		3.6208888889		3.6111111111		0.6190555556

		210		64.377		65		10.429		3.5765		3.6111111111		0.5793888889

		215		63.171		65		9.7561		3.5095		3.6111111111		0.5420055556

		220		61.63		64		9.4016		3.4238888889		3.5555555556		0.5223111111
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Sheet1

		time		lean		lean		lean		lean		lean		lean		alpha		0.301

		0		6.4231738035		6.4231738035		6.4231738035		18.0376610505		18.0376610505		18.0376610505		Ib		6.4231738035

		1		9.900378025		7.7269978409		6.5500496491		18.0394924988		18.0387233536		18.0381619		DeltaI		93.5768261965

		2		17.8919865138		11.0703200996		6.9131738094		18.0449542218		18.041895849		18.0396597814

		3		27.8162928441		15.7571342489		7.4878179378		18.053997655		18.0471570402		18.0421477214		alpha		0.177

		4		38.1286851739		21.2635763439		8.2511771292		18.0665747203		18.0544855946		18.0456187837		Ib		6.4231738035

		5		47.9569373376		27.2003905596		9.1822372352		18.0826378219		18.0638603426		18.0500660678		DeltaI		93.5768261965

		6		56.8560261839		33.2830425626		10.2616507529		18.1021398425		18.0752602765		18.0554827099

		7		64.6449796775		39.3079870476		11.4716207556		18.1250341381		18.0886645495		18.0618618821		alpha		0.053

		8		71.2996769607		45.1338792563		12.7957923648		18.1512745347		18.1040524743		18.0691967922		Ib		6.4231738035

		9		76.8835365309		50.6667509812		14.2191512954		18.1808153235		18.1214035223		18.077480684		DeltaI		93.5768261965

		10		81.5036389862		55.8483592404		15.7279290327		18.213611257		18.1406973224		18.0867068366

		11		85.2837449992		60.6470683807		17.309514226		18.2496175449		18.1619136599		18.0968685646		alpha		0.0067

		12		88.3483899537		65.0507502721		18.9523699113		18.2887898498		18.1850324757		18.1079592179		Ib		18.0376610505

		13		90.8141199983		69.0612877831		20.6459561962		18.3310842833		18.2100338649		18.1199721811		DeltaI		81.9623389495

		14		92.7852316501		72.6903482029		22.3806580636		18.376457402		18.2368980757		18.1329008742

		15		94.3522658904		75.9561592313		24.1477179726		18.4248662036		18.2656055088		18.1467387515		alpha		0.0051

		16		95.5921126766		78.8810734869		25.9391729531		18.4762681226		18.2961367161		18.161479302		Ib		18.0376610505

		17		96.5689904418		81.4897505477		27.7477959099		18.5306210268		18.3284723994		18.1771160492		DeltaI		81.9623389495

		18		97.3358386647		83.8078202617		29.5670408691		18.5878832131		18.36259341		18.1936425507

		19		97.9358426021		85.8609190258		31.3909919171		18.6480134037		18.398480747		18.2110523982		alpha		0.0035

		20		98.4039273988		87.6740132015		33.2143155951		18.7109707427		18.4361155568		18.2293392174		Ib		18.0376610505

		21		98.7681344839		89.270941869		35.0322165307		18.7767147915		18.4754791319		18.2484966676		DeltaI		81.9623389495

		22		99.050840505		90.6741255636		36.8403960972		18.8452055259		18.5165529099		18.268518442

		23		99.2698076662		91.9043991737		38.6350139078		18.9164033315		18.5593184724		18.2893982668

		24		99.4390707648		92.980936384		40.4126519606		18.9902690011		18.6037575444		18.311129902

		25		99.5696748561		93.9212403582		42.1702812655		19.0667637298		18.6498519927		18.3337071402

		26		99.6702812695		94.7411811605		43.9052307895		19.1458491124		18.6975838255		18.3571238074

		27		99.747660576		95.4550649968		45.615158573		19.2274871392		18.7469351912		18.3813737623

		28		99.8070903328		96.075723966		47.2980248733		19.3116401927		18.7978883775		18.4064508961

		29		99.8526738017		96.6146178467		48.9520672041		19.3982710439		18.8504258102		18.4323491327

		30		99.8875938501		97.0819416513		50.575777147		19.4873428489		18.9045300527		18.4590624284

		31		99.9143141987		97.4867343992		52.1678788174		19.5788191452		18.9601838045		18.4865847714

		32		99.9347382328		97.8369858813		53.7273088775		19.6726638487		19.0173699009		18.5149101824

		33		99.9503338414		98.1397392069		55.2531979928		19.7688412498		19.0760713115		18.5440327136

		34		99.962231216		98.4011876912		56.744853636		19.8673160104		19.1362711396		18.5739464493

		35		99.9712992303		98.6267652203		58.2017441507		19.96805316		19.1979526212		18.6046455051

		36		99.9782049303		98.8212296613		59.6234839877		20.0710180929		19.2610991241		18.6361240283

		37		99.9834597519		98.9887391955		61.009820038		20.1761765648		19.3256941469		18.6683761974

		38		99.9874553491		99.1329216752		62.3606189867		20.2834946892		19.3917213183		18.701396222

		39		99.9904913092		99.25693726		63.6758556204		20.3929389345		19.4591643959		18.7351783429

		40		99.9927965534		99.3635346864		64.9556020214		20.5044761205		19.5280072656		18.7697168316

		41		99.9945458322		99.4551015899		66.2000175905		20.6180734153		19.5982339406		18.8050059904

		42		99.9958724198		99.5337093259		67.4093398401		20.7336983323		19.6698285606		18.8410401522

		43		99.9968778694		99.6011527529		68.5838759051		20.8513187269		19.7427753907		18.8778136804

		44		99.9976394992		99.6589854302		69.7239947224		20.9709027932		19.8170588207		18.9153209684

		45		99.9982161297		99.708550673		70.8301198318		21.0924190612		19.8926633645		18.9535564402

		46		99.9986524764		99.7510088812		71.9027227558		21.2158363937		19.9695736585		18.9925145493

		47		99.9989825082		99.7873615352		72.9423169177		21.3411239832		20.0477744616		19.0321897796

		48		99.9992320129		99.8184722189		73.9494520585		21.4682513486		20.1272506539		19.0725766442

		49		99.9994205553		99.8450850049		74.9247091202		21.5971883329		20.2079872358		19.1136696862

		50		99.9995629699		99.867840503		75.8686955593		21.7279050994		20.2899693274		19.155463478

		51		99.999670498		99.8872898473		76.7820410616		21.8603721295		20.3731821676		19.1979526212

		52		99.9997516538		99.9039068678		77.6653936286		21.9945602193		20.4576111132		19.2411317468

		53		99.9998128822		99.9180986675		78.5194160085		22.130440477		20.5432416381		19.2849955145

		54		99.9998590596		99.9302148027		79.3447824477		22.2679843197		20.6300593327		19.3295386132

		55		99.9998938735		99.9405552399		80.1421757368		22.4071634711		20.7180499026		19.3747557605

		56		99.9999201114		99.9493772465		80.9122845327		22.547949958		20.8071991683		19.4206417024

		57		99.9999398796		99.95690135		81.6558009332		22.6903161081		20.8974930643		19.4671912137

		58		99.9999547686		99.963316488		82.3734182868		22.834234547		20.988917638		19.5143990973

		59		99.9999659794		99.9687844541		83.0658292196		22.9796781953		21.0814590493		19.5622601845

		60		99.9999744181		99.9734437321		83.733723862		23.1266202662		21.1751035696		19.6107693345

		61		99.9999807684		99.9774128014		84.377788261		23.2750342626		21.269837581		19.6599214345

		62		99.9999855459		99.980792983		84.9987029628		23.4248939743		21.3656475758		19.7097113997

		63		99.999989139		99.9836708881		85.5971417528		23.5761734756		21.4625201553		19.7601341728

		64		99.9999918409		99.9861205248		86.1737705398		23.7288471228		21.5604420294		19.811184724

		65		99.9999938719		99.9882051073		86.7292463742		23.882889551		21.6594000157		19.862858051

		66		99.9999953984		99.989978611		87.2642165879		24.0382756721		21.7593810388		19.915149179

		67		99.9999965453		99.9914871056		87.7793180469		24.1949806721		21.8603721295		19.96805316

		68		99.9999974069		99.9927699004		88.275176507		24.3529800082		21.9623604239		20.0215650732

		69		99.999998054		99.9938605249		88.7524060636		24.5122494068		22.0653331632		20.0756800247

		70		99.9999985399		99.9947875697		89.2116086883		24.6727648607		22.1692776923		20.1303931475

		71		99.9999989047		99.9955754064		89.6533738443		24.8345026266		22.2741814594		20.185699601

		72		99.9999991785		99.9962448043		90.0782781734		24.997439223		22.3800320154		20.2415945713

		73		99.9999993839		99.9968134573		90.4868852494		25.1615514271		22.486817013		20.2980732709

		74		99.9999995381		99.9972964358		90.8797453903		25.3268162732		22.5945242059		20.3551309384

		75		99.9999996537		99.9977065716		91.2573955255		25.4932110495		22.7031414484		20.4127628387

		76		99.9999997405		99.9980547882		91.6203591114		25.6607132965		22.8126566944		20.4709642627

		77		99.9999998055		99.9983503817		91.9691460917		25.829300804		22.9230579967		20.5297305272

		78		99.9999998543		99.9986012618		92.3042528976		25.9989516091		23.0343335066		20.5890569747

		79		99.9999998908		99.9988141566		92.6261624842		26.1696439939		23.146471473		20.6489389735

		80		99.9999999182		99.998994788		92.9353443987		26.3413564831		23.2594602415		20.7093719172

		81		99.9999999387		99.9991480213		93.2322548779		26.5140678416		23.3732882544		20.770351225

		82		99.9999999541		99.999277992		93.5173369712		26.6877570728		23.487944049		20.8318723413

		83		99.9999999657		99.9993882152		93.7910206864		26.8624034155		23.6034162581		20.8939307357

		84		99.9999999743		99.9994816774		94.0537231554		27.0379863425		23.7196936082		20.9565219029

		85		99.9999999808		99.9995609161		94.3058488179		27.2144855581		23.8367649198		21.0196413623

		86		99.9999999856		99.9996280864		94.5477896199		27.3918809955		23.954619106		21.0832846583

		87		99.9999999892		99.9996850186		94.7799252264		27.5701528155		24.0732451723		21.14744736

		88		99.9999999919		99.9997332667		95.0026232445		27.7492814036		24.1926322157		21.2121250609

		89		99.999999994		99.9997741501		95.2162394567		27.9292473683		24.3127694243		21.2773133792

		90		99.9999999955		99.9998087884		95.421118062		28.1100315389		24.4336460764		21.3430079572

		91		99.9999999966		99.999838132		95.6175919242		28.2916149632		24.55525154		21.4092044615

		92		99.9999999975		99.9998629872		95.8059828243		28.4739789058		24.6775752721		21.4758985829

		93		99.9999999981		99.9998840379		95.9866017185		28.6571048459		24.8006068182		21.543086036

		94		99.9999999986		99.9999018645		96.1597489976		28.8409744751		24.9243358115		21.6107625594

		95		99.9999999989		99.999916959		96.3257147498		29.0255696957		25.0487519723		21.6789239155

		96		99.9999999992		99.9999297387		96.4847790234		29.2108726184		25.1738451076		21.7475658901

		97		99.9999999994		99.9999405575		96.6372120908		29.3968655605		25.2996051102		21.8166842928

		98		99.9999999996		99.9999497151		96.7832747112		29.583531044		25.4260219582		21.8862749564

		99		99.9999999997		99.9999574659		96.9232183927		29.7708517933		25.5530857144		21.9563337373

		100		99.9999999998		99.9999640253		97.0572856525		29.9588107339		25.6807865259		22.0268565147

		101		99.9999999998		99.9999695758		97.1857102752		30.1473909897		25.8091146231		22.0978391912

		102		99.9999999999		99.9999742722		97.3087175677		30.3365758819		25.9380603193		22.1692776923

		103		99.9999999999		99.9999782456		97.4265246118		30.5263489266		26.0676140103		22.2411679661

		104		99.9999999999		99.9999816068		97.539340513		30.7166938329		26.1977661734		22.3135059838

		105		99.9999999999		99.9999844501		97.6473666454		30.9075945016		26.3285073672		22.3862877391

		106		100		99.9999868548		97.7507968927		31.0990350227		26.4598282308		22.4595092481

		107		100		99.9999888886		97.849817885		31.290999674		26.5917194835		22.5331665496

		108		100		99.9999906085		97.9446092312		31.4834729193		26.7241719236		22.6072557045

		109		100		99.9999920627		98.0353437461		31.6764394064		26.8571764288		22.6817727959

		110		100		99.9999932923		98.1221876737		31.8698839655		26.9907239546		22.7567139291

		111		100		99.9999943318		98.2053009048		32.0637916075		27.1248055344		22.8320752313

		112		100		99.9999952106		98.2848371902		32.2581475218		27.259412279		22.9078528518

		113		100		99.9999959535		98.3609443481		32.4529370754		27.3945353755		22.9840429613

		114		100		99.9999965813		98.4337644674		32.6481458105		27.5301660872		23.0606417525

		115		100		99.999997112		98.503434105		32.8437594432		27.6662957529		23.1376454396

		116		100		99.9999975604		98.5700844784		33.0397638614		27.8029157865		23.2150502581

		117		100		99.9999979394		98.6338416529		33.2361451236		27.9400176762		23.2928524652

		118		100		99.9999982596		98.6948267242		33.4328894572		28.0775929842		23.3710483389

		119		100		99.9999985301		98.7531559955		33.6299832564		28.2156333459		23.4496341787

		120		100		99.9999987587		98.8089411491		33.8274130813		28.3541304699		23.5286063051

		121		100		99.9999989518		98.8622894141		34.0251656555		28.4930761367		23.6079610595

		122		100		99.9999991149		98.9133037286		34.2232278654		28.632462199		23.687694804

		123		100		99.9999992526		98.9620828964		34.4215867576		28.7722805805		23.7678039219

		124		100		99.999999369		99.0087217402		34.6202295384		28.9125232758		23.8482848166

		125		100		99.9999994673		99.0533112488		34.8191435713		29.0531823498		23.9291339124

		126		100		99.9999995503		99.0959387206		35.0183163763		29.1942499369		24.0103476539

		127		100		99.9999996204		99.136687902		35.2177356276		29.3357182411		24.0919225062

		128		100		99.9999996796		99.1756391215		35.4173891529		29.4775795349		24.1738549545

		129		100		99.9999997295		99.2128694195		35.617264931		29.6198261592		24.2561415041

		130		100		99.9999997717		99.2484526735		35.8173510912		29.7624505225		24.3387786806

		131		100		99.9999998074		99.2824597195		36.0176359111		29.9054451007		24.4217630294

		132		100		99.9999998374		99.3149584694		36.2181078158		30.0488024365		24.5050911157

		133		100		99.9999998628		99.3460140235		36.4187553758		30.1925151386		24.5887595245

		134		100		99.9999998842		99.3756887805		36.6195673062		30.3365758819		24.6727648607

		135		100		99.9999999023		99.4040425425		36.8205324648		30.4809774065		24.7571037483

		136		100		99.9999999176		99.4311326169		37.021639851		30.6257125171		24.8417728313

		137		100		99.9999999305		99.4570139147		37.222878604		30.7707740832		24.9267687727

		138		100		99.9999999413		99.4817390451		37.424238002		30.9161550379		25.0120882549

		139		100		99.9999999505		99.505358407		37.6257074605		31.0618483779		25.0977279796

		140		100		99.9999999583		99.5279202767		37.8272765309		31.2078471629		25.1836846674

		141		100		99.9999999648		99.5494708929		38.0289348993		31.354144515		25.2699550581

		142		100		99.9999999703		99.5700545386		38.2306723849		31.5007336185		25.3565359103

		143		100		99.9999999749		99.5897136194		38.4324789392		31.6476077192		25.4434240015

		144		100		99.9999999789		99.6084887399		38.6343446441		31.7947601242		25.5306161277

		145		100		99.9999999822		99.626418776		38.8362597111		31.9421842012		25.6181091039

		146		100		99.999999985		99.6435409456		39.0382144796		32.0898733783		25.7058997634

		147		100		99.9999999873		99.6598908759		39.240199416		32.2378211433		25.793984958

		148		100		99.9999999893		99.6755026689		39.4422051121		32.3860210435		25.8823615579

		149		100		99.999999991		99.6904089634		39.644222284		32.5344666851		25.9710264516

		150		100		99.9999999924		99.7046409955		39.846241771		32.6831517328		26.0599765456

		151		100		99.9999999936		99.7182286564		40.0482545341		32.8320699094		26.1492087647

		152		100		99.9999999946		99.731200548		40.250251655		32.9812149956		26.2387200517

		153		100		99.9999999954		99.7435840363		40.4522243348		33.1305808289		26.3285073672

		154		100		99.9999999962		99.7554053027		40.6541638928		33.280161304		26.4185676897

		155		100		99.9999999968		99.7666893938		40.8560617652		33.4299503719		26.5088980154

		156		100		99.9999999973		99.7774602683		41.0579095042		33.5799420395		26.5994953584

		157		100		99.9999999977		99.7877408428		41.2596987767		33.7301303694		26.6903567499

		158		100		99.9999999981		99.7975530356		41.4614213629		33.8805094793		26.781479239

		159		100		99.9999999984		99.8069178085		41.6630691557		34.0310735416		26.872859892

		160		100		99.9999999986		99.8158552074		41.8646341591		34.1818167832		26.9644957926

		161		100		99.9999999988		99.8243844006		42.0661084871		34.3327334848		27.0563840416

		162		100		99.999999999		99.8325237167		42.2674843628		34.4838179807		27.1485217572

		163		100		99.9999999992		99.8402906793		42.4687541174		34.6350646584		27.2409060743

		164		100		99.9999999993		99.8477020421		42.6699101886		34.7864679582		27.333534145

		165		100		99.9999999994		99.8547738211		42.87094512		34.9380223726		27.4264031384

		166		100		99.9999999995		99.8615213265		43.0718515598		35.0897224462		27.5195102401

		167		100		99.9999999996		99.8679591927		43.2726222598		35.2415627753		27.6128526526

		168		100		99.9999999996		99.8741014071		43.4732500744		35.3935380071		27.7064275951

		169		100		99.9999999997		99.8799613385		43.6737279593		35.5456428398		27.8002323032

		170		100		99.9999999998		99.885551763		43.8740489709		35.6978720222		27.8942640291

		171		100		99.9999999998		99.8908848901		44.0742062648		35.850220353		27.9885200414

		172		100		99.9999999998		99.8959723866		44.2741930951		36.0026826806		28.0829976249

		173		100		99.9999999999		99.9008254008		44.4740028133		36.1552539028		28.1776940808

		174		100		99.9999999999		99.9054545843		44.6736288672		36.3079289662		28.2726067263

		175		100		99.9999999999		99.9098701139		44.8730648002		36.4607028663		28.3677328947

		176		100		99.9999999999		99.9140817123		45.07230425		36.6135706465		28.4630699354

		177		100		99.9999999999		99.9180986675		45.2713409476		36.7665273983		28.5586152137

		178		100		99.9999999999		99.9219298522		45.4701687167		36.9195682606		28.6543661106

		179		100		99.9999999999		99.9255837417		45.6687814725		37.0726884194		28.7503200229

		180		100		100		99.9290684313		45.8671732208		37.2258831077		28.8464743632

		181		100		100		99.9323916528		46.0653380568		37.3791476048		28.9428265596

		182		100		100		99.935560791		46.2632701646		37.5324772362		29.0393740558

		183		100		100		99.9385828982		46.4609638163		37.6858673729		29.1361143109

		184		100		100		99.9414647093		46.6584133704		37.8393134316		29.2330447993

		185		100		100		99.9442126557		46.8556132718		37.992810874		29.3301630108

		186		100		100		99.9468328787		47.0525580503		38.1463552064		29.4274664503

		187		100		100		99.9493312422		47.2492423198		38.2999419796		29.5249526381

		188		100		100		99.9517133451		47.4456607776		38.4535667885		29.6226191093

		189		100		100		99.9539845328		47.6418082036		38.6072252715		29.7204634141

		190		100		100		99.956149909		47.837679459		38.7609131106		29.8184831176

		191		100		100		99.9582143456		48.0332694858		38.9146260309		29.9166757997

		192		100		100		99.9601824938		48.2285733059		39.0683598		30.0150390553

		193		100		100		99.9620587934		48.4235860202		39.222110228		30.1135704935

		194		100		100		99.9638474826		48.6183028079		39.3758731673		30.2122677386

		195		100		100		99.9655526066		48.8127189254		39.5296445118		30.3111284292

		196		100		100		99.9671780264		49.0068297056		39.6834201969		30.4101502181

		197		100		100		99.9687274273		49.2006305575		39.8371961992		30.509330773

		198		100		100		99.9702043262		49.3941169645		39.9909685362		30.6086677757

		199		100		100		99.9716120797		49.5872844846		40.1447332657		30.7081589222

		200		100		100		99.9729538911		49.7801287489		40.298486486		30.8078019227

		201		100		100		99.974232817		49.9726454612		40.4522243348		30.9075945016

		202		100		100		99.9754517743		50.1648303969		40.60594299		31.0075343974

		203		100		100		99.9766135463		50.3566794027		40.7596386684		31.1076193624

		204		100		100		99.9777207888		50.5481883952		40.9133076257		31.2078471629

		205		100		100		99.9787760356		50.739353361		41.0669461567		31.3082155791

		206		100		100		99.9797817045		50.9301703549		41.2205505943		31.4087224049

		207		100		100		99.9807401021		51.1206355002		41.3741173095		31.509365448

		208		100		100		99.9816534288		51.3107449873		41.5276427111		31.6101425294

		209		100		100		99.9825237841		51.500495073		41.6811232456		31.7110514841

		210		100		100		99.9833531706		51.6898820803		41.8345553965		31.8120901603

		211		100		100		99.9841434988		51.8789023971		41.9879356843		31.9132564197

		212		100		100		99.9848965911		52.0675524758		42.1412606663		32.0145481375

		213		100		100		99.9856141857		52.2558288325		42.294526936		32.115963202

		214		100		100		99.9862979408		52.4437280463		42.4477311229		32.2174995147

		215		100		100		99.9869494378		52.6312467588		42.6008698926		32.3191549905

		216		100		100		99.9875701851		52.8183816731		42.7539399461		32.4209275572

		217		100		100		99.9881616213		53.0051295534		42.9069380195		32.5228151556

		218		100		100		99.9887251184		53.1914872242		43.0598608841		32.6248157396

		219		100		100		99.9892619848		53.3774515696		43.2127053458		32.7269272759

		220		100		100		99.9897734686		53.5630195329		43.3654682451		32.829147744

		221		100		100		99.9902607595		53.7481881155		43.5181464564		32.9314751362

		222		100		100		99.9907249923		53.9329543768		43.6707368881		33.0339074577

		223		100		100		99.9911672492		54.117315433		43.8232364825		33.1364427259

		224		100		100		99.9915885619		54.301268457		43.975642215		33.2390789712

		225		100		100		99.9919899142		54.4848106775		44.1279510942		33.3418142362

		226		100		100		99.9923722443		54.6679393781		44.2801601616		33.4446465762

		227		100		100		99.9927364464		54.8506518974		44.4322664913		33.5475740586

		228		100		100		99.9930833734		55.0329456277		44.5842671896		33.6505947634

		229		100		100		99.9934138384		55.2148180149		44.7361593952		33.7537067827

		230		100		100		99.9937286163		55.3962665575		44.8879402783		33.8569082208

		231		100		100		99.9940284462		55.5772888062		45.039607041		33.9601971941
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Sheet1

		time		lean2		lean3		obese2		obese3		alpha		0.177

		0		6.4231738035		6.4231738035		18.0376610505		18.0376610505		Ib		6.4231738035

		1		21.6032267128		7.7269978409		18.4546048687		18.0387233536		DeltaI		93.5768261965

		2		34.3207681681		11.0703200996		18.8694276866		18.041895849

		3		44.9752673083		15.7571342489		19.2821402937		18.0471570402		alpha		0.177

		4		53.9013913021		21.2635763439		19.6927534247		18.0544855946		Ib		6.4231738035

		5		61.3795175382		27.2003905596		20.1012777597		18.0638603426		DeltaI		93.5768261965

		6		67.644540525		33.2830425626		20.5077239244		18.0752602765

		7		72.8932501329		39.3079870476		20.9121024906		18.0886645495		alpha		0.0051

		8		77.2905129372		45.1338792563		21.3144239761		18.1040524743		Ib		18.0376610505

		9		80.9744508219		50.6667509812		21.7146988453		18.1214035223		DeltaI		81.9623389495

		10		84.0607795092		55.8483592404		22.1129375094		18.1406973224

		11		86.6464432917		60.6470683807		22.5091503266		18.1619136599		alpha		0.0051

		12		88.8126601383		65.0507502721		22.9033476025		18.1850324757		Ib		18.0376610505

		13		90.6274728213		69.0612877831		23.2955395901		18.2100338649		DeltaI		81.9623389495

		14		92.1478861998		72.6903482029		23.6857364903		18.2368980757

		15		93.4216577924		75.9561592313		24.0739484522		18.2656055088

		16		94.4887978828		78.8810734869		24.4601855733		18.2961367161

		17		95.3828262778		81.4897505477		24.8444578995		18.3284723994

		18		96.1318251939		83.8078202617		25.2267754259		18.36259341

		19		96.7593213445		85.8609190258		25.6071480965		18.398480747

		20		97.2850249342		87.6740132015		25.9855858047		18.4361155568

		21		97.7254487744		89.270941869		26.3620983939		18.4754791319

		22		98.0944269644		90.6741255636		26.7366956572		18.5165529099

		23		98.4035494328		91.9043991737		27.1093873377		18.5593184724

		24		98.6625259878		92.980936384		27.4801831293		18.6037575444

		25		98.8794913103		93.9212403582		27.8490926764		18.6498519927

		26		99.0612604714		94.7411811605		28.2161255743		18.6975838255

		27		99.213543		95.4550649968		28.5812913696		18.7469351912

		28		99.341122224		96.075723966		28.9445995603		18.7978883775

		29		99.4480055188		96.6146178467		29.306059596		18.8504258102

		30		99.5375501825		97.0819416513		29.6656808783		18.9045300527

		31		99.6125688915		97.4867343992		30.023472761		18.9601838045

		32		99.6754180494		97.8369858813		30.3794445503		19.0173699009

		33		99.7280718034		98.1397392069		30.733605505		19.0760713115

		34		99.772184054		98.4011876912		31.0859648369		19.1362711396

		35		99.8091404059		98.6267652203		31.4365317108		19.1979526212

		36		99.8401016904		98.8212296613		31.7853152451		19.2610991241

		37		99.8660404286		98.9887391955		32.1323245116		19.3256941469

		38		99.8877713791		99.1329216752		32.477568536		19.3917213183

		39		99.9059771302		99.25693726		32.8210562982		19.4591643959

		40		99.9212295404		99.3635346864		33.1627967322		19.5280072656

		41		99.9340077013		99.4551015899		33.5027987268		19.5982339406

		42		99.9447129862		99.5337093259		33.8410711255		19.6698285606

		43		99.9536816575		99.6011527529		34.1776227267		19.7427753907

		44		99.961195429		99.6589854302		34.5124622842		19.8170588207

		45		99.9674903149		99.708550673		34.8455985071		19.8926633645

		46		99.972764043		99.7510088812		35.1770400603		19.9695736585

		47		99.9771822658		99.7873615352		35.5067955648		20.0477744616

		48		99.9808837636		99.8184722189		35.8348735973		20.1272506539

		49		99.9839848036		99.8450850049		36.1612826913		20.2079872358

		50		99.9865827922		99.867840503		36.4860313366		20.2899693274

		51		99.9887593345		99.8872898473		36.80912798		20.3731821676

		52		99.9905827977		99.9039068678		37.1305810253		20.4576111132

		53		99.9921104583		99.9180986675		37.4503988335		20.5432416381

		54		99.9933903014		99.9302148027		37.768589723		20.6300593327

		55		99.9944625282		99.9405552399		38.08516197		20.7180499026

		56		99.995360818		99.9493772465		38.4001238086		20.8071991683

		57		99.9961133871		99.95690135		38.7134834309		20.8974930643

		58		99.9967438743		99.963316488		39.0252489875		20.988917638

		59		99.9972720837		99.9687844541		39.3354285873		21.0814590493

		60		99.9977146069		99.9734437321		39.6440302983		21.1751035696

		61		99.9980853439		99.9774128014		39.9510621471		21.269837581

		62		99.9983959398		99.980792983		40.2565321196		21.3656475758

		63		99.9986561508		99.9836708881		40.5604481611		21.4625201553

		64		99.9988741503		99.9861205248		40.8628181766		21.5604420294

		65		99.9990567859		99.9882051073		41.1636500306		21.6594000157

		66		99.9992097943		99.989978611		41.4629515478		21.7593810388

		67		99.9993379816		99.9914871056		41.7607305131		21.8603721295

		68		99.9994453744		99.9927699004		42.0569946718		21.9623604239

		69		99.9995353459		99.9938605249		42.3517517296		22.0653331632

		70		99.9996107222		99.9947875697		42.6450093532		22.1692776923

		71		99.9996738709		99.9955754064		42.9367751702		22.2741814594

		72		99.9997267756		99.9962448043		43.2270567696		22.3800320154

		73		99.9997710981		99.9968134573		43.5158617015		22.486817013

		74		99.9998082307		99.9972964358		43.8031974778		22.5945242059

		75		99.9998393395		99.9977065716		44.0890715721		22.7031414484

		76		99.9998654019		99.9980547882		44.37349142		22.8126566944

		77		99.9998872364		99.9983503817		44.6564644193		22.9230579967

		78		99.999905529		99.9986012618		44.93799793		23.0343335066

		79		99.9999208541		99.9988141566		45.218099275		23.146471473

		80		99.9999336931		99.998994788		45.4967757397		23.2594602415

		81		99.9999444495		99.9991480213		45.7740345725		23.3732882544

		82		99.9999534609		99.999277992		46.0498829848		23.487944049

		83		99.9999610105		99.9993882152		46.3243281515		23.6034162581

		84		99.9999673354		99.9994816774		46.597377211		23.7196936082

		85		99.9999726342		99.9995609161		46.8690372653		23.8367649198

		86		99.9999770735		99.9996280864		47.1393153802		23.954619106

		87		99.9999807926		99.9996850186		47.4082185858		24.0732451723

		88		99.9999839085		99.9997332667		47.6757538761		24.1926322157

		89		99.9999865188		99.9997741501		47.9419282099		24.3127694243

		90		99.9999887058		99.9998087884		48.2067485102		24.4336460764

		91		99.9999905379		99.999838132		48.4702216652		24.55525154

		92		99.9999920729		99.9998629872		48.7323545277		24.6775752721

		93		99.9999933588		99.9998840379		48.9931539159		24.8006068182

		94		99.9999944361		99.9999018645		49.2526266132		24.9243358115

		95		99.9999953387		99.999916959		49.5107793684		25.0487519723

		96		99.9999960949		99.9999297387		49.7676188961		25.1738451076

		97		99.9999967284		99.9999405575		50.0231518767		25.2996051102

		98		99.9999972591		99.9999497151		50.2773849568		25.4260219582

		99		99.9999977037		99.9999574659		50.5303247488		25.5530857144

		100		99.9999980762		99.9999640253		50.7819778317		25.6807865259

		101		99.9999983883		99.9999695758		51.0323507512		25.8091146231

		102		99.9999986497		99.9999742722		51.2814500193		25.9380603193

		103		99.9999988688		99.9999782456		51.5292821152		26.0676140103

		104		99.9999990523		99.9999816068		51.7758534849		26.1977661734

		105		99.999999206		99.9999844501		52.0211705419		26.3285073672

		106		99.9999993348		99.9999868548		52.2652396669		26.4598282308

		107		99.9999994427		99.9999888886		52.508067208		26.5917194835

		108		99.9999995331		99.9999906085		52.7496594813		26.7241719236

		109		99.9999996089		99.9999920627		52.9900227706		26.8571764288

		110		99.9999996723		99.9999932923		53.2291633277		26.9907239546

		111		99.9999997255		99.9999943318		53.4670873727		27.1248055344

		112		99.99999977		99.9999952106		53.7038010941		27.259412279

		113		99.9999998073		99.9999959535		53.9393106486		27.3945353755

		114		99.9999998386		99.9999965813		54.1736221621		27.5301660872

		115		99.9999998648		99.999997112		54.4067417289		27.6662957529

		116		99.9999998867		99.9999975604		54.6386754125		27.8029157865

		117		99.9999999051		99.9999979394		54.8694292454		27.9400176762

		118		99.9999999205		99.9999982596		55.0990092297		28.0775929842

		119		99.9999999334		99.9999985301		55.3274213367		28.2156333459

		120		99.9999999442		99.9999987587		55.5546715074		28.3541304699

		121		99.9999999532		99.9999989518		55.7807656526		28.4930761367

		122		99.9999999608		99.9999991149		56.005709653		28.632462199

		123		99.9999999672		99.9999992526		56.2295093594		28.7722805805

		124		99.9999999725		99.999999369		56.4521705929		28.9125232758

		125		99.999999977		99.9999994673		56.6736991449		29.0531823498

		126		99.9999999807		99.9999995503		56.8941007774		29.1942499369

		127		99.9999999838		99.9999996204		57.113381223		29.3357182411

		128		99.9999999865		99.9999996796		57.3315461852		29.4775795349

		129		99.9999999887		99.9999997295		57.5486013386		29.6198261592

		130		99.9999999905		99.9999997717		57.7645523286		29.7624505225

		131		99.999999992		99.9999998074		57.9794047723		29.9054451007

		132		99.9999999933		99.9999998374		58.193164258		30.0488024365

		133		99.9999999944		99.9999998628		58.4058363455		30.1925151386

		134		99.9999999953		99.9999998842		58.6174265664		30.3365758819

		135		99.9999999961		99.9999999023		58.8279404243		30.4809774065

		136		99.9999999967		99.9999999176		59.0373833946		30.6257125171

		137		99.9999999972		99.9999999305		59.2457609249		30.7707740832

		138		99.9999999977		99.9999999413		59.4530784352		30.9161550379

		139		99.9999999981		99.9999999505		59.6593413178		31.0618483779

		140		99.9999999984		99.9999999583		59.8645549375		31.2078471629

		141		99.9999999986		99.9999999648		60.0687246321		31.354144515

		142		99.9999999989		99.9999999703		60.2718557119		31.5007336185

		143		99.999999999		99.9999999749		60.4739534605		31.6476077192

		144		99.9999999992		99.9999999789		60.6750231343		31.7947601242

		145		99.9999999993		99.9999999822		60.8750699633		31.9421842012

		146		99.9999999994		99.999999985		61.0740991507		32.0898733783

		147		99.9999999995		99.9999999873		61.2721158732		32.2378211433

		148		99.9999999996		99.9999999893		61.4691252812		32.3860210435

		149		99.9999999997		99.999999991		61.6651324991		32.5344666851

		150		99.9999999997		99.9999999924		61.8601426248		32.6831517328

		151		99.9999999998		99.9999999936		62.0541607307		32.8320699094

		152		99.9999999998		99.9999999946		62.2471918632		32.9812149956

		153		99.9999999998		99.9999999954		62.439241043		33.1305808289

		154		99.9999999999		99.9999999962		62.6303132654		33.280161304

		155		99.9999999999		99.9999999968		62.8204135001		33.4299503719

		156		99.9999999999		99.9999999973		63.0095466917		33.5799420395

		157		99.9999999999		99.9999999977		63.1977177594		33.7301303694

		158		99.9999999999		99.9999999981		63.3849315978		33.8805094793

		159		99.9999999999		99.9999999984		63.5711930762		34.0310735416

		160		100		99.9999999986		63.7565070392		34.1818167832

		161		100		99.9999999988		63.9408783069		34.3327334848

		162		100		99.999999999		64.1243116749		34.4838179807

		163		100		99.9999999992		64.3068119142		34.6350646584

		164		100		99.9999999993		64.4883837716		34.7864679582

		165		100		99.9999999994		64.6690319699		34.9380223726

		166		100		99.9999999995		64.8487612078		35.0897224462

		167		100		99.9999999996		65.0275761599		35.2415627753

		168		100		99.9999999996		65.2054814773		35.3935380071

		169		100		99.9999999997		65.3824817873		35.5456428398

		170		100		99.9999999998		65.5585816938		35.6978720222

		171		100		99.9999999998		65.733785777		35.850220353

		172		100		99.9999999998		65.908098594		36.0026826806

		173		100		99.9999999999		66.0815246787		36.1552539028

		174		100		99.9999999999		66.254068542		36.3079289662

		175		100		99.9999999999		66.4257346718		36.4607028663

		176		100		99.9999999999		66.5965275329		36.6135706465

		177		100		99.9999999999		66.7664515679		36.7665273983

		178		100		99.9999999999		66.9355111964		36.9195682606

		179		100		99.9999999999		67.1037108157		37.0726884194

		180		100		100		67.2710548007		37.2258831077

		181		100		100		67.4375475039		37.3791476048

		182		100		100		67.603193256		37.5324772362

		183		100		100		67.7679963652		37.6858673729

		184		100		100		67.9319611182		37.8393134316

		185		100		100		68.0950917798		37.992810874

		186		100		100		68.2573925928		38.1463552064

		187		100		100		68.4188677789		38.2999419796

		188		100		100		68.5795215379		38.4535667885

		189		100		100		68.7393580485		38.6072252715

		190		100		100		68.8983814681		38.7609131106

		191		100		100		69.0565959328		38.9146260309

		192		100		100		69.2140055578		39.0683598

		193		100		100		69.3706144373		39.222110228

		194		100		100		69.5264266449		39.3758731673

		195		100		100		69.681446233		39.5296445118

		196		100		100		69.8356772339		39.6834201969

		197		100		100		69.989123659		39.8371961992

		198		100		100		70.1417894996		39.9909685362

		199		100		100		70.2936787264		40.1447332657

		200		100		100		70.4447952901		40.298486486

		201		100		100		70.5951431212		40.4522243348

		202		100		100		70.7447261304		40.60594299

		203		100		100		70.8935482083		40.7596386684

		204		100		100		71.0416132257		40.9133076257

		205		100		100		71.1889250339		41.0669461567

		206		100		100		71.3354874643		41.2205505943

		207		100		100		71.4813043292		41.3741173095

		208		100		100		71.6263794212		41.5276427111

		209		100		100		71.7707165137		41.6811232456

		210		100		100		71.9143193609		41.8345553965

		211		100		100		72.0571916981		41.9879356843

		212		100		100		72.1993372412		42.1412606663

		213		100		100		72.3407596875		42.294526936

		214		100		100		72.4814627154		42.4477311229

		215		100		100		72.6214499846		42.6008698926

		216		100		100		72.7607251361		42.7539399461

		217		100		100		72.8992917926		42.9069380195

		218		100		100		73.0371535582		43.0598608841

		219		100		100		73.1743140185		43.2127053458

		220		100		100		73.3107767413		43.3654682451

		221		100		100		73.4465452759		43.5181464564

		222		100		100		73.5816231536		43.6707368881

		223		100		100		73.7160138879		43.8232364825

		224		100		100		73.8497209742		43.975642215

		225		100		100		73.9827478902		44.1279510942

		226		100		100		74.1150980961		44.2801601616

		227		100		100		74.2467750342		44.4322664913

		228		100		100		74.3777821295		44.5842671896

		229		100		100		74.5081227894		44.7361593952

		230		100		100		74.6378004042		44.8879402783

		231		100		100		74.7668183467		45.039607041

		232		100		100		74.8951799728		45.1911569166

		233		100		100		75.0228886211		45.3425871695

		234		100		100		75.1499476133		45.493895095

		235		100		100		75.2763602542		45.6450780189

		236		100		100		75.4021298319		45.7961332975

		237		100		100		75.5272596176		45.9470583173

		238		100		100		75.6517528659		46.0978504945

		239		100		100		75.7756128149		46.2485072751

		240		100		100		75.8988426863		46.3990261344

		241		100		100		76.0214456852		46.5494045769

		242		100		100		76.1434250006		46.6996401363

		243		100		100		76.2647838051		46.8497303747

		244		100		100		76.3855252553		46.999672883

		245		100		100		76.5056524917		47.14946528

		246		100		100		76.6251686387		47.2991052129

		247		100		100		76.7440768051		47.4485903565

		248		100		100		76.8623800836		47.5979184134

		249		100		100		76.9800815513		47.7470871134

		250		100		100		77.0971842697		47.8960942135

		251		100		100		77.2136912845		48.0449374977

		252		100		100		77.3296056261		48.1936147768

		253		100		100		77.4449303095		48.3421238879

		254		100		100		77.5596683343		48.4904626945

		255		100		100		77.6738226847		48.6386290862

		256		100		100		77.7873963301		48.7866209786

		257		100		100		77.9003922243		48.9344363128

		258		100		100		78.0128133066		49.0820730554

		259		100		100		78.1246625008		49.2295291982

		260		100		100		78.2359427163		49.3768027582

		261		100		100		78.3466568475		49.5238917771

		262		100		100		78.4568077739		49.6707943215

		263		100		100		78.5663983607		49.817508482

		264		100		100		78.6754314584		49.9640323739

		265		100		100		78.7839099028		50.1103641364

		266		100		100		78.8918365155		50.2565019324

		267		100		100		78.9992141037		50.4024439486

		268		100		100		79.1060454602		50.5481883952

		269		100		100		79.2123333638		50.6937335057

		270		100		100		79.3180805791		50.8390775365

		271		100		100		79.4232898564		50.984218767

		272		100		100		79.5279639324		51.1291554994

		273		100		100		79.6321055295		51.2738860583

		274		100		100		79.7357173566		51.4184087907

		275		100		100		79.8388021085		51.5627220657

		276		100		100		79.9413624666		51.7068242745

		277		100		100		80.0434010983		51.8507138299

		278		100		100		80.1449206578		51.9943891664

		279		100		100		80.2459237855		52.1378487399

		280		100		100		80.3464131086		52.2810910277

		281		100		100		80.4463912408		52.4241145281

		282		100		100		80.5458607826		52.5669177601

		283		100		100		80.6448243211		52.7094992636

		284		100		100		80.7432844303		52.8518575992

		285		100		100		80.8412436713		52.9939913476

		286		100		100		80.938704592		53.13589911
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		288		100		100		81.1321415994		53.4190311805

		289		100		100		81.2281227173		53.5602527903

		290		100		100		81.3236155777		53.7012430171

		291		100		100		81.4186226642		53.8420005602

		292		100		100		81.5131464481		53.9825241386

		293		100		100		81.6071893879		54.1228124902

		294		100		100		81.7007539296		54.2628643717

		295		100		100		81.7938425069		54.4026785587

		296		100		100		81.8864575411		54.5422538451

		297		100		100		81.978601441		54.6815890436

		298		100		100		82.0702766032		54.8206829848

		299		100		100		82.1614854124		54.9595345178

		300		100		100		82.2522302408		55.0981425092
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		25		25		0.0983619106		0.0983619106		0.0886597892		0.0886597892

		30		30		0.1086272969		0.1086272969		0.0512143121		0.0512143121

		35		35		0.1089029759		0.1089029759		0.0675859857		0.0675859857

		40		40		0.1203531006		0.1203531006		0.0603960316		0.0603960316

		45		45		0.1285865924		0.1285865924		0.0633392704		0.0633392704

		50		50		0.1040772606		0.1040772606		0.0511081692		0.0511081692

		55		55		0.0911355977		0.0911355977		0.0704199845		0.0704199845

		60		60		0.112369185		0.112369185		0.0560150989		0.0560150989

		65		65		0.1023896182		0.1023896182		0.080229758		0.080229758

		70		70		0.0555933592		0.0555933592		0.0916830135		0.0916830135

		75		75		0.0884882204		0.0884882204		0.0280785525		0.0280785525

		80		80		0.1058128161		0.1058128161		0.0520313192		0.0520313192

		85		85		0.1153681095		0.1153681095		0.0554308209		0.0554308209

		90		90		0.1244606872		0.1244606872		0.0589995581		0.0589995581

		95		95		0.1079895087		0.1079895087		0.0390059498		0.0390059498

		100		100		0.0909411202		0.0909411202		0.0548957548		0.0548957548

		105		105		0.0993608866		0.0993608866		0.0462955594		0.0462955594

		110		110		0.0969837146		0.0969837146		0.0542244991		0.0542244991

		115		115		0.0862286832		0.0862286832		0.0457017258		0.0457017258

		120		120		0.0847225724		0.0847225724		0.0666060712		0.0666060712

		125		125		0.0711511205		0.0711511205		0.0802829348		0.0802829348

		130		130		0.1142618591		0.1142618591		0.0893393451		0.0893393451

		135		135		0.1164498943		0.1164498943		0.0662977428		0.0662977428

		140		140		0.1725436914		0.1725436914		0.0818200954		0.0818200954

		145		145		0.1671991587		0.1671991587		0.0454684735		0.0454684735

		150		150		0.1157461549		0.1157461549		0.0673900968		0.0673900968

		155		155		0.1261091753		0.1261091753		0.0625237964		0.0625237964

		160		160		0.174150241		0.174150241		0.0906791731		0.0906791731

		165		165		0.1675435771		0.1675435771		0.0792684013		0.0792684013

		170		170		0.1384955945		0.1384955945		0.0770851024		0.0770851024

		175		175		0.1392867321		0.1392867321		0.0331308957		0.0331308957

		180		180		0.1511153374		0.1511153374		0.0399977206		0.0399977206

		185		185		0.1127914767		0.1127914767		0.0660597566		0.0660597566

		190		190		0.1282901353		0.1282901353		0.0479110127		0.0479110127

		195		195		0.1072493145		0.1072493145		0.0284326375		0.0284326375

		200		200		0.1030642912		0.1030642912		0.0653355326		0.0653355326

		205		205		0.1234960432		0.1234960432		0.0707127618		0.0707127618

		210		210		0.1013414602		0.1013414602		0.0723500349		0.0723500349

		215		215		0.0587558523		0.0587558523		0.1236410903		0.1236410903

		220		220		0.0461531982		0.0461531982		0.0488048235		0.0488048235

		225		225		0.1209746078		0.1209746078		0.0937320503		0.0937320503

		230		230		0.1208693742		0.1208693742		0.0613401898		0.0613401898

		235		235		0.1141993028		0.1141993028		0.0596266992		0.0596266992

		240		240		0.0853327396		0.0853327396		0.0427103119		0.0427103119

		245		245		0.1432732797		0.1432732797		0.0852881012		0.0852881012

		250		250		0.1149889299		0.1149889299		0.0719493324		0.0719493324

		255		255		0.1237869327		0.1237869327		0.08289554		0.08289554

		260		260		0.1395668657		0.1395668657		0.0585047784		0.0585047784

		265		265		0.1597415277		0.1597415277		0.0593988889		0.0593988889

		270		270		0.1607441378		0.1607441378		0.2089196667		0.2089196667
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		time		leanmean		leanster		obesmean		obesster		lean95		obes95		leanmean		obesmean		lean95		obes95

		15		5.739175		1.1015789897		2.7234833333		0.5523221532		2.1590948199		1.0825514203		0.3188430556		0.1513046296		0.1199497122		0.0601417456

		20		5.0492		0.5951169756		1.713615		0.2930536891		1.1664292722		0.5743852306		0.2805111111		0.0952008333		0.0648016262		0.0319102906

		25		5.73545		0.9033236691		2.4336916667		0.8142225538		1.7705143914		1.5958762054		0.3186361111		0.1352050926		0.0983619106		0.0886597892

		30		6.8721333333		0.9975976249		1.6121416667		0.4703355193		1.9552913447		0.9218576179		0.3817851852		0.0895634259		0.1086272969		0.0512143121

		35		6.9799333333		1.0001293702		1.8019666667		0.6206876239		1.9602535656		1.2165477428		0.3877740741		0.1001092593		0.1089029759		0.0675859857

		40		6.3529666667		1.1052835765		1.1766666667		0.5546574334		2.1663558099		1.0871285695		0.3529425926		0.0653703704		0.1203531006		0.0603960316

		45		7.6786333333		1.1808972774		2.4973833333		0.5816871768		2.3145586637		1.1401068665		0.4265907407		0.1387435185		0.1285865924		0.0633392704

		50		6.9765666667		0.9558115769		1.9460633333		0.4693607378		1.8733906906		0.9199470461		0.387587037		0.1081146296		0.1040772606		0.0511081692

		55		8.8963333333		0.8369595712		2.33644		0.6467141433		1.6404407595		1.2675597209		0.4942407407		0.1298022222		0.0911355977		0.0704199845

		60		7.6859833333		1.0319619029		1.6185183333		0.5144243779		2.0226453296		1.0082717806		0.4269990741		0.0899176852		0.112369185		0.0560150989

		65		7.8172166667		0.9403128204		3.0890866667		0.7368039004		1.8430131281		1.4441356448		0.4342898148		0.1716159259		0.1023896182		0.080229758

		70		8.8016		0.5105512576		2.8110463333		0.8419868587		1.000680465		1.650294243		0.4889777778		0.1561692407		0.0555933592		0.0916830135

		75		8.4584666667		0.812646922		3.2038		0.2578642576		1.592787967		0.5054139448		0.4699148148		0.1779888889		0.0884882204		0.0280785525

		80		7.4854166667		0.9717503515		1.613425		0.4778386453		1.9046306889		0.9365637448		0.4158564815		0.0896347222		0.1058128161		0.0520313192

		85		7.6940666667		1.0595030466		2.57456		0.509058559		2.0766259714		0.9977547757		0.4274481481		0.1430311111		0.1153681095		0.0554308209

		90		7.6576666667		1.1430063113		2.4054333333		0.5418326763		2.2402923702		1.0619920456		0.4254259259		0.1336351852		0.1244606872		0.0589995581

		95		7.5654166667		0.9917403859		3.1595666667		0.3582179064		1.9438111563		0.7021070965		0.4203009259		0.1755314815		0.1079895087		0.0390059498

		100		6.5101		0.8351735524		2.094935		0.5041446869		1.6369401627		0.9881235864		0.3616722222		0.1163852778		0.0909411202		0.0548957548

		105		7.37845		0.9124979382		3.4270833333		0.4251633007		1.7884959588		0.8333200694		0.4099138889		0.1903935185		0.0993608866		0.0462955594

		110		8.52365		0.8906667666		3.0979666667		0.4979800938		1.7457068626		0.9760409838		0.4735361111		0.1721092593		0.0969837146		0.0542244991

		115		9.5133		0.7918960706		2.8578333333		0.4197097264		1.5521162984		0.8226310638		0.5285166667		0.1587685185		0.0862286832		0.0457017258

		120		8.4743		0.7780644403		2.04985		0.6116884091		1.5250063031		1.1989092818		0.4707944444		0.1138805556		0.0847225724		0.0666060712

		125		8.8201		0.6534286577		2.7708		0.7372922582		1.280720169		1.4450928261		0.4900055556		0.1539333333		0.0711511205		0.0802829348

		130		8.9407		1.049343604		2.91605		0.820463373		2.0567134639		1.6081082112		0.4967055556		0.1620027778		0.1142618591		0.0893393451

		135		8.4559333333		1.0694378049		3.6383666667		0.6088568221		2.0960980975		1.1933593713		0.4697740741		0.2021314815		0.1164498943		0.0662977428

		140		8.265		1.5845849208		2.79415		0.751409039		3.1057864448		1.4727617164		0.4591666667		0.1552305556		0.1725436914		0.0818200954

		145		9.0001333333		1.5355024779		4.1541333333		0.4175676142		3.0095848568		0.8184325239		0.5000074074		0.2307851852		0.1671991587		0.0454684735

		150		8.9631		1.0629748921		4.21665		0.6188886441		2.0834307886		1.2130217425		0.49795		0.2342583333		0.1157461549		0.0673900968

		155		8.8480166667		1.1581454875		3.1243666667		0.57419813		2.2699651556		1.1254283347		0.4915564815		0.1735759259		0.1261091753		0.0625237964

		160		8.9237166667		1.5993389477		3.10593		0.8327679159		3.1347043375		1.6322251151		0.495762037		0.1725516667		0.174150241		0.0906791731

		165		9.7928333333		1.5386655035		4.2972		0.727975114		3.0157843869		1.4268312235		0.5440462963		0.2387333333		0.1675435771		0.0792684013

		170		10.08935		1.2718983171		3.7200166667		0.70792441		2.4929207016		1.3875318436		0.5605194444		0.2066675926		0.1384955945		0.0770851024

		175		10.9031		1.2791638662		4.1437333333		0.3042633275		2.5071611778		0.5963561218		0.6057277778		0.2302074074		0.1392867321		0.0331308957

		180		11.2129333333		1.3877939152		2.9008166667		0.3673260054		2.7200760738		0.7199589707		0.6229407407		0.1611564815		0.1511153374		0.0399977206

		185		10.62425		1.0358400918		3.8558333333		0.6066712342		2.03024658		1.1890756191		0.5902361111		0.214212963		0.1127914767		0.0660597566

		190		10.6486166667		1.1781747121		4.1964166667		0.4399990958		2.3092224358		0.8623982277		0.5915898148		0.2331342593		0.1282901353		0.0479110127

		195		9.7391666667		0.9849426845		4.0073166667		0.261116059		1.9304876616		0.5117874757		0.5410648148		0.2226287037		0.1072493145		0.0284326375

		200		8.6809		0.9465087969		3.4478666667		0.6000201973		1.855157242		1.1760395866		0.4822722222		0.1915481481		0.1030642912		0.0653355326

		205		9.0807333333		1.1341473354		4.4318833333		0.6494029147		2.2229287774		1.2728297128		0.5044851852		0.2462157407		0.1234960432		0.0707127618

		210		9.0555		0.9306868797		5.3313833333		0.664439096		1.8241462842		1.3023006281		0.5030833333		0.296187963		0.1013414602		0.0723500349

		215		9.05615		0.5395945618		5.7443666667		1.1354794006		1.0576053412		2.2255396251		0.5031194444		0.3191314815		0.0587558523		0.1236410903

		220		8.86235		0.4238559014		4.7040166667		0.4482075631		0.8307575668		0.8784868237		0.4923527778		0.2613342593		0.0461531982		0.0488048235

		225		9.6144		1.1109912961		5.2543166667		0.860804544		2.1775429403		1.6871769062		0.5341333333		0.2919064815		0.1209746078		0.0937320503

		230		9.39146		1.1100248653		4.967		0.5633282737		2.175648736		1.1041234165		0.5217477778		0.2759444444		0.1208693742		0.0613401898

		235		9.39952		1.0487691078		5.0084666667		0.5475921357		2.0555874512		1.073280586		0.5221955556		0.2782481481		0.1141993028		0.0596266992

		240		8.92762		0.7836680167		4.2579666667		0.3922375587		1.5359893127		0.768785615		0.4959788889		0.2365537037		0.0853327396		0.0427103119

		245		8.91662		1.3157750174		5.05665		0.7832580721		2.5789190341		1.5351858213		0.4953677778		0.280925		0.1432732797		0.0852881012

		250		8.857575		1.0560207845		4.32835		0.6607591751		2.0698007376		1.2950879832		0.4920875		0.2404638889		0.1149889299		0.0719493324

		255		8.73375		1.13681877		4.9916333333		0.7612855713		2.2281647892		1.4921197198		0.4852083333		0.277312963		0.1237869327		0.08289554

		260		8.485475		1.2817365222		4.0101333333		0.5372887812		2.5122035835		1.0530860112		0.4714152778		0.2227851852		0.1395668657		0.0585047784

		265		8.57115		1.46701403		4.0957		0.5455		2.8753474988		1.06918		0.476175		0.2275388889		0.1597415277		0.0593988889

		270		8.441375		1.4762216739		4.61185		1.91865		2.8933944809		3.760554		0.4689652778		0.2562138889		0.1607441378		0.2089196667





Sheet1

						0.1199497122		0.1199497122		0.0601417456		0.0601417456

						0.0648016262		0.0648016262		0.0319102906		0.0319102906

						0.0983619106		0.0983619106		0.0886597892		0.0886597892

						0.1086272969		0.1086272969		0.0512143121		0.0512143121

						0.1089029759		0.1089029759		0.0675859857		0.0675859857

						0.1203531006		0.1203531006		0.0603960316		0.0603960316

						0.1285865924		0.1285865924		0.0633392704		0.0633392704

						0.1040772606		0.1040772606		0.0511081692		0.0511081692

						0.0911355977		0.0911355977		0.0704199845		0.0704199845

						0.112369185		0.112369185		0.0560150989		0.0560150989

						0.1023896182		0.1023896182		0.080229758		0.080229758

						0.0555933592		0.0555933592		0.0916830135		0.0916830135

						0.0884882204		0.0884882204		0.0280785525		0.0280785525

						0.1058128161		0.1058128161		0.0520313192		0.0520313192

						0.1153681095		0.1153681095		0.0554308209		0.0554308209

						0.1244606872		0.1244606872		0.0589995581		0.0589995581

						0.1079895087		0.1079895087		0.0390059498		0.0390059498

						0.0909411202		0.0909411202		0.0548957548		0.0548957548

						0.0993608866		0.0993608866		0.0462955594		0.0462955594

						0.0969837146		0.0969837146		0.0542244991		0.0542244991

						0.0862286832		0.0862286832		0.0457017258		0.0457017258

						0.0847225724		0.0847225724		0.0666060712		0.0666060712

						0.0711511205		0.0711511205		0.0802829348		0.0802829348

						0.1142618591		0.1142618591		0.0893393451		0.0893393451

						0.1164498943		0.1164498943		0.0662977428		0.0662977428

						0.1725436914		0.1725436914		0.0818200954		0.0818200954

						0.1671991587		0.1671991587		0.0454684735		0.0454684735

						0.1157461549		0.1157461549		0.0673900968		0.0673900968

						0.1261091753		0.1261091753		0.0625237964		0.0625237964

						0.174150241		0.174150241		0.0906791731		0.0906791731

						0.1675435771		0.1675435771		0.0792684013		0.0792684013

						0.1384955945		0.1384955945		0.0770851024		0.0770851024

						0.1392867321		0.1392867321		0.0331308957		0.0331308957

						0.1511153374		0.1511153374		0.0399977206		0.0399977206

						0.1127914767		0.1127914767		0.0660597566		0.0660597566

						0.1282901353		0.1282901353		0.0479110127		0.0479110127

						0.1072493145		0.1072493145		0.0284326375		0.0284326375

						0.1030642912		0.1030642912		0.0653355326		0.0653355326

						0.1234960432		0.1234960432		0.0707127618		0.0707127618

						0.1013414602		0.1013414602		0.0723500349		0.0723500349

						0.0587558523		0.0587558523		0.1236410903		0.1236410903

						0.0461531982		0.0461531982		0.0488048235		0.0488048235

						0.1209746078		0.1209746078		0.0937320503		0.0937320503

						0.1208693742		0.1208693742		0.0613401898		0.0613401898

						0.1141993028		0.1141993028		0.0596266992		0.0596266992

						0.0853327396		0.0853327396		0.0427103119		0.0427103119

						0.1432732797		0.1432732797		0.0852881012		0.0852881012

						0.1149889299		0.1149889299		0.0719493324		0.0719493324

						0.1237869327		0.1237869327		0.08289554		0.08289554

						0.1395668657		0.1395668657		0.0585047784		0.0585047784

						0.1597415277		0.1597415277		0.0593988889		0.0593988889

						0.1607441378		0.1607441378		0.2089196667		0.2089196667



leanmean

obesmean

time (min)

glucose infusion rate (mmol/min/kgBW)



Sheet2

		





Sheet3

		






_1032869276.unknown

_1032869346.unknown

_1032536395.unknown

_1028616217.unknown

_1028616162.unknown

_1028616191.unknown

_1015331348.unknown

_1015331644.unknown

_987696134.unknown

_1015331063.unknown

_1015331129.unknown

_1015331152.unknown

_1015331100.unknown

_1015330633.unknown

_1015330900.unknown

_1015330969.unknown

_1015330639.unknown

_987701134.unknown

_987701749.unknown

_1015328404.unknown

_987701157.unknown

_987701017.unknown

_987700864.unknown

_987664922.unknown

_987694843.unknown

_987696047.unknown

_987694669.unknown

_987664920.unknown

_987664921.unknown

_987664907.unknown

_987664909.unknown

_987664906.unknown

