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Abstract—Aim of the study was to test the reproducibility of
estimates of static, &,, and dynamic, @, B-cell sensitivity to
glucose, and predictions of the insulin secretion rate, SR(?),
provided by the C-peptide oral minimal model (COMM)
applied to oral glucose tolerance tests (OGTT) of various
complexity. The study involved six volunteer, normotensive and
normoglycemic subjects who underwent a 300-minute OGTT.
Results from a full 22-sampling schedule (OGTTj;¢,,), Were
compared with those from two reduced schedules consisting of
11 samples in 300 min (OGTT3g11) and 7 samples in 120 min
(OGTTz07)- Our results showed that both reduced-sample
protocols did not affect significantly the estimates of @&,.
Intraclass correlation coefficients were higher than 0.9. The &,
appeared more sensitive to reductions of protocol complexity.
Nevertheless, intraclass correlation coefficients kept higher
than 0.7. No significant differences were found in model
predictions of SR(?) profiles among all tested OGTT protocols.
These findings confirm the COMM as a potentially useful tool
to quantify [-cell sensitivity and insulin secretion rate in
pathophysiological studies, from relatively low-cost OGTT.

I. INTRODUCTION

T has recently been demonstrated that, by extending to the

oral glucose tolerance test (OGTT) the C-peptide minimal
model developed for intravenous glucose infusion, it is
possible to quantify characteristic parameters of [-cell
function. These are a static sensitivity index, @, that
quantifies insulin secretion in response to a given glucose
concentration, and a dynamic sensitivity index, @,, that
quantifies the response to the rate of change in glucose
concentration [1]-[3]. Prediction of insulin secretion profile,
SR(t), is also allowed. Given that the OGTT is the most
commonly used test in clinics, this C-peptide oral minimal
model (COMM) has particular interest. Simultaneous use of
the COMM with the oral minimal model (OMM) of glucose
kinetics is expected to allow accurate assessment of f-cell
function in relation to the degree of insulin sensitivity
[3],[4]. Because easier and less costly applications of oral
glucose tests, interpreted with the COMM, can be
accomplished by optimization of the sampling schedule,
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reported studies have focused on protocols of time length
from 300 to 120 min with 22 to 7 blood samples, in
nondiabetic individuals with a large spectrum of glucose
tolerance [2],[3].

The aim of the present study was to test the
reproducibility of @, and @&, estimates, and of SR(?) profile
obtained from applying the COMM to OGTT data measured
in normotensive and normoglycemic patients, not affected
by the metabolic syndrome, MS [5]. The perspective was to
build control values useful to pursue future
pathophysiological studies.

II. METHODOLOGY

A. Subjects and protocol

This study included six subjects (3 men and 3 women)
with mean age of 46.2 (SD=13.2) yr and body mass index,
BMI, of 24.2 (SD=3.4) kg/m”. All they gave informed
consent to the procedures approved by the Ethics
Committee. All subjects were normotensive and
normoglycemic, and met no more than two of the three other
ATP III criteria of MS, i.e. abdominal obesity, decreased
HDL cholesterol and elevated serum triglycerides [5]. Each
subject underwent an OGTT for measurements of glucose,
insulin and C-peptide plasma concentration data, starting at
8:30 a.m., after overnight fast. One blood sample was taken
immediately before a 75 g glucose load administration
(t=0), and 21 more blood samples were taken at minutes 10,
20, 30, 45, 60, 75, 90, 105, 120, 135, 150, 165, 180, 195,
210, 225, 240, 255, 270, 285 and 300 (OGTTsp02) [2].
Competing reduced protocols were an OGTTsg; with
samples at minutes 0, 10, 20, 30, 60, 90, 120, 150, 180, 240
and 300; and an OGTT),(; obtained from the OGTT;¢0,; by
reducing the time-length to 120 min [3].

B. Model identification

Evaluation of @, and @, indexes, and SR(?) profile was
accomplished by fitting the COMM to C-peptide data [2],
[3]. The method proposed by Van Cauter et al. [6] was used
for calculation of parameters of C-peptide kinetics.

COMM-based evaluation of B-cell sensitivity from the
OGTT)y07 protocol suffers from a lack of information that
does not allow a reliable estimation of the glucose threshold
above which insulin secretion occurs. To overcome this
limitation, the threshold was assumed equal to basal glucose
concentration [3].

C. Reproducibility analysis
Intraclass correlation coefficient [7] (irrespective of
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CV%) was used to evaluate the agreement of both @&,

and @, estimates obtained from the full and the reduced
OGTTs.

III. RESULTS

Mean fasting plasma concentrations of glucose, insulin
and C-peptide were 79.3 (SD=10.9) mg/dl, 5.03 (SD=1.79)
pU/ml and 480 (SD=210) pmol/l, respectively. Waist
circumference was 86.2 (SD=12.8) cm. Serum triglycerides
and HDL cholesterol were 77.0 (SD=55.5) mg/dl and 55.7
(SD=15.4) mg/dl, respectively.

Means and 95% confidence intervals (CI) of @y
(dimensionless) were 4752: 583 (228-937) x10” from

OGTTs0002, @)= 559 (274-844) x10” from OGTTs0011,
and @; = 589 (322-855) x10” from OGTT 2. Mean (CI)
@, estimates (10°-min") were @fzz 39.5 (19.9-58.1),
@!'=51.8 (25.0-78.6), and @] = 63.3 (29.1-97.6). Mean
CV% did not exceed 42% for @; and 19% for @, .
Compared to @jz, the intraclass correlation coefficient
was 0.96 for @él and 0.91 for @; . Compared to chZ, the
intraclass correlation coefficient was 0.84 for @!/ and

reduced to 0.71 for @/ .

The SR(?) profiles obtained from the three different OGTT
data sets are compared in Fig. 1.
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Fig. 1. Mean (£ SE) values of insulin secretion rate, SR(?), predicted
in our subjects by the COMM, after application to OGTTsp022 (full
squares), OGTT30011 (open triangles) and OGTT 207 (open circles).

IV. DiscussioN

Our selection criteria limited the number of participants in
this study, but allowed us to control for confounding effects
of hypertension [8] and metabolic syndrome, MS, defined
according to the ATP III criteria [5].

The application of the COMM to the full OGTT;, data

set yielded mean (£SE) estimates of @52 = 583+181 x10”

and @ = 39.5+£10.0 x10” min”, that fall between the

mean values of 871446 %10 and 42.4+1.6 x10° min’,
respectively, reported in [3], and the mean values of
314+231 x10” and 18.3+4.1 x10°- min™, respectively,
reported in [9], for nondiabetic control subjects.

Our analysis of intraclass correlation coefficients [7]
indicated that sampling schedule reductions from 300 min
and 22 samples to 120 min and 7 samples do not affect
significantly the @, estimates. A greater effect was seen on
@, estimates, but concordance levels were still acceptable.

Application of the COMM to a 300-minute OGTT
protocol allows prediction of the full profile of SR(?). In our
subjects, the initial rise (0+30 min) and the tail (150+300
min) of the profiles derived from the OGTT;¢p, and the
OGTT;0011 were practically superimposed, while visible
differences in the time frame between 30 and 120 min were
not significant (ANOVA, p<0.05). Thus, a 50% reduction in
the number of samples did not affect significantly the
prediction of SR(?) all over the 300 min time frame. The
SR(t) profile obtained from the minimized OGTT50;
protocol (Fig. 1) was practically superimposed to that
obtained from the OGTTj3qg/1;, Wwithin the time frame where
the comparison is possible.

In conclusion, the COMM appears a potentially useful
tool to quantify B-cell sensitivity and insulin secretion rate in
pathophysiological studies, from relatively low-cost OGTT.

REFERENCES

[11 G. Toffolo, E. Breda, M. K. Cavaghan, D. A. Erhmann, K. S.
Polonsky and C. Cobelli, “Quantitative indexes of beta-cell function
during graded up&down glucose infusion from C-peptide minimal
models,”Am J Physiol Endocrinol Metab, vol. 280, pp. E2-10, 2001.

[2] E. Breda, M. K. Cavaghan, G. Toffolo, K. S. Polonsky, and C.
Cobelli, “Oral glucose tolerance test minimal model indexes of beta-
cell function and insulin sensitivity,”Diabetes, vol. 50, pp. 150-8,
2001.

[3] C. Dalla Man, M. Campioni, K. S. Polonsky, R. Basu, R. A. Rizza, G.
Toffolo, and C. Corbelli, “Two-hour seven-sample oral glucose
tolerance test and meal protocol: minimal model assessment of beta-
cell responsivity and insulin sensitivity in nondiabetic individuals,”
Diabetes, vol.54, pp. 3265-73, 2005.

[4] B. Ahrén and G. Pacini, “Importance of quantifying insulin secretion
in relation to insulin sensitivity to accurately assess beta cell function
in clinical studies,” Eur J Endocrinol, vol.150, pp. 97-104, 2004.

[5] Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults. “Executive Summary of The Third Report of
The National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III),” JAMA, vol. 285, pp. 2486-2497,
2001.

[6] E.Van Cauter, F. Mestrez, J. Sturis, and K. S. Polonsky, “Estimation
of insulin secretion rates from C-peptide levels: comparison of
individual and standard kinetic parameters for C-peptide clearance,”
Diabetes, vol.41, pp. 368-77, 1992.

[71 J. L. Fleiss, “Statistical Methods for Rates and Proportion,” New
York: Wiley, 1980, pp. 212-236.

[8] R. Burattini, F. Di Nardo, M. Boemi, and P. Fuselli, “Deterioration of
insulin sensitivity and glucose effectiveness with age and
hypertension,” Am J Hypertens, vol. 19, pp. 98-102, 2006.

[91 D. A. Ehrmann, E. Breda, M. K. Cavaghan, S. Bajramovic, J. Imperial,
G. Toffolo, C. Cobelli, and K. S. Polonsky, “Insulin secretory
responses to rising and falling glucose concentrations are delayed in
subjects with impaired glucose tolerance,” Diabetologia, vol. 45, pp.
509-17, 2002.

450



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


