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We performed hyperglycemic clamps in 283 nondiabetic Caucasians and, with multiple linear regression, determined the
contribution of B-cell function and tissue insulin sensitivity to variations in glycemia and insulinemia during oral glucose
tolerance tests (OGTTSs). Impaired glucose tolerance (IGT) subjects had reduced insulin sensitivity (P < .02) and B-cell function
(P < .0001). Normal glucose tolerance (NGT) subjects with first-degree type 2 diabetic relatives had reduced first and second
phase insulin secretion (both, P < .05), but normal insulin sensitivity (P = .37). B-Cell function and insulin sensitivity accounted
for one fourth of the variability in glucose tolerance. Fasting plasma glucose in subjects with NGT (n = 185) was a function of
both phases of insulin secretion and of insulin sensitivity (all, P < .05), whereas, in IGT subjects (n = 98), it was a function of
first phase insulin secretion and insulin sensitivity (P < .01). Two-hour glycemia was a function of second phase secretion and
insulin sensitivity (P < .01). Fasting and 2-hour plasma insulin levels were determined by insulin sensitivity (and glycemia) in
NGT subjects (P < .001), but by second phase secretion in IGT (P < .001). We conclude that B-cell function is reduced in
subjects with IGT; glycemia and insulinemia are not regulated by the same mechanisms in IGT and NGT; insulin sensitivity
does not contribute to insulinemia in IGT, family history of diabetes influences B-cell function, but not insulin sensitivity in
Caucasians.

Copyright © 2000 by W.B. Saunders Company

AINTENANCE OF normal glucose tolerance is depen- used the euglycemic hyperinsulinemic clamp to evaluate insulin
dent on the integrity of both insulin-dependent and sensitivity#6-° but none to date has directly examined both
insulin independent mechanisrhslowever, most attention has B-cell function and insulin sensitivity in a large number of
been focused on insulin-dependent processes, such as suppresndiabetic individuals using clamp techniques to assess their
sion of glucose production and stimulation of glucose utiliza- contribution to maintenance of normal glucose tolerance. The
tion.2 Their regulation by insulin may be considered to be ahyperglycemic clamp is the generally accepted method to assess
function of the insulin available to tissues (ie, islgtcell B-cell function under standard conditions. In previous studies,
function) and the responses of tissues to insulin (ie, tissuéMitrakou et al® compared the insulin sensitivity index deter-
insulin sensitivity). It is of note that insulin availability to major mined using a hyperglycemic glucose clamp with the insulin
target tissues (muscle, adipose tissue) is also partly determinezbnsitivity index determined using a euglycemic hyperinsulin-
by the removal of insulin by the liver and kidney. Abnormalities emic glucose clamp (the “gold standard”) in the same subjects.
in both insulin secretion and insulin sensitivity have beenThey found a good correlation and a good agreement between
shown to be risk factors for type 2 diabeféslt is unclear, the 2 methods with almost the same numerical values and
however, to what extent each of these contributes to mainteproposed the use of the hyperglycemic glucose clamp for both
nance of normal glucose tolerance and to the development gs-cell function and for the assessment of the insulin sensitivity
type 2 diabetes. Numerous studies have attempted to addresslex.
this issue by comparing insulin secretion and insulin sensitivity ~ Accordingly, we used this approach to compare pancreatic
in individuals with and without diabetésSome studies have B-cell function in 98 subjects with impaired glucose tolerance
(IGT) with 185 subjects with normal glucose tolerance (NGT).
Moreover, with multiple linear regression, the contribution of
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consent was obtained. Data from some of these subjects has bedr20 to 180 minutes (as pmol/kg LBM/minute*) divided by the mean
previously reported%13-15 plasma insulin level of the third hour.
All subjects had normal values for routine laboratory measurements
for hematology, lipids, and kidney, liver, and thyroid function. Lean Statistical Analysis
body mass (LBM) was calculated according to Hume’s forifulat

mass (FM) was calculated as body weight minus LBM. Data are presented as meanSEM. Plasma insulin levels were

log-transformed for analyses because they had a log-normal distribution
Oral Glucose Tolerance Test and 1a;re presented as geometric mean with 95% confidence intervals
(.

An oral glucose tolerance test (OGTT) was performed using 75 g Analysis of variance (ANOVA) was used for all assessments. First,
glucose (in 300 mL water). Blood samples for glucose and insulinmyltiple (M)ANOVA was assessed for all 4 groups of subjects together;
determinations were taken at 0, 30, 60, 90, and 120 minutes. separate analyses were performed only if the overall MANOVA showed
statistically significant differences. For OGTT data, first MANOVA for
repeated measures was performed; separate ANOVA were performed

On a separate day, this test was performed as previously deonly if MANOVA for repeated measures showed statistically significant
scribed*15 arterialized venous blood glucose was maintained at 10differences.
mmol/L (coefficient of variation [CV],~3%) with variable infusion ANOVA was performed with use of age, gender, body mass index
with 20% glucose. Blood samples for insulin determination were taken(BMI), and waist-to-hip ratio (WHR) as covariates because they affect
at points specified (see Fig 2). During the clamp, the glucose infusiorinsulin secretion and insulin sensitivity.

Hyperglycemic Glucose Clamp

rate (GIR) was assessed. Multiple linear regression was used for the assessment of the
influence of (first and second phase) insulin secretion and of ISI on
Laboratory Measurements fasting (average of both study days) and 120-minute plasma glucose and
Plasma insulin was determined by radioimmunoassay as previouslﬁ’Iasma insulin Ieyels of the Q(_BTT’ and for 'the assessment of the
described3.14 influence of baseline characteristicsfell function and the ISI.
The contribution of each parameter to the variance in fasting and
Calculations 120-minute postglucose-load plasma glucose and insulin levels was

assessed with the multiple linear regression by the use of the squares of

Subjects were divided into the categories NGT or IGT and into ye partial correlation coefficients; this was expressed as percentage.
categories of positive or negative family history of type 2 diabetes

mellitus. . . - RESULTS
OGTT. Logarithmic transformation for plasma insulin was used ) ) o
because plasma insulin levels showed a log-normal distribution. Demographic and Metabolic Characteristics

Hyperglycemic clamp. The consistency and the variability of the
clamp were as_sessed as mean and as CV of plasma glucose Ievelsl,[h NGT in age, BMI, WHR, fat mass (FM), glycated
respectively. First phase insulin secretion was taken as the sum oh lobin (HbAD). fasti | | FPG df
increments of plasma insulin levels from 2.5 to 10 minutes during the, emogio 'n_( : 3), fasting plasma g uc_ose ( ), and fast-
hyperglycemic clamp: second phase insulin secretion was taken as tH89 Plasma insulin (FPI) (all? < -01)-. During OGQTS' plasma
average increment plasma insulin from 140 to 180 minutes. glucose values were greater at all timEs<(.001) in the IGT

Insulin sensitivity was assessed as an insulin sensitivity index (1SI),group (Fig 1). The 30-minute increment in their plasma insulin
defined as GIR necessary to maintain the hyperglycemic clamp fromwas significantly lower than in the NGT group (207 [179 to 238]

As shown in Table 1, subjects with IGT differed from those

Table 1. Clinical and Metabolic Characteristics of Subjects

NGT IGT

All FH- FH* All FH- FH
No. 185 85 100 98 39 59
Gender 63M/122F 33M/52F 30M/70F 38M/60F 19M/20F 19M/40F|
Age (yr) 429+08 447 +12 41.4 = 1.0* 49.3 = 1.1t 51.0 + 1.7% 48.1 + 1.51
Weight (kg) 755 + 1.0 744+ 1.4 765+ 1.5 787+ 1.6 81.3 2.3 76.9 + 2.2
Height (m) 1.70 = 0.01 1.69 + 0.01 1.70 = 0.01 1.68 + 0.01 1.68 + 0.01 1.67 + 0.01
BMI (kg/m?) 26.1+0.3 25.9 + 0.4 26.3 + 0.4 28.0 + 0.5t 28.7 + 0.8% 27.6 +0.7
WHR 0.82 + 0.01 0.83 + 0.01 0.82 + 0.01 0.88 + 0.01t 0.90 + 0.018§ 0.86 + 0.011|
LBM (kg) 51.1+ 0.5 50.6 + 0.7 51.3 + 0.8 51.2 + 0.8 52.6 + 1.1 50.2 + 1.1
FM (kg) 245+ 0.6 238+ 0.9 252+ 0.9 275+ 1.0t 28.6 + 1.6% 267+ 1.3
HbA1, (%) 5.11 + 0.04 5.03 + 0.06 5.18 + 0.05* 5.56 + 0.06t 5.59 + 0.07§ 5.54 + 0.07#
FPG (mmoliL) 5.04 + 0.04 4.97 + 0.04 5.16 + 0.05% 5.49 + 0.05t 5.62 + 0.098 5.40 + 0.061]|
FPI (pmol/L) 38 (35-40) 38 (35-42) 37 (34-41) 53 (47-61)t 59 (50-70)§ 49 (40-61)1

NOTE. Data are mean *= SEM; FPI is geometric mean (95% ClI).
*P < .05, NGTFH* vNGT FH~.

tP<.01, Al IGT vall NGT.

FP<.02,IGT FH- vNGT FH".

§P <.0001, IGT FH- vNGT FH~.

||P< .05, IGT FH~ VIGT FH*.

P < .01, IGT FH* vNGT FH*.

#P < .0001, IGT FH* vNGT FH".
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Table 2. Indices of Insulin Secretion and Insulin Sensitivity in Subjects With NGT and IGT

NGT

IGT

All FH-

FH* Al FH- FH*

Insulin secretion
First phase (pmol/L-1)
Second phase (pmol/L-1%)
Insulin sensitivity

711 (651-777)
281 (261-304)

796 (718-883)
301 (272-334)

647* (562-745)
2661 (239-297)

4671 (398-548)
203% (178-233)

449§ (359-562)
2098 (176-249)

4807 (378-609)
1997 (160-248)

M (umol/kg LBM~1 min-1) 741 +20 775+ 3.1 71225 46.7 + 1.6% 44.0 = 2.78 48.4 = 2.01
ISI (umol/kg LBM—1
min~/pmol-/L-1) 0.236 + 0.008 0.228 + 0.011 0.242 + 0.012 0.202 + 0.012% 0.179 = 0.019| 0.217 + 0.016

NOTE. Data for insulin secretion is geometric mean (with 95% CI). Data for insulin sensitivity is mean = SEM.
Abbreviations: M, glucose infusion rate during third hour of hyperglycemic clamp divided by lean body mass; ISI, insulin sensitivity index (M

divided by mean plasma insulin level during third hour of hyperglycemic cl
*P<.01, TP <.05 NGTFH* vNGT FH".
$P<.001, all IGT vall NGT.
§P <.0001, [P <.02,IGT FH- vNGT FH-.
P <.01,IGT FH* vNGT FH*.

sensitivity index explained 14% and 10% of the variance in

FPG.

amp).

IGT. Only second phase secretion and ISI contributed
significantly to 120-minute plasma glucose={ .32, P < .01),

NGT. First and second phase secretion and the ISI contribexplaining 7% and 10% of the variances, respectively.

uted significantly to FPG (= .37,P < .0001), explaining 11%,
4%, and 2% of the variance.

IGT. First phase secretion and the ISI contributed signifi-
cantly to FPG (( = .50, P < .0001), explaining 16% and 10%
of the variances.

Plasma Glucose at 120 Minutes

All subjects. Insulin sensitivity index, first and second
phase insulin secretion all contributed significantty=(.56,

DETERMINANTS OF FASTING AND 2-HOUR PLASMA
INSULIN CONCENTRATIONS

Fasting Plasma Insulin

All subjects. Only insulin sensitivity and plasma glucose
contributed significantly r(= 0.72, P < .00001), explaining
18% and 14% of the variances, respectively (Table 4).

NGT. Insulin sensitivity and plasma glucose contributed

P < .00001) and explained 21%, 2%, and 11% of the varianceSignificantly to plasma insulinr (= .62, P < .00001), explain-

respectively.

NGT. Only second phase secretion and insulin sensitivity

contributed significantly r(= .36, P < .001), explaining 4%
and 10% of the variance, respectively.

Table 3. Multiple and Partial Correlation Coefficients of the
Relationships of Fasting and 120-Minute Postload Plasma Glucose
and Parameters of Insulin Secretion and Insulin Sensitivity as
Estimated During Hyperglycemic Clamps in All 283 Subjects, Those
With NGT (n = 185), and Those With IGT (n = 98), Separately

Partial Correlation

Coefficient
Multiple First Second Insulin
R Phase Phase Sensitivity
Fasting plasma glucose
NGT 0.37* —0.33* 0.191 —0.15%
IGT 0.50* —0.40% 0.12 —0.28t
All 0.48* —0.38* 0.09 —0.32*
120-min plasma glu-
cose
NGT 0.368 0.02 —0.20t —0.328
IGT 0.321 —0.09 —0.27t —0.311
All 0.56* —0.13% —0.33* —0.48*
*P < .00001.
TP < .01
1P < .05.
§P < .001.

ing 16% and 4% of the variances, respectively.

IGT. Insharp contrast to the NGT group, in the IGT group,
second phase insulin secretion and plasma glucose contributed
significantly ¢ = .85,P < .00001), explaining 19% and 22% of
the variances, respectively.

Plasma Insulin at 120 minutes

All subjects. Second phase secretion, insulin sensitivity
index, and plasma glucose contributed significantly to the
plasma insulin levelr(= .72, P < .00001) and explained 4%,
7%, and 30% of the variances, respectively.

NGT. Only insulin sensitivity and 120-minute plasma glu-
cose contributed significantly & .69,P < .00001), explaining
12% and 25% of the variances, respectively.

IGT. Again, in sharp contrast to the NGT group, only
second phase insulin secretion contributed significantly to
plasma insulin { = .64, P < .00001), explaining 40% of the
variance, while insulin sensitivity did not contribute signifi-
cantly.

Relationship Betweeg-Cell Function and ISI

The relationship between first and second phase insulin
secretion and insulin sensitivity index is depicted in Fig 3.
Curvilinear relationships were found both for NGT and for IGT
subjects, but for a given insulin sensitivity, insulin secretion was
reduced in IGT subjects.
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Table 4. Multiple and Partial Correlation Coefficients of Mean Fasting and 120-Minute Postload Plasma Insulin Levels and Parameters of Insulin
Secretion and Insulin Sensitivity as Estimated During Hyperglycemic Clamps in All 283 Subjects, Those With NGT (n = 185), and Those With
IGT (n = 98) Separately

Fasting Plasma Insulin Level

Partial Correlation Coefficient

Multiple First Second Insulin Fasting
R Phase Phase Sensitivity Glucose
NGT 0.62* 0.10 0.09 —0.40* 0.20%
IGT 0.85* 0.14 0.43t -0.19 0.47*
All 0.72* 0.11 0.12 —0.42* 0.38*

120-Minute Plasma Insulin Level

Partial Correlation Coefficient

Multiple First Second Insulin 120-Minute
R Phase Phase Sensitivity Glucose

NGT 0.69* —0.05 0.09 —0.35* 0.50*
IGT 0.64* 0.08 0.63* —0.07 0.18
All 0.72* 0.03 0.198 —0.26* 0.55*

*P < .00001.

tP <.001.

1P < .05.

§P < .01.
DETERMINANTS OF B-CELL FUNCTION AND ISI Second Phase Secretion

First Phase Secretion All subjects. BMI, family history, and age contributed

All subjects. Multiple linear regression indicated that BMI  Significantly ¢ = .43, P <.00001), explaining 17%, 2%, and
and family history contributed significantly to first phase insulin 2% Of the variances, respectively. _
secretion ( = .34, P < .00001), explaining 8% and 2% of the ~ NGT. BMI, WHR, ‘age, and family history contributed
variances, respectively (Table 5). significantly ¢ = .43,P < .00001, explaining 9%, 3%, 3%, and

NGT. BMI, family history, and body weight contributed 3% Of the variances, respectively.
significantly, explaining 10%, 4%, and 3% of the variances, CT- Only BMI contributed S|gn.|f|_cantly to second .phase
respectively. secretioni( = .57,P < .00001) explaining 27% of the variance.
IGT. BMI and gender contributed significantly € .50, ) .
P < .00001), explaining 9% and 5% of the variances, respeciMSulin Sensitivity Index
tively. All subjects. BMI and WHR contributed significantly
(r = .51, P <.000001), explaining 19% and 2% of the vari-
ances, respectively.
1200 NGT. Only BMI contributed significantly r( = .40,

% 900 - P <.00001), explaining 14% of the variance.
S5 IGT. Only BMI contributed significantly to insulin sensitiv-
£8 E 600 ity (r = .67,P < .00001), explaining 34% of the variance.
~£0 4
Z Z 300 INFLUENCE OF FAMILY HISTORY OF TYPE 2 DIABETES
u =
sog - Geometric Mean = 95% ClI NGT Subjects
. 5 o - NGT (n_=185) Clinical characteristics. NGT subjects with a family his-
2% ® = IGT [n=08) tory of type 2 diabetes differed from those with no family
= 8§250 | history of type 2 diabetes only in HbALP = .041), FPG
o (P = .006), and ageR = .039) (Table 1).
55 Metabolic characteristics. MANOVA for repeated mea-
&2 o sures showed that plasma glucose, as well as plasma insulin
o 0‘1 0‘2 0‘3 OTA oe levels, were different between the 4 groups during OGTTs

Insulin Sensitivity Index (both, P < .01) (Figs 1 and 2, Table 2). NGT subjects with a
{umot/kg LBM/min/pmol/L} family history of type 2 diabetes had higher plasma glucose
values at 90 minute$(= .015) and at 120 minute® (= .039)

Fig 3. Relationship between first phase secretion (upper panel)  than NGT subjects without a family history, but plasma insulin
and second phase (lower panel) (geometric mean, 95% CI) and insulin . . .
S : ; concentrations did not differ.
sensitivity index in NGT (open symbols) and IGT subjects (closed . . .
symbols); the subjects were subdivided into sextiles of insulin During hyperglycemic clamp experiments, plasma glucose

sensitivity. concentrations were comparable in the groups with (29701



B-CELL FUNCTION AND IGT 1323

Table 5. Partial Correlation Coefficients Determined With Multiple Linear Regression of Baseline Characteristics and
Parameters of Insulin Secretion and ISl as Estimated During Hyperglycemic Clamps in All 283 Subjects,
Those With NGT (n = 185), and Those With IGT (n = 98), Separately

All Subjects NGT Subjects IGT Subjects
First Second First Second First Second
Phase Phase ISI Phase Phase ISI Phase Phase ISI
Family history -0.13* —0.14* 0.08 —0.19t -0.16* 0.08 0.09 0.06 0.06
Gender —-0.11 —0.02 —0.002 0.05 —0.03 0.01 —0.22* —0.09 —0.03
Age -0.11 —0.15* —0.03 -0.07 -0.16* —0.03 0.05 0.05 -0.15
Body weight —-0.01 0.02 0.02 —0.16* -0.11 0.02 —0.02 0.03 0.03
Height —0.02 0.02 0.02 0.03 -0.01 0.03 0.11 0.03 -0.11
BMI 0.28% 0.41% —0.44% 0.318§ 0.308 —0.38% 0.301 0.52% —0.58%
WHR —0.02 0.03 —0.14* 0.05 0.15* —0.07 0.12 0.16 -0.17
Multiple R 0.34% 0.43% 0.51% 0.39% 0.43% 0.40% 0.50% 0.57F 0.67%
*P <.05.
tP<.01.
P < .00001.
§P < .001.

mmol/L; CV, 3.3%= 0.2%) and without (10.0% 0.03 mmol/L;  reported by other¥2° but also have diminishefl-cell func-
CV, 4.4%=* 0.4%) a family history of type 2 diabetes. First tion. Previously, various investigators have concluded that IGT
phase and second phase plasma insulin respoRses@06 and  subjects have an increas®ormal?® or disturbed??insulin
P = .040, respectively) were significantly reduced in those withsecretion on the basis of plasma insulin levels after an intrave-
a family history of type 2 diabetes, when gender, age, BMI, andnous (1) GTT, or during 28-hour glucose infusidfihowever,
WHR were used as covariates (Table 2). The ISIs were nothese approaches do not take into account that plasma glucose
significantly differentP = .37). levels are different between controls and IGT subjects.
) Itis important to draw a distinction between insulin secretion
IGT Subjects andpB-cell function. The latter represents the appropriateness of
Clinical characteristics. IGT subjects with a family history  the B-cell response for the stimulus, while the secretion is
of type 2 diabetes differed from those without such a historymerely the amount of insulin secreted per unit of time. The use
only ingenderP = .04), WHR @ = .016), and FPGR = 0.04)  of the standardized stimulus with the clamp technique evaluates
(Table 1). B-cell function, because the stimulus (glucose) is kept constant.
Metabolic characteristics. During OGTTs, there were no We find that variations if3-cell function and insulin sensitiv-
differences in plasma glucose and insulin concentrations beity, as measured in the present study, were able to account for
tween the IGT groups (Figs 1 and 2, Table 2). less than a third of the variance in fasting and 2-hour plasma
During hyperglycemic clamp experiments, plasma glucoseglucose concentrations after an OGTT. Taken at face value,
concentrations were comparable in the groups withthese observations suggest that the majority of the variation in
(10.09= 0.03 mmol/L; CV, 2.7%* 0.2%) and without a fasting and 2-hour plasma glucose may be determined by
family history of type 2 diabetes (10.1 0.03 mmol/L; CV,  non-insulin-mediated mechanisms. With respect to fasting
3.1% = 0.3%). First phaseq = .46) and second phade € .57) plasma glucose, this is not too surprising, because in the
plasma insulin responses nor the ISIs differed between the Bostabsorptive state, most of glucose disposal occurs in insulin
IGT groups P = .13) with age, gender, BMI, and WHR as independent tissues (ie, brathHowever, it was unexpected
covariates (Table 2). that only about a third of the variation in the 120-minute plasma
glucose is apparently accounted for by insulin-mediated mecha-
nisms, because insulin-induced suppression of hepatic glucose
The present studies were undertaken primarily to compareelease and insulin-stimulated muscle glucose uptake are thought
B-cell function in IGT subjects with NGT subjects; moreover, to be major factors regulating postprandial glucose metabo-
we wanted to determine the relative contributions of variationslisme 25.24.25|t could well be that other factors, such as insulin
in B-cell function and insulin sensitivity to maintenance of stimulation by incretins, first pass hepatic extraction of insulin,
NGT. As a secondary goal, we sought to assess the influence dafisulin clearance by other tissues, influence of insulin on
various commonly measured demographic characteristics includglucagon, and insulin regulation of its own receptor number
ing family history of type 2 diabetes of-cell function and  after 2 hours of hyperinsulinemia all play their role. Indeed, the
insulin sensitivity. 120-minute plasma glucose value can vary considerably from
We had previously reported that NGT first-degree relatives ofday to day in a given individual. The finding that the 120-minute
type 2 diabetes subjects have a lovgecell function, but a  plasma glucose values on 2 consecutive OGTTs only 10 days
normal insulin sensitivity index as compared with NGT con- apart correlated with B? of only 0.5442% suggests that roughly
trols 1314 half of the variation of the 120-minute plasma glucose is due to
In the present studies, we find that individuals with IGT not these factors.
only have diminished insulin sensitivity as has been previously Regarding the individual contributions of components of

DISCUSSION
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insulin-mediated pathways, we found roughly comparableachieved when a person has become impaired glucose-tolerant.
contributions of insulin secretion and insulin sensitivity to The relationship between insulin sensitivity and first phase
fasting and 120 minutes plasma glucose; this is consistent witlsecretion is depicted in Fig 3, which has a plateau for the lowest
the inverse correlation @g-cell function and insulin sensitivity  insulin sensitivity; this figure therefore points to a maximal
noted by Bergman et alising minimal model analysis (Fig 3). upregulation in the most insulin-resistant individuals, even in
Both fasting and the 120-minute postglucose-load plasmaNGT subjects. However, such a plateau was not found for
insulin were correlated independently with insulin sensitivity. second phase. Although it is not clear what is the cause of the
However, the ambient plasma glucose concentration was dhact that we could not find a plateau for second phase in this
least as important an explanation of the variances. figure, it is conceivable that a number of insulin-resistant
The practical consequence of these findings is that fastingndividuals who happened to have a slightly lower insulin
and 120-minute plasma insulin levels must be used with cautiomelease than the ones represented in that figure fell out of the
as surrogate markers for insulin resistance (see below). scope of the present studies because they would have developed

type 2 diabetes.
Influence of IGT

In IGT subjects, the fasting plasma glucose concentration?eterminams of Insulin Secretion and Insulin Sensitivity

were a function of first phase insulin release and insulin Multiple linear regression indicated that BMI, which reflects
sensitivity, whereas, in both groups, the 120-minute plasmaercent body fa®? and family history of type 2 diabetes affected
glucose was a function of second phase insulin release anboth first and second phases of insulin release; as noted above,
insulin sensitivity (but not first phase insulin release). Althoughbecause insulin release was determined during glucose clamp-
the physiologic rationale behind this relationship of fastinging, this pertains t@-cell function. The correlation of family
plasma glucose and first phase release (which is seen both imstory with both parameters of isl@tcell function is consis-
IGT and NGT) may not be immediately clear, it might be that tent with there being a genetic influence on insulin secre-
first phase release limits glucose excursions, which would thetion 3133 Regarding insulin sensitivity, BMI and WHR contrib-
lead to lower (fasting) plasma glucose levels. Alternatively, it uted significantly to its variance. These factors are known to be
cannot be excluded that even a slightly raised fasting plasmassociated with insulin resistan®e®® In contrast, neither
glucose itself continuously induces release of the sgraell family history, gender, age, body weight, nor height indepen-
pool of releasable insulin that is used for IV glucose-induceddently contributed to the variation in insulin sensitivity. Previ-
first phase release, thereby leading to finding a low “first phaseously, insulin resistance has been reported to occur in familial
release” during hyperglycemic glucose clamping. Itis of note in clusters’”-3Because the present analysis adjusted for BMI and
this respect that the low (or absent) first phase release in type WHR, which are thought to be under genetic control, it is
diabetes subjects can return after 20 hours of euglyc&mia. possible that familial clustering of these variables may explain
NGT and IGT individuals differed in the factors involved in the the lack of association with family history. In conclusion, our
variation of fasting and 120-minute insulin levels. In NGT, studies indicate that subjects with IGT not only have insulin
insulin sensitivity and ambient plasma glucose were the mairresistance, mainly explained by obesity, but that tigeirell
determinants, whereas in IGT, second phase insulin release arfidnction is diminished, and not increased as has often been
ambient glucose were involved. There is evidence for theassumed. Furthermore, they indicate tBatell function and
existence of long-term adaptation pfcell function to tissue tissue insulin sensitivity explain only one third of the variation
insulin sensitivity; for example, very lean (presumably insulin- in fasting and 2-hour postglucose load glycemia suggesting that
sensitive) NGT subjects have lowes-cell function than  non—insulin-mediated mechanisms may be more important than
normal-weight controBS; conversely, insulin-resistant subjects previously thought. Both fasting and 120-minute plasma insulin
show higher insulin secretion during glucose infusions thanlevels were determined by different factors in NGT and in IGT.
subjects with a normal insulin sensitiviRy.Our finding that  Therefore, neither fasting nor postioad plasma insulin levels can
BMI and WHR contribute to insulin secretion points to the samebe used as a marker of insulin resistance in IGT; similarly, they
phenomenon. Thus, it becomes plausible that insulin sensitivitcannot be used as markers of insulin secretion in NGT.

(and plasma glucose) determine 120-minute plasma insulin in Finally, NGT first-degree relatives of subjects with type 2
the NGT subjects. In IGT subject’;cell function (and ambient diabetes have a lower insulin secretion than controls without a
glycemia) mainly determine insulinemia. It therefore appearschange in insulin sensitivity; first-degree relatives with IGT
that the capacity to secrete insulin becomes rate-limiting for thenave similarly diminished insulin secretion as IGT subjects
fasting and 120-minute plasma insulin. Our finding that insulinwithout a family history of type 2 diabetes; insulin sensitivity
sensitivity does not contribute to the plasma insulin level maywas lower in IGT subjects without a family history of diabetes
point to a disturbance in the adaptation-process of the beta-celthan in NGT subjects without a family history, while such a
to insulin (in)sensitivity in IGT, or may indicate that maximal difference in insulin sensitivity was not found in IGT subjects
adaptation/upregulation @-cell function is generally already with a positive family history of diabetes.
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