Glucose Disposal Rates Calculated From 60- to 90-Minute Isoglycemic
Hyperinsulinemic Glucose Clamp Correlate With Cardiovascular
Risk Factors in Borderline Hypertensive Young Men
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The hyperinsulinemic glucose clamp is generally performed for at least 120 minutes, due to assumptions of steady-state. We
were interested in relationships between glucose disposal rate (GDR) and cardiovascular risk factors, rather than a standard
measure of insulin sensitivity per se. Therefore, we analyzed 120-minute clamps performed on borderline hypertensive, but
otherwise healthy young men (n = 19). GDR was calculated at different time points and related to baseline cardiovascular risk
factors and responses to a mental stress test (MST). The 60-, 90-, and 120-minute GDR correlated significantly with serum
high-density lipoprotein (HDL) cholesterol (r = .59, r = .50, and r = .53, respectively), heart rate (HR) during MST (r = -.65, r =
-.64, and r = -.58, respectively) and plasma epinephrine (Epi) (r = -.55, r = -.58, and r = -.56, respectively) and norepinephrine
(NE) (r = -52, r = -.49, and r = -.48, respectively) 1 minute after announcement of the MST (all P < .05). Although not
statistically significant at all time points, similar relationships were observed between GDR and resting HR, systolic blood
pressure (BP) at rest and during mental stress, body mass index (BMI), serum total cholesterol (Chol), serum triglycerides
(TG), and blood hemoglobin (HgB), with remarkable consistency from about 40 to 50 minutes onwards. HDL cholesterol and
Epi remained independent in stepwise multiple regression analyses with the 60-, 90-, and 120-minute GDR as dependent
variables (all P < .05). We suggest that 60- to 90-minute glucose clamps may provide information about the relationship
between insulin sensitivity and various cardiovascular risk factors in borderline hypertensive young caucasian men.
Copyright © 2001 by W.B. Saunders Company

NSULIN RESISTANCE is related to high blood pressure study, we therefore extended the retrospective analysis of this

(BP)12 and may be involved in the etiology of non— group by including parameters that tended to correlate with the
insulin-dependent diabetes mellitus (NIDDM), hypertension,120-minute GDR (ie, our standard measure of insulin sensitiv-
disorders of lipoprotein metabolism, and atherosclerotic cardioity). As GDR can be calculated at any time point during clamp,
vascular diseas& The glucose clamp technicueis widely ~ we were interested to see whether a shorter clamp might have
used and provides the most accurate measure of insulin sengliven the same information about such relationships as the
tivity, the inverse of insulin resistance, in vi¥é.Using a  standard length clamp. The aim was therefore to explore the
modification of this techniquel® we have assessed insulin time aspect of relationships between GDR and BP, HR, and
sensitivity by calculating glucose disposal rate (GDR) duringPlasma catecholamine levels at rest and during mental stress, as
the last 20 minute8.11or 60 minute#? of a 120-minute clamp.  Well as serum lipids and blood hemoglobin (Hgb) in one series
When applying this method to various subsets of healthy youn@f 120-minute clamps (= 19).
men with high screening BP, we have previously found corre-
lations between insulin resistance and other cardiovascular risk
factors, including serum lipid levels and body mass indexSubjects
(BMI), as well as BP, heart rate (HR), and plasma catechol- We examined caucasian men recruited from the records based on
amine responses during mental stre&s.The rationale for  medical examination during the military draft procedure in the city of
studying young, borderline hypertensive men is that amongOsIo, where sitting BP, HR, body weight, and height were recorded.
these subjects, we expect a higher prevalence of cardiovasculdf® Population comprises all healthy 18- to 19-year-old men in the

. . . . . Oslo area (yearly approximately 3,500 to 4,000 men).
9
risk factors than in the general populati&ri® implying that We invited men with BP at o higher than 140/90 Hg on one

these SUbl,eCtS are alsq suitable for studies of I’elat'(mSh'P&:casion, ie, the military draft procedure in 1991, to attend a cardio-
between risk factors. Since the glucose clamp procedure i§ascyiar risk factor screening at Ullevaal Hospital. They were exam-
relatively time-consuming and demanding, we have been intermed with the isoglycemic hyperinsulinemic glucose clamp technigue in
ested in detecting an earlier cut-off point for assessing insulinl994. Despite borderline BP elevation at the military enlistment, all
sensitivity and its relation to other variables. Therefore, thesubjects were healthy and none used regular medication. There were 5
purpose of this study was to explore the relationship betweegmokers and 14 nonsmokers. All subjects fasted and refrained from
glucose disposal at early stages of the clamp and various Othéfnoking for the preceding 10 hours and abstained from alcohol for the

P - . receding 24 hours before the study. Mean age was 21.7 years (all aged
ﬁi??ﬁéeeriaa(;dati Z%Omlijnaurtee tg';'n;r;formatlon with that drawrgl to 22), body mass index (BMI) 24.4 kg?r(SD 3.2), fasting serum
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showed that in series of 120-minute glucose clamps performed _
by independent investigators on healthy, young men with high Erom_ the Departments of Cardiology and Nephrology, Ullevaal
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glucose 4.9 mmol/L (SD 0.5), fasting plasma insulin 121 pmol/L (SD __16
46), serum total cholesterol (Chol) 4.4 mmol/L (SD 0.7), serum high- -
density lipoprotein (HDL) cholesterol 1.0 mmol/L (SD 0.2), serum
triglycerides (TG) 1.3 mmol/L (SD 0.6), and blood Hgb 15.0 g/100mL
(SD 0.8). Mean systolic BP (SBP) was 135 (SD 17) and 151 mm Hg g
(SD 19) at rest and during mental stress, respectively, diastolic BPE 10 1
(DBP) 76 (SD 9) and 84 mm Hg (SD 11), HR 66 (SD 12) and 86
beats/min (SD 24), plasma epinephrine (Epi) 321 (SD 287) and 3855 8 1
pmol/L (SD 310), and plasma norepinephrine (NE) 1,023 (SD 342) and §
1,663 pmol/L (SD 719). The hemodynamic and sympathetic responsegy
to mental stress have previously been published. a
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We performed the isoglycemic hyperinsulinemic clamp as previ- i , : ; . . .
ously described:12-2°In short, an antecubital vein on the right arm was 0 10 20 30 40 50 60 70 80 90 100 110 120
cannulated and the forearm was placed in a heating sleeve set on 52°C,
and was used for sampling arterialized venous blood. An antecubital
vein on the left arm was cannulated for infusion of insulin and glucose. Fig 1. GDR for individual subjects calculated from the last 20
The fasting glucose level was determined 20 minutes after the heating,inutes with 5-minute intervals from 30 to 60 minutes, and with
sleeve was adapted, as the average of 3 bedside measurements. INSWYl§minute intervals from 60 to 120 minutes during glucose clamp.
was infused at a fixed rate of 1 mU/min/kg body weight (6 pmol/min/kg

body weight). Glucose infusion (240 mg/mL) was started after 5

minutes. Blood glucose level was determined every 5 minutes and wagere measured by the radioenzymatic technique of Peuler and John-
clamped at the subject's fasting level (isoglycemia) by adjustment ofsonz as previously described.BP and HR at baseline and during
the rate of glucose infusion according to the results. MST were measured oscillometrically with an Omega 1000 Adult/

Isoglycemia was maintained for 120 minutes, and GDR was calcu-pediatric Blood Pressure Recorder (INVIVO Research Laboratories,
lated from the amount of glucose infused during the last 20 minutes agy|sa, OK), previously evaluated in our laborat@?y.

(glucose concentration in infused solutioh mean glucose infusion
rate)/body weight. GDR thus corresponds tc® M, whole body glu- Statistical Analysis
cose uptake, without the correction for urinary glucose loss and space
correction. This technique for measuring insulin sensitivity has a day-1
to-day coefficient of variation (CV) of 5% in our laboratdti® We
then calculated GDR during 20-minute periods with 5-minute intervals
from 30 to 60 minutes, and with 10-minute intervals from 60 to 120
minutes of the clamp.

Time During Glucose Clamp (min)

The data were analysed using the statistical package SPSS version
0.0 for Windows (SPSS Inc, Chicago, IL). The GDRs at the chosen
time points were compared in a repeated-measures analysis, where
within-subjects contrasts were analyzed with the 120-minute GDR as
the reference category. Pearson correlation coefficiehtsgre calcu-
lated after testing for normality with the Kolmogorov-Smirnov test.

. . Spearman’s rank correlation coefficient) (was used for non-normally
Mental Arithmetic Stress Test distributed data. This was the case for HR 1 minute after announcement
We applied a standardized mental arithmetic stress test (MST) imof MST (HR-A) and during mental stress (HR-MST), and Epi at all

mediately at the end of the 120-minute glucose clamp examinationtimes. Ninety-five percent confidence intervals (Cl) fandr values

Glucose and insulin infusions were continued at constant rates duringvere calculated according to Altman and Garditdforward stepwise
MST. The subjects were asked to subtract the number 13, starting witfultiple regression analyses were performed with the 60-, 90-, and
the number 1,079, continuously for 5 minutes, while a metronome wasl20-minute GDR, respectively, as the dependent variable. Analyses
used for distraction, and they were informed about any miscalculationwere done with 3 sets of independent variables: all candidate variables,
They were not informed about the test until 2 minutes before it startedOnly those variables that correlated significantly with all 3 GDRs, and
Much of the increase in sympathetic nervous system (SNS) activitya selection of variables with a documented relation to insulin sensitiv-
occurs during these 2 minutes of anticipaﬁ’érBP and HR were ity. The probability for the F-value of .05 was used as the limit for entry
measured immediately before announcement of the test, 1 minute afténd .10 for removal of variables. The regression coefficieb)s (
announcement and after 3 to 4 minutes during the test. Plasma catgorrespondind® values, and adjustel are reportedP values of less
cholamine concentrations were measured during announcement of tHBan .05 were considered statistically significant.
test, 1 minute after announcement, at the beginning of the test, after 3
to 4 minutes during the test, and at the end of the test. The within-day RESULTS
CV for BP and HR responses during MST are 8% and 9.5%, respecRelations Between GDR at Different Time Points

tively, in our laboratory! .
In a repeated-measures analysis, all GDRs calculated from

30 through 80 minutes were significantly lower than the 120-
) . . _minute GDR, while the 90-, 100-, and 110-minute GDRs were
Fasting serum glucose and lipid concentrations were measured with . (P = .073,P = .235, andP = .288, respectively). The
a Cobas Integra (Roche, Basel, Switzerland). Hgb concentration Wa(%orrelation coéf‘ficients{r ’values) betweén the 60- and 120-

measured with a Technicon H2 (Swords Co, Dublin, Ireland). Blood . .
glucose concentration during clamp was measured with an Accutrencﬁnlnute GDR, and between the 90- and 120-minute GDR were

(Boehringer Mannheim, Mannheim, Germany). Insulin was measured?-87 € < .001) a_nd_Q'94 R < _'001)' respectively. When_
by radioimmunoassay using a specific antibody from Linco Researctfurves for GDR of individual subjects are plotted together (Fig
(St Louis, MO), with an intra-assay CV of less than 9% at all levels. 1), they stay in a fairly constant rank order during the second
Plasma catecholamine concentrations from arterialized venous bloohalf of the clamp.

Laboratory Methods
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Table 1. Correlation Coefficients Between GDR at Different Time Points and Cardiovascular Risk Factors

GDR 60 min GDR 90 min GDR 120 min
rorrs 95% CI P rorrs 95% ClI P rorrg 95% CI P
Baseline
Hgb —0.58 (—0.82--0.15) .012 -0.42 (—0.74-0.05) .080 -0.33 (—0.69-0.16) .180
BMI -0.47 (—0.76-—0.03) .040 -0.42 (—0.73-0.05) .076 —0.46 (—0.75-0.00) .049
Chol -0.35 (—0.70-0.12) 138 -0.37 (—0.70-0.11) 125 —0.48 (—0.77--0.03) .038
HDL cholesterol 0.59 (0.19-0.83) .007 0.50 (0.06-0.78) .029 0.53 (0.10-0.79) .020
TG -0.41 (—0.73-0.05) .081 -0.39 (—0.71-—0.08) .103 —0.46 (—0.76-—0.01) .046
SBP —0.49 (—0.77-—0.05) .033 —0.36 (—0.70-0.12) 134 -0.30 (—0.66-0.18) 122
HR -0.42 (—0.73-0.04) .073 -0.44 (—0.74-0.02) .062 -0.39 (—0.72-0.07) .095
Glucose clamp and mental stress
SBP-120 —0.55 (—0.80-—0.12) .015 -0.43 (—0.74-0.03) .065 —0.44 (—0.74-0.02) .062
SBP-A —0.58 (—0.82--0.16) .010 —0.50 (—0.78-0.06) .028 -0.41 (—0.73-0.05) .080
HR-A -0.40 (—0.72-0.07) .090 —0.55 (—0.80--0.12) .016 —0.55 (—0.80--0.13) .015
HR-MST —0.65 (—0.85-—0.28) .003 —0.64 (—0.85-—0.26) .003 —0.58 (—0.82--0.16) .010
Epi-D —0.46 (—0.76-0.01) .062 -0.49 (—0.78-0.03) .044 —0.52 (—0.79--0.07) .034
Epi-A —0.55 (-0.81--0.11) .019 —0.58 (—0.82--0.15) .012 —0.56 (—0.82--0.13) .010
NE-A —0.52 (—0.79--0.09) .027 -0.49 (—0.77--0.05) .038 —0.48 (—0.77--0.04) .042

NOTE. See Statistics section for definition of r and r,.

Abbreviations: GDR, glucose disposal rate; Hgb, blood hemoglobin; BMI, body mass index; Chol, serum total cholesterol; HDL cholesterol,
serum high-density lipoprotein cholesterol; TG, fasting serum triglycerides; SBP, systolic blood pressure; HR, heart rate; SBP-120, SBP after 120
minutes of clamp; SBP-A, SBP 1 minute after announcement of mental stress test (MST); HR-A, heart rate 1 minute after announcement of MST;
HR-MST, heart rate during MST; Epi-D, plasma epinephrine during announcement of MST; Epi-A, plasma epinephrine 1 minute after announce-
ment of MST; NA-A, plasma norepinephrine 1 minute after announcement of MST.

Correlations Between GDR at Different Time Points and Correlations Between GDR and BP and HR During
Baseline Cardiovascular Risk Factors Glucose Clamp and Mental Stress

GDR at 60 minutes correlated significantly with Hgb, BMI,  GDR at 60 minutes correlated significantly with SBP after
HDL cholesterol, and SBP. GDR at 90 minutes correlated120 minutes of clamp (SBP-120) and 1 minute after announce-
significantly with HDL cholesterol, and GDR at 120 minutes ment of MST (SBP-A), and with HR-MST. GDR at 90 minutes
correlated significantly with BMI, Chol, HDL cholesterol, and correlated significantly with SBP-A, HR-A, and HR-MST.
TG. There were nearly statistically significant correlations be-GDR at 120 minutes correlated significantly with HR-A and
tween HR at baseline and GDR at 60, 90, and 120 minutesHR-MST. The correlation coefficients between GDR at 60, 90,
respectively. The correlation coefficients between GDR at 60and 120 minutes and these variables are given in Table 1, and
90, and 120 minutes and these variables are given in Table Xhe relation of the values (not always statistically significant)
and the relation of the values (not always statistically signif- to time during clamp is shown in Fig 3.
icant) to time during clamp is shown in Fig 2.

Correlations Between GDR and Plasma Catecholamine
Levels During Mental Stress

! i | ' GDR at 60 minutes correlated significantly with Epi and NE
0.8 | | : 1 minute after announcement of MST (Epi-A and NE-A, re-
*3 0.6 Wé\g\g_e:w spectively), GDR at 90 minutes with Epi during announcement
_g 0.4 ] ! : of MST (Epi-D), Epi-A, and NE-A, and GDR at 120 minutes
£ ! ! ! with Epi-D, Epi-A, and NE-A. GDR did not correlate signifi-
g 021 =HDL ! : ! cantly with plasma catecholamines during the arithmetic test
2 0 . T ! itself. The correlation coefficients between GDR at 60, 90, and
-%-0,2- —#—Chol ' ' 120 minutes and these variables are given in Table 1, and the
B g4] TG relation of ther values (although not always statistically sig-
S ~o- BMI nificant) to time during clamp is shown in Fig 4.
©-061 - sBp .
-0.8] -e~Hgb E Regression Analyses
-1 T T }

0 1'0 2'0 3‘0 40 50 60 7'0 8'0 9’0 1(’)0 11'0 120 The 60-, 90-, and 120-minute GDR were entered as depen-

. g . dent variables in forward stepwise multiple regression analyses.

Time During Glucese Clamp (min) When all candidate independent variables were included, only
Fig 2. Correlation coefficients between GDR at different time EpI_A_ (b = __0'0_7_0’P = '030) and Hgbm =-1.622p = '043)
points and baseline cardiovascular risk factors. Markers indicate time remained Slgn'ﬂcam for the 60-minute GDFRZ(= 0-404)1
points for calculation of GDR and the correlation coefficients. while only SBP-A p = -0.131, R?® = 0.232, P = .034)
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Fig 3. Correlation coefficients between GDR at different time
points and BP and HR levels during clamp and MST. Markers indicate
time points for calculation of GDR and the correlation coefficients.
HR-A, indicates heart rate 1 minute after announcement of MST;
HR-MST, heart rate during MST; SBP-120, systolic blood pressure
after 120 minutes of glucose clamp (before announcement of MST);
SBP-A, systolic blood pressure 1 minute after announcement of MST.

remained significant for the 90-minute GDR, and SBP-120 (

= -0.172,R? = 0.228,P = .035) for the 120-minute GDR.
When HDL cholesterol, HR-MST, Epi-A, and NE-A (the

only significant correlates of GDR at all 3 chosen time points,

REIMS ET AL

that GDR from 60 minutes onward correlates rather strongly
with GDR at 120 minutes. Also, the difference between GDR
at 90 minutes and GDR at 120 minutes is not statistically
significant. Furthermore, in separate forward stepwise multiple
regression analyses with the 60-, 90-, and 120-minute GDR,
respectively, as the dependent variable, and the correlates sig-
nificant for all 3 time points as independent variables, the same
2 variables (HDL cholesterol and Epi-A) remained significant
in the final models. When 8 known correlates of insulin sensi-
tivity 2.11.12.15were entered, 2 of them (again HDL cholesterol
and Epi-A) remained independent variables for the 60-, 90-,
and 120-minute GDR, while BMI and Chol were significant in
just 1 and 2 of the models, respectively.

There was a significant negative correlation between Hgb
and the 60-minute GDR. We found this interesting, since we
have previously found a negative association between hemat-
ocrit and whole blood viscosity (WBV) and insulin sensitivity
in this populatiorf.15Thus, Hgb may, through its close relation
to hematocrit, be associated with GDR. However, we cannot
rule out that this is a chance finding, especially since the
correlations to the 90- and 120-minute GDR are nonsignificant.

The lack of consensus concerning the optimal length of the
glucose clamp is related to the difficulty of achieving steady-
state glucose uptake® While some investigators suggest that
the 120-minute clamp is sufficient for estimating insulin sen-
sitivity,27.28otherg? state that at least 180 minutes are required.
However, the kinetics of insulin action differ between groups.
The rate of onset of insulin action is reduced in obe%ity,

see Table 1) were entered, both HDL cholesterol and Epi-ANIDDM, 3! and hypertension associated with obesitata by

remained independent for the 60-minute GOR( 12.216,P
= .001 andb = -0.029,P = .002, respectivelyR® = 0.594),
the 90-minute GDRKH = 13.411,P = .003 andb = -0.036,P
=.002, respectivelyR* = 0.539), and the 120-minute GDR (
= 12.310,P = .005 andb = -0.028,P = .010, respectively,
R? = 0.463).

When BMI, HDL cholesterol, Chol, TG, SBP-A, HR-A,
Epi-A, and NE-A were entered, BMb(= -0.322,P = .028),

Doberne et &8 indicate that glucose utilisation, even in non-
obese subjects with normal glucose tolerance, continues to
increase progressively through 5 hours of hyperinsulinemia. On
the other hand, Olsen et3alrecently found that the glucose
infusion rate did not change between 2 hours and 3 hours of
insulin infusion in young, lean and healthy subjects.

HDL (b = 8.959,P = .008), and Epi-A § = -0.032,P < 1 . . .
.0005) remained independently associated with the 60-minute ¢ g- E E E
GDR (R® = 0.695). Chol § = -1.772,P = .037), HDL  , o] ! ; :
cholesterol if = 9.248,P = 0.031), and Epi-Al§f = -0.042,P ‘g’ ' ' ! '
< .0005) remained independent with the 90-minute GDR as theg 04 ! ! '
dependent variableRf = 0.642). Similarly, with the 120- 5 0.2 ! ; H
minute GDR as the dependent variable, Cho=(-2.042,P = 3 0 . .
010), HDL cholesteroli{ = 7.513,P = .045), and Epi-A = § ] ! i i
-0.035,P = .001) remained the only independent variables &8~ | & Epi-D | | :
(R? = 0.650). E04Y 4 Epia | ' '
S-067 :
DISCUSSION o8] ¢ NEA E !
We found that cardiovascular risk factors, including BP and ) . , X
serum lipids, correlate with GDR calculated at 60, 90, and 120 0 10 20 30 40 50 60 70 80 90 100 110 120

minutes of hyperinsulinemic glucose clamping. Although not
statistically significant at all time points, the correlation coef-

Time During Glucose Clamp (min)

ficients between GDR and the other cardiovascular risk factors Fig 4. Correlation coefficients between GDR at different time
showed remarkable consistency from about 40 to 50 minutegoints and plasma catecholamine levels during MST. Markers

onwards. As we have previously sho#hthis was also the

case for correlation coefficients between GDR at different time

indicate time points for calculation of GDR and the correlation
coefficients. NE-A, indicates plasma norepinephrine 1 minute after
announcement of MST; Epi-D, plasma epinephrine during an-

points and fasting plasr_na inSU|iﬂ, which ShO\_NEd a similaryouncement of MST; Epi-A, plasma epinephrine 1 minute after an-
pattern when plotted against time. The explanation seems to b&ouncement of MST.
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The subjects in the present study had borderline hypertensioa main challenge when performing the glucose clamp is to
but were otherwise healthy and, with the exception of 2 sub-maintain isoglycemia by adjusting the glucose infusion rate
jects, relatively lean (BMK 30 kg/nt). We propose that, in  according to blood glucose levels. Therefore, shorter clamps
this type of subject, GDR calculated from 20-minute periodsrequire more caution when adjusting glucose infusion, and
from 60 minutes onwards during the glucose clamp may begood validation, as investigators then have less time to correct
useful when studying the relationship between insulin sensitivfor over- or underestimations.
ity and other cardiovascular risk factors. In this context, pos- Although not the primary objective of this study, we per-
sibly with the exception of values between GDR and Chol and formed regression analyses in addition to correlation analyses.
TG, the last 30 minutes of the 120-minute clamp added limitedThe results should be interpreted with caution, because of the
information to that obtained after 60 or 90 minutes. As we havesmall sample size and the relatively large number of candidate
not done this type of analysis on other populations (eg, elderlyindependent variables, among which many are strongly inter-
subjects or subjects with established hypertension and/orelated. In search for an easy way to predict insulin sensitivity,
NIDDM) our statement is limited to this one. an interesting object for future studies might be to explore the

A shorter version of the glucose clamp may have severapossibility of deriving an algorithm using readily measured
advantages when compared to standard length clamps. Subjegiarameters such as BP, HR, lipid profiles, BMI and other
may with time experience increasing discomfort from the pro-anthropometrical parameters, and fasting plasma insulin. This
cedure per se, leading to activation of the NS Sympa-  is beyond the scope of this analysis, as the material is small and
thetic activation has been shown to induce acute insulin resiseur aim is a simplified version of the hyperinsulinemic glucose
tance in the forearr??-37and one may speculate that this could clamp (ie, 60 to 90 minutes of steady, weight-adjusted insulin
influence glucose clamp results in individuals with high SNSinfusion and without tritiated glucose) for research purposes.
reactivity. Also, as discussed by Olsen e4athe effect of In conclusion, these data suggest that 60- to 90-minute
insulin within the first hour of infusion is more relevant from a hyperinsulinemic glucose clamps may provide the same infor-
physiological point of view than the maximal effect after sev- mation as 120-minute clamps regarding relationships between
eral hours of infusion. Further, a short clamp procedure may bénsulin sensitivity and various cardiovascular risk factors in
more time-effective while also improving the willingness young borderline hypertensive but otherwise healthy caucasian
among subjects to take part in such studies. On the other handjen.

REFERENCES

1. Ferrannini E, Buzzigoli G, Bonadonna R, et al: Insulin resistanceinsulin sensitivity and maximal forearm blood flow in young men.
in essential hypertension. N Engl J Med 317:350-357, 1987 Hypertension 32:838-843, 1998

2. Pollare T, Lithell H, Berne C: Insulin resistance is a characteristic 13. Moan A, Eide IK, Kjeldsen SE: Metabolic and adrenergic char-
feature of primary hypertension independent of obesity. Metabolismacteristics of young men with insulin resistance. Blood Pressure 5:30-

39:167-174, 1990 37, 1996 (suppl 1)
3. Reaven GM: Role of insulin resistance in human disease. Diabe- 14. Fossum E, Hgieggen A, Moan A, et al: Insulin sensitivity is
tes 37:1595-1607, 1988 related to physical fitness and exercise blood pressure to structural

4. DeFronzo RA: Insulin resistance: The metabolic link between Vascular changes in young men. Hypertension 33:781-786, 1999
non-insulin-dependent diabetes mellitus, obesity, hypertension, disor- 15 Heieggen A, Fossum E, Moan A, et al: Whole-blood viscosity
ders of lipoprotein metabolism, and atherosclerotic cardiovascular dis@nd the insulin-resistance syndrome. J Hypertens 16:203-210, 1998
ease. Curr Opin Cardiol 5:586-593, 1990 16. Julius S, Jamerson K, Mejia A, et al: The association of border-

5. Andres R, Swerdloff R, Pozefsky T, et al: Manual feedback line hypertension with target organ changes and higher coronary risk.
technique for the control of blood glucose concentration, in Skeggs LTThe Tecumseh Blood Pressure Study. JAMA 264:354-358, 1990

Jr (ed): Automation in Analytical Chemistry. New York, NY, Mediad, 1. Jull_us S Krause L, Schor_k NJ, et al: Hyperkinetic borderline
1966, pp 486-491 hypertension in Tecumseh, Michigan. J Hypertens 9:77-84, 1991

18. Rostrup M, Smith G, Bjgrnstad H, et al: Left ventricular mass
and cardiovascular reactivity in young men. Hypertension 23:1168-
1171, 1994 (suppl 7)

19. Rostrup M, Westheim A, Kjeldsen SE, et al: Cardiovascular
reactivity, coronary risk factors, and sympathetic activity in young
. . . men. Hypertension 22:891-899, 1993
8. Scheen AJ, Paquot N, Castillo MJ, et al: How to measure insulin 55 paims H, Hoieggen A, Fossum E, et al: Assessment of insulin

action in vivo. Diabetes Metab Rev 10:151-188, 1994 sensitivity by 90 min isoglycaemic hyperinsulinaemic glucose clamp in
9. Moan A, Nordby G, Os I, et al: Relationship between hemor- healthy young men. Blood Pressure 9:121-125, 2000

rheologic factors and insulin sensitivity in healthy young men. Metab- o1 Hgieggen A, Fossum E, Moan A, et al: Effects of hyperinsulin-

olism 43:423-427, 1994 emia on sympathetic responses to mental stress. Am J Hypertens
10. Fossum E, Hgieggen A, Moan A, et al: Insulin sensitivity relates 13:21-28, 2000

to other cardiovascular risk factors in young men: Validation of some 22, Rostrup M, Westheim A, Kjeldsen SE, et al: Cardiovascular
modifications of the hyperinsulinaemic, isoglycaemic glucose clampreactivity, coronary risk factors, and sympathetic activity in young
technique. Blood Pressure 6:113-119, 1997 (suppl 2) men. Hypertension 22:891-899, 1993

11. Moan A, Nordby G, Rostrup M, et al: Insulin sensitivity, sym- 23, Peuler JD, Johnson GA. Simultaneous single isotope radioen-
pathetic activity and cardiovascular reactivity in young men. Am J zymatic assay of plasma norepinephrine, epinephrine and dopamine.
Hypertens 8:268-275, 1995 Life Sci 21:625-636, 1977

12. Fossum E, Hgieggen A, Moan A, et al: Relationship between 24. Kjeldsen SE, Flaaten B, Eide |, et al: Evidence of increased

6. DeFronzo RA, Tobin JD, Andres R: Glucose clamp technique: A
method for quantifying insulin secretion and resistance. Am J Physiol
237:E214-E223, 1979

7. Bergman RN, Finegood DT, Ader M: Assessment of insulin
sensitivity in vivo. Endocrine Rev 6:45-86, 1985



1180 REIMS ET AL

peripheral catecholamine release in patients with long-standing, uneefect in insulin action in obesity and NIDDM. Diabetes 46:994-1000,

treated essential hypertension. Scand J Clin Lab Invest 42:217-223,997

1982 32. Biolo G, Toigo G, Ciocchi B, et al: Slower activation of insulin
25. Rostrup M, Kjeldsen SE, Eide I: Awareness of hypertensionaction in hypertension associated with obesity. J Hypertens 16:1783-

increases blood pressure and sympathetic responses to cold pressor tdst88, 1998
Am J Hypertens 3:912-917, 1990 33. Doberne L, Greenfield MS, Schulz B, et al: Enhanced glucose

26. Altman DG, Gardner MJ: Calculating confidence intervals for utilization during prolonged glucose clamp studies. Diabetes 30:829-

regression and correlation. Br Med J 296:1238-1242, 1988 835, 1981 )
27. Ferranini E, Mari A: How to measure insulin sensitivity. J Hy- 34. Olsen MH, Andresen UB, Wachtell K, et al: Influence of non-

pertens 16:895-906, 1998 steady state during isoglycaemic hyperinsulinaemic clamp in hyperten-

28. Groop LC, Wide E, Ferrannini E: Insulin resistance and insulin sion. Blood Pressur.e 8:207-213, 1999 )
defici in th th is of 2 insulin-d dent) di 35. Moan A, Hgieggen A, Nordby G, et al: The glucose clamp
eficiency in the pathogenesis of type 2 (non-insulin-dependent) Ial_procedure activates the sympathetic nervous system even in the ab-

bgtes mellitus: Errors of metabolism or errors of methods? Dlabetolo-Sence of hyperinsulinemia. J Clin Endocrinol Metab 80:3151-3154,
gia 36:1326-1331, 1993

1995

29. Bergman RN, Hope ID, Yang YJ, et al: Assessment of insulin - 36 jamerson KA, Julius S, Gudbrandsson T, et al: Reflex sympa-
sensitivity in vivo: A critical review. Diabetes Metab Rev 5:411-429, tnetic activation induces acute insulin resistance in the human forearm.
1989 Hypertension 21:618-623, 1993

30. Prager R, Wallace P, Olefsky JM: In vivo kinetics of insulin 37, Jamerson KA, Smith SD, Amerena JV, et al: Vasoconstriction
action on peripheral glucose disposal and hepatic glucose output ifvith norepinephrine causes less forearm insulin resistance than a reflex
normal and obese subjects. J Clin Invest 78:472-481, 1986 sympathetic vasoconstriction. Hypertension 23(part 2):1006-1011,

31. Nolan JJ, Ludvik B, Baloga J, et al: Mechanisms of the kinetic 1994



