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Dexamethasone Treatment and Plasma Glucose
Levels: Relevance for Fluorine-18-Fluorodeoxyglucose
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Dexamethasone (DEX) is frequently used in brain tumor manage
ment. This study investigated the effect of DEX treatment and
plasma glucose levels on 18F-fluorodeoxyglucose (FDG) uptake in

patients with malignant gliomas (16 glioblastoma, 3 anaplastic
astrocytoma). Methods: Fifteen DEX-treated patients (mean relative
dose 0.23 Â±0.15 mg~1â€¢kg"1 â€¢day"1, range 0.07-0.53), four patients

not treated with DEX and nine healthy subjects were studied using
PET and FDG. PET data obtained from tumors and the contralateral
cortex were fitted to a standard two-tissue compartment model.
The FDG transport and phosphorylation rates, distribution volume
(DV), steady-state accumulation (Ki), deoxyglucose metabolism (R),
plasma volume as well as standardized uptake values (SUVs) and
tumor-to-brain ratios were determined. In addition, the tumor size
was estimated from the maximal area of contrast-enhancing tumor
on computed cranial tomography (CCI) scans or MRI. Results:
FDG uptake was depressed in the contralateral cortex of patients
and was related to tumor size. With increasing relative DEX dose, a
decrease in the DV of tumors (linear regression p = 0.021) and in the
DV (p = 0.109) and plasma volume (p = 0.010) of contralateral
cortex was found. R, Ki and SUVs in tumors and contralateral cortex
were not related to the relative DEX dose. With increasing plasma
glucose levels, differential decreases in Ki and SUVs in tumors (p =
0.057 and p = 0.733, respectively) and contralateral cortex (p =
0.001 and p = 0.029, respectively) were observed. Conclusion: The
data suggest that DEX affects FDG uptake in malignant gliomas
through interaction with cerebral blood vessels and extracellular
space, whereas FDG metabolism in tumors is not influenced sub
stantially. This is of practical importance for patients having serial
brain tumor imaging for treatment evaluation because patients may
receive different DEX doses at different time points in the course of
their disease. By contrast, the plasma glucose level must be con
sidered a confounding variable when SUVs, tumor-to-brain ratios or
Ki are used for treatment evaluation.

Key Words: malignant glioma; dexamethasone; plasma glucose;
PET; fluorine-18-fluorodeoxyglucose
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.LJexamethasone (DEX) is widely used in treating brain tumors
(/ ). Most patients with malignant brain tumors receive DEX for
treatment of brain edema. It also is administered to prevent
brain swelling during brain tumor irradiation. In addition,
because DEX sensitivity has been observed in primary central
nervous system lymphomas, it is recommended as part of the
cytolytic drug regimen in these tumors (2).

The cytolytic effects of DEX are considered to be mediated
by glucocorticoid receptors (OCRs) [for a review, see Norgaard
and Poulsen (3)]. In gliomas, studies evaluating the presence of
GCRs have produced controversial results. Surgical specimens
of human glioma patients have revealed values ranging from
0% (4) to 100% (5) OCR-positive tumor cells. Conflicting data
also were reported concerning the effect of DEX treatment,
which could induce both growth inhibition (6,7) and growth
stimulation (8,9) of glioma cell lines. Moreover, in rats bearing
intracerebral 9L gliomas, DEX increased the number of tumor
blood vessels exhibiting glucose transporter (10) and changed
the phenotype of malignant tumor cells toward a higher degree
of differentiation (7). It is not clear how these experimental
findings relate to the situation of DEX-treated human brain
tumor patients in situ. In this study, we used PET to investigate
the influence of DEX on 18F-fluorodeoxyglucose (FDG) uptake

in malignant brain tumors and the cerebral cortex contralateral
to the tumor. FDG PET has been used previously to assess brain
tumor malignancy (11), therapy response (12) and dedifferen-
tiation (13). Because DEX treatment may induce hyperglyce-
mia, which in turn may influence FDG uptake in glioma
patients (14), we also assessed the relationship between plasma
glucose levels and FDG uptake parameters.

MATERIALS AND METHODS
FDG PET data from 19 patients with histologically proven

supratentorial malignant gliomas were analyzed retrospectively.
Fifteen patients (aged 53 Â±12 yr, mean Â±s.d.) were DEX treated:
12 glioblastomas (GBMs) World Health Organization (WHO) IV
and 3 anaplastic astrocytomas WHO III; n = 11 at first presenta
tion and n = 4 at the time of recurrence after combined radioche-

motherapy. DEX was administered orally to all patients. The mean
daily DEX dose was 16 Â±10 mg (range 4-32 mg/day); the dose
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at the time of the PET investigation had been stable for at least 4
days preceding the study. The daily dose was normalized for body
weight, yielding a relative daily DEX dose of 0.23 Â± 0.15
mg~' -kg~' -day"1 (range 0.07-0.53). Four GBM patients (aged

58 Â± 18 yr and not statistically different from DEX-treated
patients) did not receive DEX because of stable disease after
combined radiochemotherapy, which was clinically and neurora-
diologically documented at the time of the PET investigations. The
daily dose of anticonvulsants in both groups was not statistically
different (carbamazepin: DEX treated 254 Â±357 mg, not DEX
treated 225 Â±250 mg; phenytoin: DEX treated 197 Â±159 mg, not
DEX treated 250 Â±354 mg). Nine healthy individuals (6 men, 3
women; aged 48 Â± 12 yr) served as controls. Permission to
perform PET studies in patients and controls was given by the
ethics committees at the university hospitals of Basel and ZÃ¼rich.

Scanning Procedure
Patients were positioned parallel to the orbitomeatal line with

the tumor (as shown on CCT scans or MRI) in the center of the
field of view. The head was placed in an individually molded
thermoplastic head support to minimize movement during
scanning. After a 10-min transmission scan (68Ga/68Ge ring

source), dynamic PET scans were performed on a CTI machine
(933/04-16, four rings, seven planes, 8-mm FWHM) immedi
ately after an intravenous injection of 140-298 MBq FDG. A
time frame schedule of 3 x 60, 10 X 180 and 3 x 300 sec was
used, resulting in a total scan duration of 48 min. Nineteen
blood samples were manually drawn from an indwelling cath
eter placed in the radial artery. In addition, five arterial blood
samples were drawn immediately before and during the PET
studies to determine plasma glucose levels.

Data Analysis
Elliptical regions of interest (ROIs) were placed over the whole

tumor, with the ROÃ•size and position being determined by visual
comparison with the corresponding contrast-enhanced CCT scan or
MRI. On the brain side contralateral to the tumor, elliptical ROIs
were placed over the cortex opposite to the tumor. ROI time-
activity curves and plasma input data were fitted to a standard
two-tissue compartment model using a nonlinear least squares
algorithm (15). This procedure results in an estimate of rate
constants (k), where Kl [ml/g/min] denotes tracer influx from
plasma into the tissue precursor compartment, k2 denotes [1/min]
tracer efflux from the precursor compartment back to the plasma,
and k3 [1/min] denotes tracer "trapping" in an irreversible

compartment. In the case of FDG, k3 reflects the phosphorylation
rate of FDG by hexokinase. From these rate constants, the
distribution volume (DV) of free FDG in tissue (Kl/k2 [ml/g])
and the steady-state accumulation (Ki; Kl*k3/(k2 + k3)
[ml"1 â€¢g ' â€¢min ' ] (76)) of FDG input was calculated. The

steady-state condition (in which the plasma FDG input and
tissue FDG accumulation are in equilibrium) is considered to be
present 40-60 min after FDG injection. By calculating cerebral
glucose metabolism (CMRg,u) with the two-tissue compartment
model at various time points from dynamic PET studies, which
were acquired over 120 min, Lucignani et al. (17) showed that
CMRgk, became constant 30 min after injection. More than 60
min after injection, dephosphorylation of FDG-6-phosphate (k4)
may increasingly contribute to the loss of tissue radioactivity.

From Ki, CMRg,u of normal brain can be derived easily using the
plasma glucose concentration and a fixed lumped constant value
(18). In individual tumors, the lumped constant may vary consid
erably and is not known (19). In this study, we used deoxyglucose
metabolism (R) of tumors and contralateral brain, which was
calculated as Ki* plasma glucose concentration. The regional

plasma volume (%) also was estimated in the fit of the dynamic

PET data. The error associated with the fitting procedure was
expressed for each parameter as the coefficient of variation (CV) in
percent [s.d. divided by the fitted value (%CV)].

For tumor and contralateral brain, standardized uptake values
(SUVs) also were calculated using the last time frame of the
time-activity curves (48 min after tracer injection) as ROI activity
concentration over injected dose per gram body weight (becquerels
per milliliter per becquerels per gram). In addition, the SUV ratios
of tumor over contralateral cortex were calculated.

We also estimated the tumor size, which was assumed to
correspond to the tumor area calculated from the axial plane
(computed crania tomography (CCT) scan or MRI, available as
films) showing the greatest contrast-enhancing tumor diameter.
From that plane, the largest diameter of the contrast-enhancing
tumor was determined (x). Vertical to that line, a second diameter
was determined (y). The tumor size was then calculated as the
elliptical area in the following equation:

x y77* - * - (mm-).

Statistical Analysis
Group-to-group differences were tested using the Mann-Whit

ney test. A possible correlation between FDG uptake parameters
and the relative DEX dose, plasma glucose levels or tumor size was
tested using Spearman's rank correlation coefficient.

RESULTS
All tumors were visible on the PET images as lesions with at

least somewhat higher FDG accumulation in tumors than in the
corresponding brain contralateral to the tumors. The estimated
parameters for FDG accumulation in tumors and the contralat-
eral cortex and for cortex of normal subjects are shown in Table
1. Mean errors associated with parameter estimation (%CV)
were higher in tumors than in the contralateral cortex and may
reflect the greater heterogeneity of tumor tissue (see the note to
Table 1).

FDG accumulation in the contralateral cortex of tumor
patients was compared with that in the comparable cortex of
healthy control individuals (Table 1). Metabolism (R) and the
steady-rate accumulation (Ki) of FDG were significantly lower
in cortex of tumor patients than in healthy control subjects (R
and Ki: p < 0.001). SUV values also were lower in the cortex
of tumor patients, but this difference did not reach statistical
significance. KI and K3 values were marginally lower in the
cortex of tumor patients than in healthy control subjects.

FDG accumulation parameters (R, Ki, SUV and tumor-to-
contralateral cortex ratio) in tumors and the contralateral cortex
were compared with tumor size. In tumors, no correlation
between tumor size and any of these parameters was found. In
the contralateral cortex, increasing tumor size was associated
with decreasing R (Fig. 1).

FDG accumulation also was compared in DEX-treated and
nontreated patients (Table 1). Significantly lower R values were
found in the contralateral cortex of DEX-treated patients than in
nontreated patients (p = 0.036). SUV and Ki values in the
contralateral cortex also were lower in DEX-treated patients,
but this difference did not reach statistical significance (SUV
p = 0.162, Ki p = 0.267) because of the large variation in SUV
and Ki values. In tumors, the mean values of R, Ki and SUV
were virtually the same in both DEX-treated and nontreated
patients. KI and k3 were similar in DEX-treated and nontreated
patients for tumors and the contralateral cortex. On average, k2
was higher in tumors and the contralateral cortex for DEX-
treated patients (contralateral cortex p = 0.064). Accordingly,
the DV was lower in DEX-treated patients (the difference for
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TABLE 1
FDG Uptake in Tumors and Contralateral Cortex in Patients and Uptake in Control Subjects

Tumor Contralateral cortex Healthy controls

ParametersK1

ml/g/mink2
liter/mink3
liter/minDVml/gKi

ml/g/minR
/nmol/g/minvp%SUV

Bq/ml perBq/gT/C
ratioDEX+

(n =15)0.074

Â±0.0220.133
Â±0.0590.061
Â±0.0270.601
Â±0.1800.023
Â±0.0070.152
Â±0.0506.3
Â±3.84.9

Â±1.51.23
Â±0.30DEX-(n

=4)0.078

Â±0.0150.1
14Â±0.0360.058

Â±0.0210.732
Â±0.2460.026

Â±0.0110.154
Â±0.0285.0
Â±1.95.1

Â±1.80.98
Â±0.17DEX+(n

=15)0.072

Â±0.0210.126
Â±0.048*0.044

Â±0.0110.613
Â±0.197T0.01

9Â±0.0050.125
Â±0.026*4.3

Â±1.2*4.0

Â±0.9DEX-(n

=4)0.069

Â±0.0170.089
Â±0.0200.053
Â±0.0090.795
Â±0.1810.026
Â±0.0090.156
Â±0.0205.4
Â±0.65.2
Â±1.8DEX-(n

=9)0.083

Â±0.0110.125
Â±0.0490.088
Â±0.0270.753
Â±0.2030.034
Â±0.004'0.199

Â±0.011114.7

Â±0.65.9
Â±1.5

Significance levels for differences in FDG uptake parameters between contralateral cortex of DEX+ vs. DEX- patients (Mann Whitney).
*p = 0.064.

Tp = 0.057.
*p = 0.036.
Â§p= 0.083.

Significance levels for differences between contralateral cortex in all 19 glioma patients and cortex in healthy subjects.
^ = 0.001.
FDG uptake parameters in DEX-treated (DEX+) and non-treated (DEX-) patients with malignant brain tumors and in normal healthy controls. K1, k2, k3

= rate constants; DV = distribution volume (K1/k2); Ki = steady-state accumulation of FDG; R = deoxyglucose metabolism; Vp = plasma volume; SUV =
standardized uptake value; T/C ratio = tumor-to-contralateral cortex ratio. Values are given as mean Â±1s.d. Mean errors associated with parameter
estimation in tumors (TU) and contralateral cortex (CL): K1 = 11% Â±5% (TU), 6% Â±4% (CL); k2 = 19% Â±9% (TU), 13% Â±5% (CL); k3 = 14% Â±12%
(TU), 9% Â±4% (CL); Vp = 23% Â±19% (TU), 19% Â±15% (CL).

contralateral cortex: p = 0.057). The plasma volume in the

contralateral cortex (but not in tumors) also tended to be lower
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FIGURE 1. Relationshipbetween tumor size and FDG accumulation (R, SUV)
in the cortex contralateral to the tumor side. (A) R: p = -0.439, p = 0.063;
linear regression: r = 0.151-6.5*10"6 "tumor size, regression coefficient r =

-0.505, p = 0.028. (B) SUV: p = -0.438, p = 0.063; linear regression:
SUV = 5.06-2.4*10 4 * tumor size, r = -0.448, p = 0.055.

in DEX-treated patients (p = 0.083). SUVs were correlated
with Ki in tumors and the contralateral cortex (p = 0.674, p <
0.001 ); SUVs also correlated with R (p = 0.619, p < 0.001 ) and
DV (p = 0.451, p = 0.005).

The tumor size was, on average, higher in DEX-treated
(841 Â±549 mm2) than in nontreated patients (376 Â±186 mm2).

The dose of DEX (milligrams per day) was not correlated with
any of the FDG uptake parameters, but the relative dose of DEX
(normalized to body weight [milligram per kilogram per day])
did correlate with tumor DV (Fig. 2A). A similar trend was
observed for the contralateral cortex (Fig. 2B). Neither R nor Ki
of FDG in tumors and the contralateral cortex was related to the
relative DEX dose (R: tumor, p = -0.013, p = 0.959;
contralateral cortex, p = -0.320, p = 0.244; Ki: tumor, p =
-0.027, p = 0.913; contralateral cortex, p = -0.336, p =

0.159). The plasma volume in the contralateral cortex (but not
in tumors) decreased with increasing relative DEX doses (p =
-0.575, p = 0.010). SUVs in tumors or the contralateral cortex

were not correlated with the relative DEX dose.
Plasma glucose levels (expressed as the average value of five

samples) were 6.7 Â±1.3 mmol/liter (range 5.1-9.4) in DEX-
treated patients and 6.2 Â± 1.3 mmol/liter (range 4.4-7.4) in

nontreated patients. No correlation between the relative DEX
dose and plasma glucose levels (p = -0.059, p = 0.726) was

found. Not surprisingly, an inverse correlation between tumor
Ki of FDG and plasma glucose levels was observed (Fig. 3A).
In the contralateral cortex, this correlation was more evident
(Fig. 3B). As expected, metabolism (R) and plasma glucose
were not correlated in tumors (p = 0.214, p = 0.378) or the
contralateral cortex (p = -0.167, p = 0.494). Tumor SUVs

were not correlated with plasma glucose (Fig. 4A), whereas
contralateral cortex SUVs decreased with increasing plasma
glucose levels (Fig. 4B). In the contralateral cortex, further
correlations between FDG uptake parameters and plasma glu
cose levels were found for KI (p = -0.459, p = 0.048), k3
(p= -0.532, p = 0.019) and the DV(p= -0.523, p = 0.021).
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FIGURE 2. Relationship between relative DEX dose and distributionvolume
of free FDG in tissue (K1/k2). (A) Tumors: p = -0.525, p = 0.021; K1/K2 =
0.745-0.636 * relative DEX dose, r = -0.525, p = 0.021. (B) Contralateral
cortex: p = -0.379, p = 0.109; K1/K2 = 0.739-0.476 * relative DEX dose, r =
-0.379, p = 0.109).

DISCUSSION
Our results define the kinetics of FDG accumulation in

patients with malignant brain tumors relative to DEX treatment.
As has been reported earlier (20,21), we found that FDG
metabolism (R) and steady state accumulation (Ki) in the cortex
contralateral to the tumors of patients was significantly lower
than that of the comparable cortex in healthy, normal individ
uals. We extend this observation by defining a relationship
between metabolism in the contralateral cortex and tumor size
(Fig. 1). Taking the weak correlation between DEX dose and
contralateral glucose metabolism into account, our results
suggest that reductions in contralateral glucose metabolism are
dominated by tumor size and that DEX treatment addsâ€”at
bestâ€”only little to this reduction. Surprisingly, no tumor
differences were observed between DEX-treated and nontreated
patients in any of the FDG model parameters (R, Ki, SUV, DV,
KI, k2, k3 and plasma volume), and there was no correlation in
tumors between R, Ki or SUV values and the relative DEX
dose.

A recent FDG PET study showed lower glucose metabolism
in the contralateral brain of DEX-treated patients (22 ). Among
the DEX-treated group, 14 of 16 patients suffered from malig
nant gliomas, whereas in the nontreated group, only 12 of 29
were malignant gliomas. Because malignant brain tumors them
selves may suppress energy metabolism of the contralateral
brain (20,21), the overrepresentation of these tumors in the

KI vs. plasma glucose In tumors
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FIGURE 3. Relationship between plasma glucose levels and steady-state
accumulation of FDG (Ki). (A) Tumors: p = -0.443, p = 0.057; Ki =
0.041-0.027 * plasma glucose, r = -0.443, p = 0.057. (B) Contralateral
cortex: p = -0.713, p = 0.001; Ki = 0.044-0.035 * plasma glucose, r =
-0.713, p < 0.001.

DEX treatment group may have contributed to the lower
glucose metabolism measured in this group. In our series, only
malignant brain tumors were studied. R, Ki and SUV values
were lower in the contralateral cortex of DEX-treated patients,
but only the differences in R were significant. As suggested
earlier, we attribute these reductions to the tumor size itself.
Consistent with this interpretation, DEX treatment was found
not to have any effect on oxygen use, an alternative measure of
energy metabolism, which has been measured with PET and
15O2 in brain tumors and the contralateral brain immediately

before and after administration of DEX (23). Note that the
previously mentioned FDG PET studies (20-22 ) and our study
were based on interindividual comparisons. FDG PET studies
before and after initiation of DEX treatment in the same patient
would be helpful in establishing whether DEX affects the
glucose metabolism of tumors and brain tissue. However, these
studies would be difficult to perform because the accepted
clinical practice is to administer corticosteroids to patients
suspected of having a high-grade brain tumor. Early corticoste-
roid treatment may effectively exclude the availability of
patients to study the effects of DEX on tumor and brain glucose
metabolism.

Our results did demonstrate an inverse relationship between
the physiological DV (Kl/k2) of FDG and DEX treatment
(expressed as the relative daily DEX dose) in malignant brain
tumors and the contralateral cortex. The plasma volume also
was found to decrease with increasing relative DEX doses in the
cortex contralateral to the tumor site. A possible explanation for
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FIGURE 4. Relationship between plasma glucose levels and SUVs. (A)
Tumors: p = -0.081, p = 0.733; SUV = 5.8-0.128 * plasma glucose, r =
-0.113, p = 0.645. (B) Contralateral cortex: p = -0.449, p = 0.029; SUV =
6.8-0.388 * plasma glucose, r = -0.436, p = 0.062.

the observed effects of DEX on the physiological DV are its
interactions with the vasculature and with the extracellular
space. One PET study (using H2I5O and C15O) demonstrated

blood flow and blood volume reductions in brain tumors and the
contralateral cortex after DEX administration (16-20 mg daily)

(23 ). This was attributed to vasoconstriction, which could result
from the inhibition of prostacyclin release from endothelial
cells caused by DEX treatment (24). In addition, the DEX
effect on the tumor DV could relate to a steroid-induced
reduction in the size of extracellular space (25,26). A smaller
extracellular space would result in a lower DV for FDG. This is
reflected in the rate constants, in which the average k2 was
higher in our DEX-treated patients, giving rise to an average
lower DV in those patients.

Studies in animals (27) and healthy humans (28) have
demonstrated a close correlation between glucose supply and
metabolic demands. In addition, because of the competition
between unlabeled glucose and FDG at the blood-brain barrier
glucose transporter and the hexokinase enzyme, an inverse
relation between the plasma glucose concentration and the rate
constants Kl and k3 can be expected. Our data clearly show this
for the contralateral cortex but not for tumors. Similar findings
have been reported by Herholz et al. (29), who also found an
uncoupling between FDG transport and phosphorylation in
tumors. Our results are consistent with these data, suggesting
that significant interindividual variations of tumor Kl and k3
may abolish the inverse relationship between competing plasma
glucose and FDG rate constants, which is observed in the
normal brain.

In clinical practice, where arterial blood samples are fre
quently not available, brain tumor imaging with FDG and PET

is commonly assessed by calculating SUVs from tissue radio
activity concentrations, administered FDG dose and body
weight (30). Alternatively, simple ratios are calculated from
radioactivity concentrations in tumors over that in some defined
brain region (e.g., contralateral cortex or white matter). Because
these measures are usually obtained from later imaging time
points (approximately 40 60 min after tracer injection), SUVs
and tumor-to-brain concentration ratios are considered to reflect
steady state values for FDG. This is supported by the correlation
between SUVs and Ki values in tumors and the contralateral
cortex (see the Results section). However, intergroup compar
ison studies based on differences between mean SUVs or
tumor-to-brain ratios are likely to be compromised by high
intragroup variability. This was found to be true for the data
presented in Table 1. The variability (s.d.) of SUVs for the
cortex of healthy control individuals was 26% of the mean
value, whereas the variability was only 7% for comparable R
(Table 1). In addition, the influence of plasma glucose levels on
tumor SUVs is usually not considered when comparing sequen
tial studies in individual patients (e.g., measurements pre- and
posttreatment). Differences in plasma glucose concentrations
during sequential FDG studies in the same patient could result
in differences in SUVs and Ki values (14,29) as well as changes
in the appearance of the images, which do not necessarily
reflect changes in glucose metabolism (R).

CONCLUSION
Supratentorial malignant brain tumors depress the glucose

metabolism of the contralateral cortex, and the magnitude of
this depression correlates with tumor size. The weak correlation
between cortical metabolism and DEX dose (normalized to
body weight) probably reflects the correlation between tumor
size and DEX dose rather than a specific action of DEX on
brain glucose metabolism. The results of our study suggest that
brain tumor metabolism is not affected by DEX treatment
(range 4-32 mg/day) or tumor size. These observations are of

practical importance because patients receive different DEX
doses at different time points in the course of their disease, and
FDG PET scans also are obtained at different stages of their
disease.

The optimal FDG accumulation parameter for serial evalua
tion of glioma patients (e.g., treatment response) is still CMRg|U
or R. SUV measurements do not account for changes or
differences in the arterial input function of blood FDG radio
activity or blood glucose concentration. However, because
arterial blood sampling is indispensable for the determination of
CMRglu or R, noninvasive procedures such as venous methods
or blood glucose indexing should be exploited to make use of
the overall practical value of FDG PET imaging. Noninvasive
methods could then provide appropriate measures of FDG
phosphorylation, also being suitable for serial investigations of
glioma patients.
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Organ-Specific Insulin Resistance in Patients with
Noninsulin-Dependent Diabetes Mellitus and
Hypertension
Ikuo Yokoyama, Tohru Ohtake, Shin-ichi Momomura, Katsunori Yonekura, Nobuhiro Yamada, Junichi Nishikawa,

Yasuhito Sasaki and Masao Ornata
The Second Department of Internal Medicine, the Department of Radiology, and the Third Department of Internal Medicine,
University of Tokyo, Tokyo, Japan.

Abnormal heart and skeletal muscle glucose metabolism in diabetes
or essential hypertension has been demonstrated. However, the role
of hypertension in heart and skeletal muscle glucose utilization in
diabetes has not been clarified yet. Methods: We compared heart
and skeletal muscle glucose utilization using PET and the whole-
body glucose disposal rate (GDR) during insulin clamping in 9
patients with noninsulin-dependent diabetes mellitus (NIDDM) and
essential hypertension and 11 patients with NIDDM without hyper
tension to examine the effect of hypertension on heart and skeletal
muscle glucose utilization. Results also were compared with those
for 8 asymptomatic healthy control participants. Results: Skeletal
muscle glucose utilization rate was comparable between hypertensive NIDDM patients (61.2 Â± 55.5 /Â¿molâ€¢min"1 â€¢kg"1) and
normotensive NIDDM patients (50.9 Â±25.2 /mnol â€¢min 1â€¢kg 1)but

was significantly reduced in both groups compared with controlsubjects (94.2 Â±57.3 /Â¿molâ€¢min"1 â€¢kg"1), as was the GDR (25.2 Â±
11.3 and 24.0 Â±7.5 /Â¿molâ€¢min 1 â€¢kg 1), respectively, for patients
compared with 38.5 Â± 11.5 Â¿Â¿molâ€¢min~1 â€¢kg~1 for control

participants). However, the myocardial glucose utilization (MGU)
rate was significantly reduced in NIDDM patients without hypertension (389 Â±185 /nmol â€¢min 1â€¢kg"1) than in those with hypertension
(616 Â±86.4 /xmol â€¢min 1 â€¢kg"1, p < 0.01). Multivariate stepwise

regression analysis has shown that MGU was significantly corre-

Received Mar. 11, 1997; revision accepted Aug. 5,1997.
For correspondence or reprints contact: Ikuo Yokoyama, MD, 7-3-1 Hongoh Bunkyo-

ku, Tokyo 113, Japan.

lated with systolic blood pressure and plasma free fatty acid con
centration. Conclusion: Whole-body insulin resistance was ob
served in NIDDM patients independent of hypertension. The MGU
rate may have different properties to oppose insulin resistance than
glucose utilization of skeletal muscle in hypertensive patients with
NIDDM.

Key Words: glucose metabolism; insulinresistance;diabetes mel
litus; hypertension; PET; fluorodeoxyglucose
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Â¿\ recent investigation has revealed that reactivity to insulin
between heart and skeletal muscle varies among several dis
eases, some of which usually are thought to be associated with
insulin resistance (1 ). Furthermore, it has been suggested that
glucose utilization may vary between heart and skeletal muscle
according to the specific disorder (7-3). For example, there is

increased myocardial glucose utilization (MGU) but reduced
skeletal muscle glucose utilization (SMGU) in patients with
mild hypertension (/). Reduced glucose utilization in the heart
but preserved skeletal muscle (2) also have been reported.
These observations strongly suggest that the kinetics of cardiac
muscle glucose utilization may be different from that of SMGU
in patients with insulin resistance.
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