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Antihypertensive Treatment at Follow- -up
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Distribution of antihypertensive treatments at the follow-up visit
in nondiabetic subjects, subjects with new-onset diabetes, and
subjects with previously known diabetes
O : No diabetes, B : New diabetes, [J: Previously known dia-
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NICS-EH 5  4210(0.2) o204 (0) (diuretics vs CA)
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Hypoadiponectinemia Is Closely Linked to Endothelial

Dysfunction in Man
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Vascular endothelial dysfunction has been demonstrated in
overweight or obese patients, but the molecular basis for this
link has not been clarified. We asked what the relationship
was between adiponectin, an adipose-specific molecule, and
endothelial function, Forearm blood flow (FBF) was measured
duringreactive hyperemia by using strain-gauge plethysmog-
raphy in 78 Japanese subjects without a history of cardiovas-
cular or cerebrevascular disease, diabetes mellitus, hepatie,
or renal disease. The peak FBF and total reactive hyperemic
flow [flow debt repayment (FDR)] during reactive hyperemia
were correlated with waist circumference (r = —0.418 and
—0.414, respectively) and body mass index (r = ~0.597 and
-0.626, respectively). After correcting for age, gender,
and body mass index, the peak FBF was correlated with sYS-

Molecular Science (T\F., Y.M.), Graduate School of

tolic blood pressure (r = —0.294; P = 0.010), free fatty acid
(FFA) (r = ~0.831; P = 0,004), and adiponectin in log 10 (r =
0.452; P < 0.001), and FDR wasg correlated with adiponectin in
log 10 (r = 0.462; P = 0.001). In stepwise multiple regression
analyses, prediciive variables for peak FBF were adiponectin
inlog 10 {r = 0.468) and FFA (r = —0.292; ¥* = 0.487; P < 0.0001);
and predictive variables for FDR were adiponectin in log 10
(r =0.474) and FFA (r = —0.275; % = 6.348, P < 0.0001), Endo-
thelial function was impaired in proportion to the severity of
ohesity, and the level of severity was closely related to plasma
adiponectin levels. Adiponectin may play a protective role
againgt the atherosclerotic vascular change, and loss of effects
enhances endothelial dysfunction, 8s in obesa people. (J Clin
Endocrinel Metab 88: 3236-3240, 2003)

BESITY IS ASSOCIATED with increased cardiovascu-
lar morbidity and mortality (1, 2). The American
Heart Association determined that obesity is a major, mod-
ifiable risk factor for coronary heart disease, based on emerg-
ing data about the link between adiposity and coronary heart
disease (3). Vascular endothelial dysfunction plays a pivotal
role in the pathogenesis of atherosclerosis and enhances the
risk of future cardiovascular events (4, 5). The presence of
vascular endothelial dysfunction has been demonstrated in
overweight or obese patients with insulin resistance (6, 7)
and visceral obesity (8). However, the molecular basis for the
link between obesity and vascular endothelial dysfunction
has not been clarified. A newly discovered adipose-specific
molecule, adiponectin, was shown to be decreased in obese
people (hypoadiponectinemia) (9), as in patients with coro-
nary artery disease (10). Because adiponectin may protect the
endothelium from early atherosclerotic events such as the
expression of adhesion molecules (10) or the attachment of
monocytic cells (11), hypoadiponectinemia could be linked to
endothelial damage. The present study questioned the rela-
tionship between plasma adiponectin levels and endothelial
funetion in humans.

Abbreviations: BMI, Body mass index; FBF, Forearm blood flow; FDR,
flow debt repayment; FFA, free fatty acid; HOMA-IR, homeostasis
model assessment of insulin resistance; NO, nitric oxide; NTG, nitro-
glycerin; RH, reactive hyperemia.

Subjects and Methods
Subjecty

This study consisted of 76 Japariese subjects without a history of
cardiovascular or cerebrovascular disease, diabetes mellitus, hepatic, or
renal disease. The study protecol complied with the Guidelines of the
Ethicat Committee of the University of the Ryukyus. Informed consent
was obtained from all subjects,

Endothelial function

Forearm blood flow (FBF) was measured using a mercury-filled
SILASTIC strain-gauge plethysmograph (EC-5R, D. E. Hokansor, Inc.,
Issaquah, WA), as previously described (12, 13). The strain gauge was
attached to the upper arm, held above the right atrium, and connected
to a plethysmographic device. A wrist cuff was inflated to a pressure of
200 mm Hg to exclude the hand circulation from the measurements 1
min before each measurement and throughout the measurement of FBF,
The upper arm cuff was inflated to 40 mm Hg for 7 sec in each 15-sec
cycle to occlude venous outflow from the arm, using a rapid cuff inflator
(EC-20, D. E. Hokanson, Inc.). The FBF output signal was transmitted to
a recorder (U-228, Advance Co., Nagoya, Japan), FBF was expressed as
milliliters per minute per 100 ml of forearm tissue. The FBF was then
calculated by two independent observers who had no knowledge of
the subjects’ profiles; the interobserver coefficient of variation was
3.0 ¥ 1.3%.

Study protocol

The study began at 0900 h, after the subjects fasted for at least 12 h.
The subjects were kept in a supine position, in a quiet, dark, air-con-
ditioned room (constant temperature of 25 C) throughout the study.,
Affer 30 min in the supine position, the basal FBF was measured. Then
the effect of reactive hyperemia (RH) and sublingual nitroglycerin
(NTG) on FBF was measured, as described, with modifications (14, 15).

3236
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To induce RH, FBF was occluded by inflating the cuff on the right upper
arm to a pressure of 200 mm Hg for 5 min, After releasing the cuff, FBF
was measured for 180 sec. Subjects were then given 0.3 mg of NTG
sublingually, and FBF was measured for 5 min. The end of the response
to R or sublingiial NTG was followed by a 15-min recovery period.
Baseline blood samples were obtained after 30 min at rest. The peak FBF
response (12) and total reactive hyperemie flow [flow debt repayment
(FDR)] (16) during RH were used to assess the resistance of vessel
endothelial function. FDR was defined as the curve under the area flow
vs. time during RH above baseline flow (16). Because FDR, but not peak
FBF, was significantly decreased by intraarterial infusion of NS-mono-
methyl-L-arginine (4 pmol/min), a blocker of nitric oxide (NO) synthe-
sis, we used FDR as a relatively NO-dependent marker (16). In the
preliminary study, we confirmed the reproducibility of RH and sub-
lingual NTG-induced vasodilation on two separate occasions in 28
healthy male subjects {mean age, 27 £ 5 yr). The ccefficlents of variation
were 4.3% and 2.8%, respectively.

Biochemical measurements

Venous blood samples were obtained in tubes containing EDTA-
sodium (1 mg/ml) and polystyrene tubes without an anticoagulant, The
EDTA-~containing tubes were promptly chilled. Plasma was immedi-
ately separated by centrifugation at 3000 rpm at 4 C for 10 min, and
serum was separated by centrifugation at 1000 rpm at room temperature
for 10 min. Samples were stored at —80 C until assayed. Routine chem-
ical methods were used to determine the serum concentrations of total
cholesterol, high-density lipoprotein cholesterol, triglycerides, creati-
nine, glucose, and electrolytes. The serum concentration of low-density
lipoprotein was estimated using Friedewald’s method (17). The plasma
adiponectin concentration was measured by sandwich ELISA, as pre-
viously described (9). Homeostasis model assessment of insulin resis-
tance (HOMA-IR), an insulin resistance index, was calculated as
described (18).

J Clin Endoerinol Metab, July 2003, 88(7):3236-3240 3237

Statistieal analysis

Values are expressed as the mean * sp. Comparisons of time-course
curves of FBF during RH were analyzed by two-way ANOVA for re-
peated measures on one factor, followed by Fisher's protected least
significant difference for multiple-paired comparisons. The repeated
factor was time of RH, and the nonrepeated factor was one group vs. the
other group. Multigroup comparisons of variables were made by one-
way ANOVA followed by Fisher's protected least significant difference
for multiple-paired comparisons. Probabilities less than 0.05 were con-
sidered to be significant. The data were processed using StatView J-5.0
software (SAS Institute Inc., Cary, NC).

Results

The mean values (range) of basal FBF, peak FBF, and the
maximal flow after NTG administration (in milliliters per
minute per 100 m]) were 3.27 + 1.43 (1.37-6.19), 1845 * 6.76
(4.05-35.3), and 4.26 * 1.64 (2.35-6.88) in all 76 subjects.
Single correlation analyses showed that the peak FBF was
negatively correlated with waist circumference, body mass
index (BMI), systolic blood pressure, free fatty acid (FFA),
and leptin, and was' positively correlated with adiponectin
(Fig. 1 and Table 1). FDR correlated negatively with waist
circumnference, BMI, HOMA-IR, FFA, and leptin, and posi-
tively with adiponectin. The maximal flow after NTG did not
cotrelate with any metabolic and anthropometric varjables.
After correcting for age, gender, and BMI, the peak FBF was
correlated only with systolic blood pressure, FFA, and adi-
ponectin, and FDR was correlated with adiponectin. In step-
wise multiple regression analyses, predictive variables for
peak FBF were adiponectin inlog 10 (r = 0.468) and FFA (r =

i i L ] i ]
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Fig. 1. Correlation between peak FBF (upper panels) and FDR €lower panels) during RH, BMI, waist circumferencs, and serum adiponectin
lavels in all 76 subjects. Pearson’s correlation coefficients are shown. ’
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TABLE 1. Peak FBF, FDR, and variables

Shimabukuro ef al. * Hypoadipenectinemia and Endothelial Dysfunction

Peak FBF FDR
Simple correlation Partial correlation Simple correlation Partial correlation
s r o F il P r* P
Age (yT) ~-0.075 0.609 -0.177 0.215
Waist circxllmference (cm) -0.418 0.000 0.088 0,469 -0.414 0.000 0.080 0.455
BMI (kg/m?) ~0.507 <0.0001 -0.626 <0.0001
Systolic bleod pressure (mm Hpg) -0.304 0.008 -0.294 0.010 -0.201 0.082 -0.118 0.310
Hemeoglobin Ale -0.156 0.194 0.047 0.697 -0.230 0,052 -0.023 0.848
HOMA-IR —-0.206 0.090 ~-0.021 0.564 -0.269 0.024 -0.082 0.669
Triglyceride {mg/100 ml) -0.033 0.780 —-0.081 0.493 -0.046 0.696 -0.016 0.892
LDL cholesterol (mg/100 mi) -0.082 0.494 -0.124 0.296 -0.034 0.776 -0.129 0.273
FFA (mmoiAiter) —-0.386 0.001 -0.331 0.004 -0.336 0.003 -0.210 0.073
Leptin (log;, ng/ml) ~0.453 0.000 -0008 0950 ~0.349 0.004 0018  0.880.
Adiponectin (log;q pg/mi) 0576  <0.0001 0492 0000 0.510 <0.0001 0462  0.001
LDL, Low-density lipoprotein,
2 r, Peargon’s correlation coefficient.
by, Variables corrected by sge, gender, and BML,
TABLE 2. Stepwise multiple regression models predicting peak FBF and FDR
Peak FBF FDR
Model 1 Mode] 2 Model 1 Model 2
B F F B8 F B F
Adiponectin (log,, pg/ml) 0.468 16.473 0.439 16.807 0.474 14.354 0.388 12.68
Age (1) 0.084 0.287 —-0.122 0.621 -0.125 0.662 -0.281 3.69
Gender 0.258 2.857 0012 0.008 ~-0.016 0.01
BMI (kg/m?) -0.498 21.765 -0.516 22.25
HOMA-IR -0.188 1.439 0.06 0.148 -0.063 0.170 0.225 2.24
LDL cholesterol {mg/100 ml) 0.044 0.077 —0.093 0.358 —0.069 0.202 -0.144 0.88
FFA (mmoMiter) -0.292 8,609 -0.274 3.317 -0.276 4.817 ~0.208 1.90
Systolic blood pressure (mm Hpg) -0.273 5.75 —0.286 3.664 ~0.192 1.599 -0.101 0,44
Hemoglobin Ale -(.268 3.096 —{.149 0.93 -0.236 2.482 ~0.184 147
r 0.698 0.745 0.588 0.721
r 0.487 0.555 0.346 0.520
F 12,976 26.151 11.353 2333
P <0,0001 <0.0001 <0.0001 <0.0001

The F value to enter wag 4.0 at each step, g, Parameter estimate; LDL, low-density lipoprotein.

—0.292; I = 0.487; P < 0.0001), and predictive variables for
FDR were adiponectin in log 10 (r = 0.474) and FFA (r =
~0.275; 1* = 0.346; P < 0.0001) (Table 2, model 1). When BMI
was included in the model (Table 2, model 2), predictive
variables for peak FBF and FDR were adiponectin in log 10
(r = 0.439 and 0.388, respectively) and BMI (r = —0.498 and
—0.516, respectively). Serum adiponectin in log 10 (micro-
grams per milliliter) was negatively correlated with waist
circumference (r = —0.334; P = 0.020), BMI {r = —0.365; P =
0.007), HOMA-IR (r = —302; P = 0.034), and FFA (r = —0.271;
P = 0.052).

Discussion

The major findings of the present study were: 1) the peak
FBF response and FDR to RH, indices of the function of vessel
endothelial resistance, were impaired in proportion to the
severity of obesity; and 2) the jmpairment in the FBF re-
sponse and FDR was correlated with low levels of serum
adiponectin. This is the first study that shows the effects of
adiponectin on endothelial function in human subjects and
that low levels of adiponectin were closely correlated with
resistance vessel endothelial dysfuniction.

Serum odiponectin and endothelial funetion

Measurements of FBF during intraarterial infusion of ace-
tylcholine are used to investigate endothelium-dependent
vasodilatation (12, 13). However, this technique is invasive
and time consuming and cannot be used routinely. We mea-
sured FBF during RH using strain-gauge plethysmography.
With this noninvasive method, resistant vessel endothelial
function can be assessed physiologically with a high repro-
ducibility (14, 15). Higashi et al. (15) reported that peak FBF
during RH was well correlated with FBF to maximal acetyl-
choline dose (30 pg/min; r = 0.91; P < 001), indicating that
this noninvasive method is a usefuil alterative for assessing
resistance vessel endothelial function. Because the contribu-
tion of NO may be different at the RH phase, we used peak
FBF as a combination marker of shear stress and local met-
abolic factors at an early phase of RH, and FDR as a relatively
NO-dependent marker at the mid-to-late phase of RH (16).

The peak FBF and FDR were correlated negatively with
waist circumference, BMI, FFA, systolic blood pressure (peak
FBF), HOMA-IR (FDR), and leptin, and correlated positively
with adiponectin. After correcting for age, gender, and BM],
the endothelial function indices were correlated positively
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with adiponectin and negatively with FFA. NTG-induced
FBF changes were not correlated with any metabolic and
anthropometric variables, indicating that endothelium-
dependent function was predominantly affected by hypo-
adiponectinemia. It is suggested that, in humans, the plasma
level of adiponectin may be directly linked to endothelial
function.

Mechanisms for a link between kypoadiponectinemia and
endothelial dysfunction

Two possible mechanisms by which hypoadiponectinemia
decreases endothelial function are postulated.

First, adiponectin level can be linked to whole-body in-
sulin sensitivity, and hypoadiponectinemia can cause endo-
thelial dysfunction by decreasing insulin sensitivity, Because
the plasma adiponectin level was decreased in the predia-
betic insulin-resistant phase in rhesus monkeys (Macaca mu-
latta), hypoadiponectinemia might play a causative role in
the development of insulin resistance (19). We confirmed this
concept by showing that experimental ablation of the adi-
ponectin gene in mice reduces insulin sensitivity, and ade-
novirus-mediated supplementation of plasma adiponectin
can recover the sensitivity (20). There is a close correlation
between whole-body insulin sensitivity and endothelium-
dependent vasodilatation (6, 7). We previously reported that
endothelial NO production (21) and vasodilatation induced
by local intraarterial infusion of insulin/glucose (22) were
both closely linked to whole-body insulin sensitivity (21). In
the current study, FDR was negatively correlated with
HOMA-IR (Table 1), indicating a link between FDR and
insulin sensitivity. But this correlation was abolished after
correcting for age, gender, and BMI, probably by a strong
confounding effect of BMI on insulin sensitivity. In multiple
regression analysis, endothelial function was negatively cor-
related with FFA and positively correlated with adiponectin
(Table 2, model 1). When BMI was included in the model as
an independent variable, the power of FFA, but not of adi-
ponectin, was abolished (Table 2, model 2). HOMA-IE, a
casual marker for insulin resistance (18), was not selected as
a predictor for endothelial function. Serum adiponectin lev-
els were reported to be closely linked to insulin sensitivity in
human subjects (19, 23), and the current study showed that
adiponectin levels were correlated negatively with waist cir-
cumference, BMI, and HOMA-IR, indicating a close link be-
tween hypoadiponectinemia and insulin resistance. Adi-
porectin might eliminate the predictive power of HOMA-IR,
which is a relatively weaker predictor for insulin sensitivity
than other markers, such as an M-value by the hyperinsu-
linemic euglycemic clamp (23). It was also reported that FFA
can directly impair endothelial function in humans by de-
creasing insulin sensitivity (6, 7). Adiponectin (19, 29, 23} and
FFA (6, 7), which are both secreted from adipocytes, may
independently and bidirectionally regulate endothelial func-
tion through modulation of insulin sensitivity in the whole
body and vascular beds.

Second, hypoadiponectinemia may be directly linked to
early atherosclerotic vascular damage and a subsequent en-
dothelial dysfunction. Experimentally, Ouchi et al. (10
showed that adiponectin inhibited TNF-a-induced expres-
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sion of endothelial adhesion molecules in endothelial cells
and that adiponectin reduced atherogenic transformation of
macrophage to foam cells by suppressing scavenger receptor
expression (11). It was also evident that plasma adiponectin
levels were decreased in patients with atherosclerotic risk
factors such as obesity, impaired glucose tolerance, diabetes
mellitus, or previous coronary heart disease (10). Loss of
plasma adiponectin may accelerate early atherosclerotic vas-
cular damage and reduce various physiological roles of en-
dothelial cells, including NO synthesis and supply, which
may be linked to decreases in the peak FBF and FDR, in the
current study.

Study limitation

The current study cannot determine which of the follow-
ing is plausible: 1) hypoadiponectinemia impairs endothelial
funetion by itnpairment of insulin sensitivity in the whole
body and vascular beds; 2) hypoadiponectinemia first accel-
erates vascular damage and then impairs NO supply from
endothelium; or 3) hypoadiponectinemia first impairs NO
synthesis and supply and then accelerates vascular damage
(3). Direct actions of adiponectin on vascular function should
be observed in future studies.

Conclusions

The current study showed that endothelial function was
impaired in proportion to the severity of cbesity and that
endothelial function was closely related to plasma adiponec-
tin levels. Adiponectin may play a protective role directly
against the atherosclerotic vascular change and /or indirectly
through improving insulin sensitivity. The loss of adiponec-
tin effects erthances endothelial dysfunction and may be as-
sociated with future cardiovascular events.
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Introduction

Abstract

Alms This randomized crossover placebo-controlled study aimed to assess the
efficacy of nateglinide, a phenylalanine-derived insulin secretagogue, on forearm
endothelial function in diabetic subjects before and after an oral glucose load,

Methods Forearm blood flow (FBF) was measured using strain-gauge plethys-
mography during reactive hyperaemia before and after an oral glucose load (75 g)
with a prior use of placebo or nateglinide (90 mg) in 15 diet-treated Type 2
diabetic patients or age-matched controls with normal glucose tolerance.

Results The peak FBF response and total reactive hyperaemic flow (flow debt
repayment: FDR), indices of resistance artery endothelial function, were decreased
after an oral glucose load in diabetic patients, but unchanged in controls. Nate-
glinide administered to diabetic patients accelerated insulin secretion 2nd reduced
post-challenge plasma glucose, and also abolished the post-challenge impairment
of endothelial function. The peak FBF and FDR were well correlated with 120-
min glucose levels and 30-min insulinogenic index,

Conclusions A single chalienge of glucose was shown to impair endothelial
function in diabetic patients, and the post-challenge endothelial dysfunction was
improved by a prior use of nateglinide. Long-term effects of nateglinide on endo-
thelial function in Type 2 diabetic patients need to be clarified in future studies.

Diabet. Med. 21, 983-986 (2004)

Keywords endothelial function, nateglinide, post-challenge glucose metabolism,
Type 2 diabetes

[3] showed that elevated 2-h glucose was a better predictor of
mortality from cardiovascular diseases than fasting ghicose

Post-prandial hyperglycaemia has been associated with increased
risk of macrovascular complications [1-3]. A meta-analysis
including 95 783 people from 22 studies demonstrated the
association between post-challenge hyperglycaemia and cardi-
ovascular events [1}, Analysis of the prospective DECODE (the
Diabetes Epidemiology: Collaborative Analysis of Diagnostic
Criteria in Europe} data (2] and the Honolulu Heart Program

Correspondence to: Dr Michio Shinsabukuro, Second Depattinent of Internal
Medicine, Facutty of Medicine, University of the Ryukyus, 207 Uehara, Nishi-
hara, Okinawa 903-0215, Japan. E-mail: mshimabukuro-ur@umin.ac.jp or
medd47345@members.interq.or.jp

© 2004 Diabetes UK. Diabetic Medicine, 21, 983-986

alone. In a screened multicentre cohort, the Diabetes Interven-
tion Study showed that poor control of post-prandial glucose
increased the risk of myocardial infarction or mortality up to
3-fold, even under good control of fasting glycaemia [4]. Vas-
cular endothelial dysfunction plays a pivotal role in the patho-
genesis of atherosclerosis [5] and enhances the risk of future
cardiovascular events {6,7]. The presence of vascular endotheliat
dysfunction has been demonstrated in Type 2 diabetic patients
{8], but the contributions of post-prandial hyperglycaemia to
endothelial dysfunction is targely unknown [9]. This crossover
placebo-controlled study aimed to assess the efficacy of post-
challenge hyperglycaemia reduction by nateglinide, which
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rapidly enhances insulin secretion and reduces mealtime glucose
excursions [10], on forearm endothelial function in Type2
diabetic subjects,

Research design and methods

Diet-treated Type 2 diabetic patients (six male and nine fernale,
60 & 3 years) without a history of cardiovascular complication
were enrolled in this study. Age-matched healthy subjects with
normal glucose tolerance were used as controls. The study pro-
toco! was approved by the Erhical Committee of the University
of the Ryukyus and carried out in accordance with the princi-
ples of the Declaration of Helsinki, All subjects gave informed
consent. No subjects were taking medication, and all abstained
from alcohol, tobacco and strenuous physical activity for 24 h
and caffeine-containing drinks overnight.

The acute effects of oral glucose loading with placebo or
nateglinide on forearm blood flow (FBF) was studied in a double-
blinded placebo-controlled crossaver design. Studies were done
On two separate mornings at least 1 week apart, After overnight
fasting, either 30 mg nateglinide (Yamanouchi Pharmaceutical,
Tokyo, Japan) or placebo was ingested, followed by an ora! 75 g
glucose load (Trelan-G, Takeda, Japan}, We measured FBF during
reactive hyperacmia using a mercury-filled silastic strain-gauge
plethysmograph (EC-SR, D. E. Hokanson Inc., Issaquah, WA,
USA) before and 120 min after a glucose load [11-13]. Before and
after release of 2 5-min upper arm cuff occlusion at 200 mmHg
(reactive hyperaemia), FBF was measured by repeated inflations
of the upper arm at 40 mmHg during a wrist cuff inflation at
200 mmHg [11,12), We used peak FEF as a combination marker
of shear stress and local metabolic factors at early phase of RH,
and total reactive hyperaemic flow {flow debt repayment: FDR),
as a relatively NO-dependent marker at mid-to-late phase of
RH[13].

Values are expressed as the mean + sem. Two-tailed unpaired
Student’s #-test and two-way analysis of variance (ANovA) for re-
peated measures on one factor followed by Bonferroni’s correction
for multiple-paired comparisons, were analysed using StatView
J-5.0 (SAS Institute, Cary, NC, USA) software package.

Results

The baseline characteristics of the 15 diabetic subjects are as
follows: body mass index26.1+1.13 (kg/m*); heart rate 73
3 {beats/miin); blood pressure 129/72 + 4/2 (mmHg}; total cho-
lesterol §.39 £ 0.20 (mmol/1); triglyceride 1,63 + 0.21 (mmol/
I}; HDL-cholesterol 1.42 £ 0.05 {mmol/l); and glycosylated
haemoglobin A,, 7.53 £ 0.30 (%).

With a prior use of placebo, plasma insulin levels were low
at 30 min and peaked at = 350 pmol/] between 90 and 120 min
after an oral glucose load, and plasma glucose levels remained
= 19 mmol/l at 120 min (Table 1). With a prior use of nategli-
nide, post-challenge insalin levels increased rapidly at 30 min
and glucose levels significantly decreased to = 15 mmol/] at
120 min. All medications were well tolerated and no adverse
events were observed during the study. Systemic haemody-
namics and metabolic parameters at baseline were comparable
between two study days.

T 1

Table 1 Plasma glucose and serum insulin levels after an oral glucose
load during a prior use of placebo or 90 mg nateglinide in 15 diabetic
patients

Pastna glucose (mmol/l} Serum insulin (pmol/1)

Time

{min) Placebo Nateglinide  Placebo Nateglinide
0 8.8+0.4 82104 85114 64111
30 14.6£0.6 13.110.5 198119 345125
(] 18.1+0.8 14.9+0.8 309137 35151
90 154106 157108 358151 403260
120 12.2+038 149+0.6 350145 431+ 70
Pvalue  P<0.001 P=0.056

Data represent the mean + sent. The P-values for curve difference by
two-way ANOVA were shown,

With placebo, FBF response during reactive hyperaemia
decreased significantly after a glucose load (P < 0,001 for trend),
but, with nateglinide, post-challenge FBF response remained
unchanged (P = 0.137). The peak FBF response and FDR,
indices of resistance artery endothelial function, were both
decreased after an oral ghicose load in diabetic patients, but not
in healthy controls (Fig. 1a). A single ingestion of nateglinide
prevented the postchallenge decrease in the peak FRF and FDR.
The peak FBF and FDR were well correlated with 120-min
glucose levels (Fig. 1b). Peak FBF was negatively cotrelated
with area under the curve for glucose (AUCg,ume,_R =-{0.423,
P=0.017) and insulin (AUC, ., R =—0.387, P=0.034).
Peak FBF and FDR were positively correlated with 30 min
insulinogenic index (Ainsulin/Aglucose) (R = 0.450, P = 0,012
and R = 0,438, P = 0.013, respectively),

Discussion

This is the first study demonstrating that endothelial function
was impaired by acute post-challenge glucose excursion in
Type 2 diabetic patients, and a single dose administration of
nateglinide abrogated the post-challenge endothelial dysfunc-
tion by decreasing the glucose excursion.

The peak FBF and FDR were both decreased after an oral
glucose load in diabetic patients, but not in healthy controls
with normal glucose tolerance. Kawano et al. [14] showed that
endothelium-dependent flow-mediated dilatation (FMD) of
the brachial artery were decreased after an oral glucose load in
patients with Type 2 diabetes or impaired glucose tolerance.
As there was a close negative correlation berween indices of
endothelial function and plasma giucose levels, post-prandial
hyperglycaemia itself could be the culprit for post-prandial
endothelial dysfunction {9,14). Williams et al. [15) demon-
strated that effects of acure hyperglycaemia on endothelium-
dependent vasodilation were similar after blocking insulin
release with octreotide, supporting this notion. A potential
mechanism by which post-prandial hyperglycaemia impairs
endothelial function could be generation of reactive oxygen stress

© 2004 Diabetes UK. Diabetic Medicine, 21, 983-926

..73_



'
w,

—

w

]

Nateglinide
NGT .

40

8
S

FDR (ml/min)
8 5

=

Peak FBP (mlmin/too mi)
ha
[=]

0 o LLi% A | 16
6120 0120 0120 {rmin) ‘0120 9120 0120 {min)
Placebo Natagllnide Placebo Naieglmlde
P —
= . = ® ® Placebo
o« E 30k P=8%1 10 |0 Natsginds
g8 o8 O ce @
=% 20} 0‘ [ @ 1 %?\r
SE
. L ]
g0 ] ° EE:—O.ass
P=0.056
o 1 L 1l 1 1 1
80 — .
- »® .
ool . . J
ﬁ 40}
o« 0.
B af % R=-—OOB4'
P=0736

.25 0 200400 600 80010001200
Insulinggg (pmoll)

[+]
5 10 5 20
Glucesa, g (mmolT)

Figure 1 (a) Peak forearm blood flow (FBF} and flow debt repayment
{(FDR) before {0 min, open bars} and after (120 min, closed bars) an oral
glucose load during a prior ingestion of placebo or nareglinide in 15
diabetic patients, For comparison, values in healthy subjects wich normal
glucose wolerance (NGT) were shown. Dara represent the mean  sem.
*P < 0.05 vs. NGT and tP < 0.05 vs. 0 min. (b} Correlation between
120-min glucose and insulin levels and peak FBF and FDR after an oral
glucose load in diabetic patients. An ingestion of either placebo {open
circles) or 90 mg nateglinide {closed circles) was followed by an oral
75-g glucose load. Pearson’s correlation coefficients (R) and P-values
were shown.

{ROS) [9,14,16], as antioxidants can restors post-prandial
endothelial function {17,18].

A single administration of nateglinide abrogated the post-
challenge endothelial dysfunction in diabetic patients. As
reported [10}, nateglinide recovered early phase insulin secre-
tion and decreased post-challenge glucose levels (Table 1),
This raises the question whether the improvement of post-
challenge endothelial function by nateglinide is the result of a
suppression of post-challenge hyperglycaemia, a rise in insulin,
or an effect of the drug itself. As 120-min glucose levels and
AUC, .. were well correlated with peak FBF and FDR, sup-
pression of post-challenge hyperglycacmia seemed to be the
most likely factor. As peak FBF and FDR were negatively
correlated with AUC, .., insulin resistance also might be
involved in the endothelial dysfunction of diabedc patients.
Nateglinide significantly increased insulinogenic index, but did
not aiter AUC,, and 120-min insulin levels. This suggests
that suppression of post-challenge hyperglycaemia by a recovery
of early insulin secretion, but not an increase in insulin-mediated

© 2004 Diabetes UK. Diabetic Medicine, 21, 983-986
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vasodilatation [19,20], explained the improved endothelial
function.

In summary, a single glucose challenge impaired endothelial
function in Type 2 diabetic patients, which was improved by
prior use of nateglinide. Long-term effects of nateglinide on
endothelial dysfunction in Type 2 diabetic patients need to be
clarified in future studies.
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