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Plasma Nitrate/Nitrite Response to an Oral Glucose Load and the Effect of
Endurance Training

Edward P. Weiss, Jung-Jun Park, Jennifer A. McKenzie, Joon-Young Park, Onanong Kulaputana,
Michael D. Brown, Dana A. Phares, and James M. Hagberg

o assess the role of circulating nitric oxide (NO) production in glucose homeostasis, plasma nitrate/nitrite (NOx) was

ssessed during oral glucose tolerance tests (OGTTs) on 64 sedentary subjects and in a subset 40 subjects before and after

months of endurance exercise training. NOx decreased with the oral glucose load (P < .001 for linear and quadratic effects).

GTT NOx response indices (NOx response area (NOx AREA), change in NOx from baseline to the minimum (�NOx), and NOx

ime-to-minimum) were not associated with OGTT insulin or glucose areas under the curve (AUCs) or with insulin sensitivity

ndex (ISI). Training did not alter NOx AREA, or �NOx, however, NOx time-to-minimum occurred later after training (P � .038).

raining-induced insulin AUC and ISI changes were not associated with OGTT NOx index changes; however, glucose total

UC changes were associated with changes in NOx AREA (r � .42, P � .007) and �NOx (r � .37, P � .019). In conclusion, these

ata suggest that circulating NO production is not involved in glycemic control after an oral glucose load in sedentary adults.

n response to endurance training, however, it appears that the time required to reach minimum NOx levels after a glucose

oad is greater after training. Furthermore, although the magnitude of NOx response (as indicated by NOx AREA and �NOx)

o an oral glucose load does not appear to change with training for all individuals, individual training-induced changes in the

Ox response magnitude are partly explained by training-induced changes in OGTT glucose responses.
2004 Elsevier Inc. All rights reserved.
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ITRIC OXIDE (NO) may be involved in the modulation
of postprandial glucose homeostasis. First, at the tissue

evel, NO increases blood flow,1 which facilitates the delivery
f glucose and insulin to the capillary beds of skeletal muscle,
here both glucose and insulin may directly stimulate cellular
lucose uptake. Secondly, NO may directly stimulate glucose
ptake at the cellular level in resting muscle, although existing
eports are contradictory.2,3 Lastly, NO may affect glucose
omeostasis by altering insulin and/or glucagon responses to
lucose ingestion,4,5 which have their own effects on glucose
etabolism.
Despite the evidence that suggests that NO may facilitate

ostprandial glucose disposal, it is not clear if NO production
s increased in the postprandial state. To the best of our knowl-
dge, only one study has assessed the role of NO in physiologic
yperglycemia and hyperinsulinemia in humans. Kawano et al6

easured plasma nitrate/nitrite (NOx) concentration as a
arker for vascular NO production and found that circulating
Ox concentration did not increase in response to an oral
lucose load. However, it should be noted that the subjects all
ad cardiovascular disease (CVD) and might have already had
ndothelial dysfunction,7,8 which could conceivably compro-
ise insulin-mediated NO production.
Hypothetically, if NO enhances glucose delivery to muscle

nd myocellular glucose uptake, it is reasonable to hypothesize
hat plasma NOx levels would increase in response to a stan-
ard oral glucose load. Additionally, although it is well ac-
epted that exercise training can improve glucoregulatory func-
ion in individuals at risk for the development of type 2
iabetes,9 it is not known if changes in postprandial NO pro-
uction contribute to this improvement. The purpose of the
resent study, therefore, was to determine if plasma NOx con-
entration, as a marker for NO production, increases in re-
ponse to an oral glucose load in subjects who are free from
ardiovascular disease and diabetes. Furthermore, because in-
ulin and glucose may affect NO production,10 we sought to
etermine if the plasma NOx response to oral glucose would be

ssociated with plasma insulin and/or glucose responses to an

etabolism, Vol 53, No 5 (May), 2004: pp 673-679
ral glucose load. Lastly, because endurance exercise training
s known to improve glucoregulatory function,11,12 we studied
he effect of 6 months of endurance exercise training on the
lasma NOx response to oral glucose load in previously sed-
ntary individuals who were at an increased risk for type 2
iabetes due to their age and body mass index (BMI).

MATERIALS AND METHODS

ubjects

Sixty-four sedentary, nondiabetic, healthy men (n � 23) and women
n � 41) gave their written consent to participate in the study after the
ature of all procedures was explained. All provisionally qualified
andidates were screened for diabetes using fasting and 2-hour post-
lucose load plasma glucose concentrations according to published
uidelines.13 No subjects were taking medications known to affect
lucose metabolism. Further details on subject screening and recruit-
ent are published elsewhere.14 Of the 64 subjects who completed

esting at baseline, a subset of 40 subjects (15 men, 25 women)
ompleted 6 months of endurance training as described below. Among
he 24 subjects for which posttraining data are not reported, 16 (25%)
ropped out of the study before or during the exercise intervention, and
were excluded from the training-effects analyses because of missing

lucose tolerance test data.
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674 WEISS ET AL
ietary Control

All 64 subjects underwent 6 weeks of a dietary stabilization period
uring which they attended twice weekly dietary classes and were
aught to consume a diet consistent with the American Heart Associ-
tion Dietary Recommendations for the General Population.15 Compli-
nce with the diet was monitored using 7-day diet records and food
requency questionnaires.

Dietary nitrate/nitrite consumption was not assessed or controlled in
he present study, however, it is unlikely to have affected the study
utcomes because our assessments were performed after a 12- to
6-hour fast and because the half-life of plasma NOx is 3 to 8 hours.16,17

urthermore, because we assessed the acute response of plasma NOx

oncentrations to an oral glucose load, it is unlikely that a time-specific
ostprandial change in plasma NOx concentrations could be due to
andom ingestion of dietary nitrate/nitrite from food consumed 12 or
ore hours before the oral glucose load.

xercise Intervention

The 6-month, supervised endurance exercise training program uti-
ized exercises, such as treadmill walking, stationary cycling, and
tationary rowing. The training program has been described in detail
reviously.14 In brief, the subjects were gradually progressed, over the
rst 10 weeks, to 3 sessions of exercise per week for 40 minutes of
xercise per session at 65% to 75% of heart rate reserve.

ependent Measures

Dependent measures were assessed when the subjects completed the
-week dietary stabilization class, but before starting their exercise
raining, and again at the end of the 6-month exercise intervention.
nly subjects who had at least a 75% attendance rate for exercise

raining were retested in the trained state, and exercise training was
ontinued until the last of the dependent measures were made. All
ssessments at the end of the training intervention were made within 24
o 36 hours after an exercise bout.

Subjects underwent a 3-hour, oral glucose tolerance test (OGTT)
efore and after the training intervention. For 3 days prior to each
GTT, subjects consumed at least 250 g carbohydrates per day. All

ests were started between 6:30 AM and 9 AM and were performed after
12- to 16-hour overnight fast. A 20-gauge intravenous catheter was

laced in an arm vein at or distal to the antecubital fossa. The catheter
nd extension line were flushed after each draw with 0.9% sodium
hloride. Blood samples for glucose, insulin, and NOx were drawn
efore and 30, 60, 90, 120, and 180 minutes after an oral glucose load
f 75 g of dextrose in a 296-mL (10 fluid oz) solution. Blood samples
ere immediately mixed with 15% potassium EDTA and stored on ice.
hole blood samples were later centrifuged at 4°C and 1,800 g for 20
inutes. Supernatant plasma was transferred to separate tubes for

lucose, insulin, and NOx assays and stored at �80°C for later analy-
es.

ample Analysis

For glucose, insulin, and NOx assays, each subject’s OGTT plasma
amples from before and after training were analyzed in a single assay
o eliminate interassay variability. Glucose was analyzed using the
lucose oxidase method and a semiautomatic analyzer (model 2300
tat Plus; YSI, Yellow Springs, OH). Insulin was assayed via compet-

tive radioimmunoassay (kit HI-14K; Linco Research, St. Charles,
O). Plasma for determination of NOx concentration was filtered with

0,000 molecular weight cut-off centrifugal ultrafilters at 9,000 g and
°C for 50 minutes. NOx concentration in the filtered plasma was
nalyzed via a modification of the Greiss Assay as described else-
here.18 For all assays, samples were run in duplicate, and the mean of

uplicates was used to represent the sample value for the respective �
nalyte. When results for duplicate measures of a sample were discrep-
nt (�2 mg/dL for glucose or a coefficient of variation of �0.10 for
nsulin and NOx), the sample was reassessed in a subsequent assay.

alculations

Total and incremental areas under the curve (AUCtotal and
UCpartial, respectively) were calculated for the OGTT plasma glucose

nd insulin responses using the trapezoidal rule. Insulin sensitivity
ndex (ISI) was calculated as described by Matsuda and DeFronzo19

nd as follows: ISI � 10,000[(FPG � FPI) � (MPG � MPI)]0.5, where
PG is fasting plasma glucose in mg/dL, FPI is fasting plasma insulin

n �U/mL, MPG is mean plasma glucose during minutes 0 to 120 of the
GTT in mg/dL, and MPI is the mean plasma insulin during minutes
to 120 of the OGTT in �U/mL.
Plasma NOx levels decreased in response to the oral glucose load

see below), therefore, the area between baseline and the plasma NOx

oncentration curve (NOx AREA) was calculated as the total area
elow baseline minus the area below the curve where the area below
he curve was calculated using the trapezoidal rule. The maximum
hange in NOx (�NOx) was calculated as the lowest postglucose load
Ox concentration minus fasting NOx concentration. NOx time-to-
inimum was the postprandial time point (ie, 30, 60, 90, 120, or 180)

t which the NOx concentration was at its minimum.

aximum Oxygen Uptake

Maximum oxygen uptake (V̇O2max) was determined via indirect
alorimetry during a progressive, incremental treadmill exercise test to
xhaustion as described previously.20

tatistics

NOx response to the oral glucose load was evaluated using analysis
f variance (ANOVA) and regression analysis with repeated measures
ver time. Post hoc means comparisons were performed using pro-
ected least significant difference tests. For the regression analysis, the
ime-dependent NOx response to oral glucose was evaluated for the
resence of linear, quadratic, and cubic effects. The effects of endur-
nce training on outcomes from the OGTT were studied in subjects
ho had paired baseline, and final data and were evaluated using

epeated measures ANOVA. Pearson product-moment correlation anal-
ses were used to identify associations between variables with results
eing presented as correlation coefficients. All outcome data analyses
ere performed at a type I error rate of 0.05. Error terms are presented

s standard error of the mean. All statistical analyses were performed
sing SAS software (SAS version 8, SAS Institute, Cary, NC).

RESULTS

ubjects

Mean age for the subjects was 58 � 1 year and V̇O2 max was
5 � 1 mL/kg/min for both the 64 sedentary subjects (Table 1)
nd for the 40 training study subjects at baseline (Table 2).
xercise training increased V̇O2 max by 17% to 29 � 1 mL/
g/min (P � .001). Mean BMI for the 64 sedentary subjects
as 28.2 kg/m2 indicating that many of the subjects were
verweight. In the training group, body weight decreased from
9.8 � 14.1 to 78.7 � 13.7 kg (P � .01) following the
ntervention.

Effect of oral glucose load on plasma NOx concentration in
edentary individuals. The dependency of plasma NOx con-
entration on OGTT time is described by the equation: NOx �
5.54411 � 0.02043t � 0.00007719t2, where NOx is NOx in

mol/L and t is OGTT time in minutes (P � .0001 for linear
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675NITRATE/NITRITE RESPONSE TO ORAL GLUCOSE
nd quadratic effects; P � .01 for cubic effects) (Fig 1). Plasma
Ox concentration decreased in response to the oral glucose

oad from 15.6 � 0.8 �mol/L at 0 minutes to 15.1 � 0.8
mol/L at 30 minutes (P � .068) and to 14.3 � 0.7 �mol/L at
0 minutes (P � .001 compared with NOx concentrations at 0
nd 30 minutes). No further change in NOx occurred after the
0-minute time point, but the 90-, 120-, and 180-minute NOx

alues were all significantly lower than the 0- and 30-minute
Ox values (P � .05 for all pairwise comparisons).
Association between NOx response and glucose and insulin

esponses to the oral glucose load in sedentary individuals.
Ox AREA, �NOx, and NOx time-to-minimum were not as-

ociated with the insulin or glucose responses to the oral
lucose load (all P values � 0.58). Furthermore, fasting plasma
Ox concentrations were not associated with the OGTT insulin
r glucose responses, with fasting plasma glucose concentra-
ions or with fasting plasma insulin concentrations.

Effects of endurance training on glucose and insulin re-
ponses to the oral glucose load. Endurance training resulted
n decreases in insulin AUCtotal (71 � 4 �mol/L � min before
raining v 55 � 4 �mol/L � min after training; P � .01) and
lucose AUCtotal (1.2 � 0.04 mmol/L � min � 103 before
raining v 1.1 � 0.04 mmol/L � min � 103 after training; P �
01). Furthermore, training decreased the plasma insulin con-
entrations for all OGTT time points (Fig 2) and decreased the

Table 1. Characteristics of 64 Sedentary Subjects

Sex (F/M) 41/23
Age (yr) 58 � 1
Weight (kg) 79.9 � 1.7
BMI (kg/m2) 28.2 � 0.5
VO2max (L/min) 2.0 � 0.1
VO2max (mL/kg/min) 25 � 1
Fasting NOx (�mol/L) 15.6 � 0.8
Fasting insulin (pmol/L) 79 � 4
Fasting glucose (mmol/L) 5.0 � 0.1
120-min glucose (mmol/L) 6.2 � 0.2
Insulin sensitivity index 3.74 � 0.22

NOTE. Data are means � SEM. Insulin sensitivity index determined
ccording to Matsuda and DeFronzo.19

Table 2. Characteristics of 40 Subjects Before and After

Endurance Training

Before Training After Training

Sex (F/M) 25/15 —
Age (yr) 58 � 1 —
Weight (kg) 79.8 � 2.2 78.7 � 2.2*
BMI (kg/m2) 27.8 � 0.6 27.4 � 0.6*
VO2max (L/min) 2.0 � 0.1 2.3 � 0.1*
VO2max (mL/kg/min) 25 � 1 29 � 1*
Fasting NOx (�mol/L) 15.5 � 1.1 15.3 � 1.1
Fasting insulin (pmol/L) 82 � 4 70.8 � 4*
Fasting glucose (mmol/L) 5.0 � 0.1 5.0 � 0.1
120-min glucose (mmol/L) 6.1 � 0.3 5.7 � 0.3*
Insulin sensitivity index 3.75 � 0.32 4.47 � 0.29*

NOTE. Data are means � SEM. Insulin sensitivity index determined
ccording to Matsuda and DeFronzo.19
t*Different from before training at P � .05
lasma glucose concentrations at most OGTT time points
Fig 3).

Effects of endurance training on plasma NOx response to the
ral glucose load. NOx time-to-minimum occurred later dur-
ng the OGTT after training versus before training (94 � 9 v
14 � 9 min for the before and after training tests, respectively;
� .04) (Fig 4). Neither NOx AREA nor �NOx changed in

esponse to endurance training. Furthermore, NOx concentra-
ions at individual OGTT time points were not affected by
ndurance training.

Association between training-induced changes in NOx re-
ponse and glucose and insulin responses to the oral glucose
oad. None of changes in OGTT NOx indices with training
ere associated with changes in insulin AUCtotal or insulin
UCpartial (Table 3). However, training-induced changes in
lucose AUCtotal were positively related to changes in NOx

REA (r � .42, P � .007) and �NOx (r � .37, P � .02), which
ndicates that individuals who demonstrated the largest train-
ng-induced reductions in the OGTT glucose response also had

Fig 1. Time-dependent change in plasma NOx in response to an

ral glucose load in 64 sedentary subjects. NOx, nitrate/nitrite. Bars

epresent SEM. *P < .05 v NOx at 0 minutes and NOx at 30 minutes.

Fig 2. Plasma insulin response to an oral glucose load in 40

ubjects before and after endurance exercise training. *P < .05 be-
ween before training and after training at a given OGTT time point.



t
(
u
N
i
t
N
r
(
.
.

s
o
o
t
w
d
t

R

d
g
i
g
c
l
p
m
s
p
i
o

r
t
l
e
p
s
K
c
r
a
d
g
5
t
s
m
t

N
h
t
p
f
d
s
a
g
t
t
s
t
i
a
p

t
w

s

t

676 WEISS ET AL
he greatest upward shifts in the OGTT NOx response curves
ie, if the glucose curve shifts downward, the NOx curve shifts
pward). Furthermore, the training-induced changes in ISI and
Ox AREA were negatively related (r � �.32, P � .05)

ndicating that individuals who increased ISI with training
ended to have training-induced upward shifts in their OGTT
Ox curves. The training-induced changes in V̇O2max were not

elated to changes in NOx AREA (r � .02, P � .91), �NOx

r � .06, P � .71) or NOx time-to-minimum (r � �.07, P �
67) or with fasting plasma NOx concentrations (r � �.03, P �
88).

DISCUSSION

Sedentary, middle- to older-aged men and women were
tudied to determine the plasma NOx response to a physiologic
ral glucose load and to determine if the NOx response to an
ral glucose load is related to the insulin and glucose responses
o an oral glucose load. Furthermore, a subset of men and
omen underwent endurance-exercise training for 6 months to
etermine the effect of endurance training on the NOx response
o oral glucose.

esponses to Oral Glucose in Sedentary Individuals

A reasonable case can be made to suggest that NO pro-
uction should increase postprandially to facilitate blood
lucose disposal. In theory, postprandial hyperinsulinemia
ncreases systemic NO production which, in turn, facilitates
lucose disposal via its effects on muscle blood flow,1

ellular glucose uptake,2 and systemic insulin and glucagon
evels.4,5 Despite these premises, we failed to identify a
ostprandial increase in systemic NO production as deter-
ined by plasma NOx concentrations. Furthermore, our data

uggest that systemic NO production acutely decreases post-
randially as evidenced by a small, but significant, decrease
n plasma NOx concentrations in the 60 minutes following
ral glucose ingestion.

Fig 3. Plasma glucose response to an oral glucose load in 40

ubjects before and after endurance exercise training. *P < .05 be-

ween before training and after training at a given OGTT time point.
The only others to report the plasma NOx concentration b
esponse to an oral glucose load were Kawano et al,6 however,
hey studied patients with CVD who might have had endothe-
ial dysfunction as is often found in CVD patients7,8; and
ndothelial dysfunction could possibly explain the lack of a
ostprandial increase in plasma NOx concentration in their
tudy. The present study, however, advances the findings of
awano et al6 in that our CVD-free subjects exhibited a de-

rease, rather than an increase, in plasma NOx concentrations in
esponse to an oral glucose load. It is perhaps noteworthy that
lthough Kawano et al6 did not detect a statistically significant
ecline in plasma NOx concentrations in response to an oral
lucose load, mean plasma NOx concentrations decreased by
% to 7%, which is a relative decrease of similar magnitude to
he statistically significant 8% decrease found in the present
tudy. The 3-fold larger sample size used in the present study
ay be the reason for the difference in statistical results be-

ween the present study and that of Kawano et al.6

While the reason for the postprandial decrease in plasma
Ox concentrations is not clear, it is possible that acute
yperglycemia impairs systemic NO production. Although
oo little evidence is available to conclude with regard to this
ossibility, it is worthwhile to note that several studies have
ound that an oral glucose load impairs endothelium-depen-
ent vasodilation.21-23 Because endothelium-dependent va-
odilation is thought to depend primarily on NO production
nd signaling, these studies suggest that physiologic hyper-
lycemia impairs NO production and/or NO signaling. Fur-
hermore, in cultured endothelial cells, it has been shown
hat physiologic glucose concentrations fully mitigate the
timulatory effects of insulin on endothelial NO produc-
ion.10 The results of the present study support the possibil-
ty that an oral glucose load reduces systemic NO production
nd suggest that NO production is not increased to facilitate
ostprandial blood glucose disposal.
If plasma glucose concentrations do influence NO produc-

ion, it might be expected that plasma NOx concentrations
ould be restored to basal levels in a time course that is similar

Fig 4. Plasma NOx response to an oral glucose load in 40 subjects
efore and after endurance exercise training.
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677NITRATE/NITRITE RESPONSE TO ORAL GLUCOSE
o that for the restoration of plasma glucose levels to baseline
alues. In the present study, however, plasma NOx concentra-
ions remained below baseline levels despite the fact the plasma
lucose concentrations had returned to baseline values. While it
s not clear why the time courses for plasma glucose and NOx

ecovery are not parallel in the present study, it is possible that
hanges in plasma NOx concentrations lag behind those for
lasma glucose concentrations. Indeed, during the early stages
f the OGTT, plasma glucose concentrations peaked by the
0-minute time point, while the decrease in plasma NOx con-
entration was not complete until the 60-minute time point. If
similar time-lag is maintained during the 3 to 4 hours after

lucose ingestion, plasma NOx concentrations would not be
xpected to return to baseline until after the OGTT was termi-
ated, because plasma glucose values in the present study did
ot return to baseline values until the end of the 180-minute
est.

Because NO production has been suggested to be part of the
echanism for insulin-mediated glucose disposal,24 we hy-

othesized that the NOx response to oral glucose would be
ssociated with the plasma insulin response. NOx decreased in
esponse to the oral glucose, rather than increasing, as we
ypothesized. Furthermore, the NOx and insulin responses to a
lucose load were not correlated (data not shown). These data
uggest that physiologic hyperinsulinemia, in the presence of
hysiologic hyperglycemia, is not related to circulatory NO
roduction.

ndurance Training Responses

To date, no studies have assessed the effect of endurance
raining on the plasma NOx concentration response to an oral
lucose load. Endurance training was hypothesized to alter the
Ox response to an oral glucose load because it is thought that

nsulin is involved in NO production in vivo25-28 and because
he insulin response to oral glucose is attenuated with endur-
nce training.29,30 Training resulted in clear improvements in
nsulin action as evidenced by a 19% increase in ISI, a 23%
ecrease in insulin AUCtotal, and a 6% decrease in glucose
UCtotal. However, while the OGTT NOx time-to-minimum
ccurred 20 minutes later as a result of endurance training,
raining did not affect NOx AREA or �NOx. Taken together,
hese findings suggest that circulating NO and its control sys-
ems are not involved in training-induced adaptations in post-
randial glucose control.
Despite the lack of training-induced changes in the NOx

esponse to oral glucose for the group as a whole, it is inter-
sting to note that the individual responses varied widely with

Table 3. Correlation Matrix for Training-Induced Changes in Indices

Chang
AREA (�mol/L

Change in insulin AUCtotal (�mol/L � min) 0.11
Change in insulin AUCpartial (�mol/L � min) 0.08
Change in glucose AUCtotal (mmol/L � min � 103) 0.42
Change in glucose AUCpartial (mmol/L � min � 103) 0.24
Change in ISI �0.32

NOTE. Values are Pearson correlation coefficients with correspond
ome individuals demonstrating large decreases in NOx AREA, n
hile others increased (range, �13.8 to 4.7 �mol/L � min �
02). To identify potential determinants of individual changes
n NOx response to oral glucose, we assessed the associations
etween glucoregulatory indices and the OGTT NOx response
nd found weak to moderate associations between training-
nduced changes in glucose AUCtotal and training-induced
hanges in NOx AREA and �NOx. These correlations suggest
hat training-induced attenuations in the OGTT glucose re-
ponse are associated with training-induced upward shifts in
he OGTT NOx response curves. Despite the association be-
ween training-induced changes in glucose AUCtotal and OGTT
Ox response indices, training-induced changes in the OGTT

nsulin response indices were not associated with changes in
ny of the OGTT NOx response indices.

imitations

An assumption in our study is that a change in venous
lasma NOx concentration reflects a change in NO production
n vivo. Several studies have concluded that changes in plasma
Ox concentrations validly reflect changes in NO produc-

ion16,17,31,32; however, it has been suggested that because NOx

s distributed in a large volume pool, only large changes in NO
roduction would be detectable.16,17 Despite the low sensitivity
f plasma NOx concentration to changes in NO production, we
emonstrated a small, but significant, reduction in NOx levels
n response to an oral glucose load.

Another limitation in the present study is that decreases in
irculating NOx during the OGTT may simply reflect diurnal
ariation in plasma NOx concentrations. While this possi-
ility cannot be fully ruled out, it seems an unlikely expla-
ation because 2 studies have demonstrated that circulating
Ox concentrations increase during daytime hours after

eaching a nadir during the early morning sleeping
ours,33,34 and 2 additional studies reported that plasma NOx

oncentrations do not exhibit diurnal variation.35,36 OGTTs
n the present study were started in the morning waking
ours between 6:30 AM and 9 AM and concluded between 10
M and 12:30 PM. Therefore, diurnal variation in circulating
Ox concentrations, if existent at all, would counter the
ecreases in plasma NOx concentrations reported in the
resent study, not explain them. Lastly, because all of the
ecreases in plasma NOx concentrations during the OGTT
ccurred during the 0- to 60-minute time periods of the
GTT and then remained constant through the rest of the
80-minute test, it seems unlikely that this rapid and time-
oint specific change is reflective of diurnal change.
In conclusion, it appears that production of circulating NO is

e NOx Response to Oral Glucose Load and Glucoregulatory Indices

x

n � 102)
Change in

�NOx (�mol/L)
Change in NOx

time-to-minimum (min)
Change in Fasting

NOx (�mol/L)

0.16 (.32) 0.25 (.12) 0.09 (.60)
0.14 (.38) 0.24 (.14) 0.10 (.55)

) 0.37 (.02) �0.05 (.75) �0.06 (.73)
0.27 (.09) �0.07 (.69) 0.02 (.89)

�0.27 (.10) 0.01 (.95) �0.09 (.57)

values in parentheses.
of th

e in NO
� mi

(.51)
(.64)
(�.01
(.14)
(.05)
ot a major contributor to glucoregulatory function in seden-
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ary, nondiabetic, middle- to older-aged men and women fol-
owing a physiologic glucose load and that the NOx response
fter a physiologic glucose load is not related to the OGTT
nsulin or glucose responses.

In response to endurance training, however, it appears that
he time required to reach minimum NOx levels after a glucose
oad is greater after training. Furthermore, although the mag-
itude of NOx response (as indicated by NOx AREA and

NOx) to an oral glucose load does not appear to change with t
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