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OBJECTIVE — To evaluate the effect of acute hyperglycemia on autonomic nerve function in

normal subjects.

RESEARCH DESIGN AND METHODS — Six healthy volunteers ages 19-32 years un-
derwent paired studies during euglycemia (blood glucose 5.1 = 0.04 mmol/l) and hyperglyce-
mia (blood glucose 15.7 = 0.48 mmol/l) induced by intravenous infusion of glucose and
maintained for 150 min. The order of the two studies was randomized. In each experiment,
supine heart rate, heart rate variation with respiration, ratio of the maximum to minimum R-R
interval after standing (“30:15” ratio), systolic blood pressure response to standing, and diastolic
blood pressure response to sustained handgrip were measured. Data were analyzed using re-
peated measures analysis of variance.

RESULTS — The supine heart rate was greater (P = 0.04) and the “30:15" ratio less (P = 0.03)
during hyperglycemia than during euglycemia. Hyperglycemia had no significant effect on any of

the other cardiovascular reflex tests.

CONCLUSIONS — These observations indicate that acute hyperglycemia affects autonomic

nerve function in healthy humans.

eripheral and autonomic neuropa-

thy occur frequently in patients with

diabetes, and the risk of these com-
plications is reduced by optimal glycemic
control (1). Autonomic nerve function is
usually evaluated using noninvasive car-
diovascular reflex tests (2). Recent studies
indicate that short-term changes in blood
glucose concentration may influence au-
tonomic nerve function. For example, in
patients with IDDM, gastric emptying is
slower during hyperglycemia than during
euglycemia (3) and is accelerated during
hypoglycemia (4). In normal subjects, the
secretion of pancreatic polypeptide is
suppressed by acute hyperglycemia, con-
sistent with a reduction in vagal activity
(5). In patients with IDDM, acute hyper-
glycemia slows peripheral nerve conduc-

tion velocity (6). Somewhat surprisingly,
the effects of acute hyperglycemia on au-
tonomic nerve function have not been
previously evaluated. We have therefore
assessed the effects of hyperglycemia on
cardiovascular autonomic function in
normal subjects.

RESEARCH DESIGN AND
METHODS

Subjects

Six healthy volunteers (five women, one
man), mean age 24 years (range 19-32)
and mean BMI 21.6 (range 18.9-26.4),
were studied. In each subject, studies
were performed during euglycemia and
hyperglycemia in a single-blind random-
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ized order. The two studies were sepa-
rated by at least 1 week.

Evaluation of autonomic nerve
function

Autonomic nerve function was evaluated
using the following standardized cardio-
vascular reflex tests (2).

Heart rate variation with respiration
(test of parasympathetic function). Each
subject was instructed to breathe in over
5 sand out over 5 s, over a L-min period.
The difference between maximum and
minimum heart rate was calculated (2).
Heart rate response to standing “30:15”
ratio (test of parasympathetic function).
Each subject was asked to stand quickly
from a supine position. The ratio of the
maximum R-R interval, occurring at or
around the 30th beat, and the minimum
R-R interval, occurring at or around the
15th beat after standing, was calculated
).

Systolic blood pressure response to
standing (test of sympathetic function).
Systolic blood pressure was measured at
baseline and at 1 and 2 min after standing
from a supine position (2), using a semi-
automated noninvasive blood pressure
monitor (Critikon Dinamap 8100, John-
son and Johnson).

Blood pressure response to sustained
handgrip (test of sympathetic function).
A handgrip dynamometer was con-
structed using a standard blood pressure
cuff and mercury sphygmomanometer.
Each subject was initially asked to exert
maximum handgrip force to determine
the grip pressure that represented maxi-
mum exertion and was subsequently
asked to maintain 30% of maximum
handgrip for 5 min while blood pressure
was recorded at 1-min intervals (2). Be-
cause two subjects were able to maintain
handgrip for only 4 of the 5 min, when
comparing the effect of euglycemia and
hyperglycemia, only readings obtained at
0,1, 2, 3, and 4 min were analyzed.
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Protocol

Each study commenced at 0900 after an
overnight fast and abstinence from alco-
hol, cafleine, smoking, and heavy exercise
for at least 24 h. With the subject recum-
bent, an intravenous cannula was placed
in an antecubital vein of the left arm for
blood sampling. A second cannula was
placed in the right forearm for intrave-
nous infusions. In the study performed
during hyperglycemia, 25% glucose was
given as an initial 150-ml bolus, followed
hy an infusion at a variable rate to main-
tain the blood glucose concentration at
~15 mmol/l for the subsequent 150 min.
In the study performed during euglyce-
mia, 0.9% sodium chloride was given as
an initial 150-ml bolus, followed by an
infusion at a rate of 100 ml/h for 150 min.
The resting supine heart rate, the heart
rate variation with respiration, the heart
rate response to standing, and the systolic
blood pressure response to standing were
measured immediately before com-
mencement of the infusions (baseline)
and subsequently every 15 min for 2 h.
The resting supine heart rate was calcu-
lated as the mean of 30 R-R intervals re-
corded while subjects were supine before
standing for measurement of the “30:15”
ratio. The diastolic blood pressure re-
sponse to sustained handgrip was evalu-
ated twice between 120 and 150 min. Ve-
nous blood samples were taken at
baseline and subsequently at least every
10 min for 150 min. Blood glucose con-
centrations were initially measured using
a portable blood glucose meter (Medis-
ense Companion 2 Glucometer, Medis-
ense, Waltman, MA), and the accuracy of
these measurements was subsequently
confirmed using a hexokinase technique.

Statistical analysis

Data were evaluated using repeated mea-
sures analysis of variance with contrasts
(to compare specific time points) and lin-
ear regression analysis and are shown as
means £ SE. A P value of <0.05 was con-
sidered significant.

RESULTS — The studies were well tol-
crated in all subjects, and no subject re-
ported a need to urinate. The mean blood
glucose was 5.1 £ 0.04 mmol/l during
saline infusionand 15.7 = 0.48 mmol/lin
the studies performed during hyperglyce-
mia. A total of 406 * 4 ml was infused in
the studies performed during euglycemia
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Figure 1—Supine resting heart rate (A); heart rate response to standing, “30:15” ratio (B); heart rate
at beat 15 (“15”) and beat 30 (“30”) after standing (C); and diastolic blood pressure response to
submaximal handgrip (D) during hyperglycemia (@) and euglycemia (). Data are means = SE. “P <
0.05 ¢f. baseline; #P < 0.05, hyperglycemia vs. euglycemia; ##P < 0.01 hyperglycemia vs. cuglycemia.

and 693 * 42 ml in the studies performed
during hyperglycemia (P < 0.01).

Heart rate

Supine heart rate did not change signifi-
cantly during saline infusion but in-
creased during hyperglycemia (P = 0.02).
The heart rate was greater (P = 0.04) dur-
ing hyperglycemia than during euglyce-
mia (Figure 1A). During hyperglycemia,
the change in heart rate from baseline did
not correlate significantly with the vol-
ume of fluid infused.

Parasympathetic function

The “30:15” ratio did not change signifi-
cantly during saline infusion but de-
creased (P = 0.003) during hyperglyce-
mia. The “30:15” ratio was less (P = 0.03)
during hyperglycemia than during eugly-
cemia (Fig. 1B). The change in the “30:15”
ratio reflected an increase (P = 0.02) in
heart rate at or around beat 15 associated
with a greater increase (P = 0.001) in
heart rate at or around beat 30 during hy-
perglycemia when compared with eugly-
cemia (Fig. 1C). The heart rate variation
with deep breathing did not change dur-
ing either euglycemia (P = 0.44) or hy-
perglycemia (P = 0.98), and there was no

difference between the two studies (data
not shown).

Sympathetic function

There was no significant difference (P ==
0.49) between euglycemia and hyper-
glycemia in the systolic blood pressure
response to standing (data not shown).
Submaximal handgrip resulted in a pro-
gressive increase (P < 0.01) in diastolic
blood pressure, but there was no differ-
ence in the response between euglycemia
and hyperglycemia (Fig. 1D).

CONCLUSIONS — We have demon-
strated that acute hyperglycemia in-
creases the supine heart rate and affects
cardiovascular autonomic nerve function
in normal subjects. The increase in heart
rate during hyperglycemia may reflect re-
duced parasympathetic activity or stimu-
lation of B-adrenergic mechanisms. How-
ever, since the “30:15" ratio is a specific
test of vagal parasympathetic function
and is unaffected by age or resting heart
rate (2), our observations strongly suggest
that hyperglycemia suppresses vagal
function. Our study was designed to eval-
uate the effects of hyperglycemia on tests
of cardiovascular autonomic function that
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Hyperglycemia, autonomic nerve function

are used clinically. The absence of an ef-
fect of hyperglycemia on the second test
of parasympathetic function, the heart
rate response to deep breathing, may re-
flect the substantial interindividual varia-
tion in this test, given that only a relatively
small number of subjects was studied. We
were also unable to demonstrate any effect
of acute hyperglycemia on the two tests of
sympathetic function, but the latter are
relatively insensitive (2). It must therefore
be recognized that a more subtle effect of
hyperglycemia on sympathetic function
cannot be excluded.

Potential mechanisms by which
acute hyperglycemia may affect nerve
function have been reviewed (7). Hyper-
glycemia is associated with the activation
of the polyol pathway, with resultant ac-
cumulation of sorbitol and depletion of
myoinositol that lead to a reduction in
Na*-K+*-ATPase activity, which may re-
sult in the slowing of peripheral nerve
conduction (7). Growth factors, endo-
neurial hypoxia, and glycosylation end
products may also be important (7). Hy-
perglycemia may also have a central ac-
tion to reduce vagal efferent activity (8).
During euglycemia, hyperinsulinemia
does not affect heart rate in healthy sub-
jects (9), suggesting that the more rapid
heart rate during hyperglycemia observed
in our study is unlikely to be the conse-
quence of secondary hyperinsulinemia.
This conclusion is supported by studies
indicating that insulin is not responsible
for the effects of hyperglycemia on gastro-
intestinal motility (3,10). The increase in
resting heart rate during hyperglycemia is
also unlikely to reflect an increase in
plasma catecholamine concentrations

1.

While the volume of glucose given
in studies performed during hyperglyce-
mia was greater than the amount of saline
infused during euglycemia, because of the
interindividual variation in the amount of
intravenous glucose required to maintain
hyperglycemia, the rates of infusion of
both saline and glucose were below the
threshold at which volume expansion has
been reported to affect heart rate re-
sponses (12,13). It is also possible, but
unlikely, that a relative increase in plasma
osmolality during hyperglycemia may
have resulted in altered nerve function.

In view of our observations, the
effects of hyperglycemia on cardiovascu-
lar autonomic nerve function in patients
with diabetes require evaluation. It will
also be appropriate to determine whether
changes in blood glucose concentration
within the physiological range affect auto-
nomic nerve function, as suggested by re-
cent studies (10). The potential effects of
the blood glucose concentration may
need to be taken into account when auto-
nomic nerve function is evaluated in pa-
tients with diabetes.
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