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Obesity and sympathetic nerve activity

Muscle sympathetic nerve activity
and hemodynamic alterations in
middle-aged obese women
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Abstract

To study the relationship between the sympathetic nerve activity and
hemodynamic alterations in obesity, we simultaneously measured
muscle sympathetic nerve activity (MSNA), blood pressure, and
forearm blood flow (FBF) in obese and lean individuals. Fifteen
normotensive obese women (BMI = 32.5 ± 0.5 kg/m2) and 11 age-
matched normotensive lean women (BMI = 22.7 ± 1.0 kg/m2) were
studied. MSNA was evaluated directly from the peroneal nerve by
microneurography, FBF was measured by venous occlusion plethys-
mography, and blood pressure was measured noninvasively by an
autonomic blood pressure cuff. MSNA was significantly increased in
obese women when compared with lean control women. Forearm
vascular resistance and blood pressure were significantly higher in
obese women than in lean women. FBF was significantly lower in
obese women. BMI was directly and significantly correlated with
MSNA, blood pressure, and forearm vascular resistance levels, but
inversely and significantly correlated with FBF levels. Obesity in-
creases sympathetic nerve activity and muscle vascular resistance, and
reduces muscle blood flow. These alterations, taken together, may
explain the higher blood pressure levels in obese women when com-
pared with lean age-matched women.
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Obesity is associated with hypertension,
diabetes and dyslipidemia, and, in conse-
quence, cardiovascular disease (1-4). In obese
individuals, the hyperinsulinemia provoked
by insulin resistance increases sympathetic
nerve activity, which seems to link obesity to
high blood pressure. Interesting, however, is
the fact that not all obese individuals are
hypertensive. The hypertensive effect of obe-
sity is lower in Pima Indians, Hispanic Ameri-

cans and African Americans than it is in
Whites (5,6). Besides, even among Whites,
not all obese individuals are hypertensive.
Therefore, it is likely that the levels of blood
pressure may be related to the etiology of
obesity and/or the genetic mechanisms of
obesity (7,8).

It has been described that obese individu-
als have vascular dysfunction. The peripher-
al blood flow (9) and the vasodilatory re-
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sponse during mental stress are reduced in
obese individuals (10). The mechanisms un-
derlying these hemodynamic responses are
unclear, but may be related to insulin resis-
tance and/or endothelial dysfunction. Alter-
natively, to our understanding, there is a
possibility that the increased sympathetic
nerve activity also plays a role in the reduced
peripheral blood flow in obese individuals.

In an attempt to obtain more insights into
the potential functional consequences of in-
creased sympathetic nerve activity in obe-
sity, we simultaneously measured muscle
sympathetic nerve activity, blood pressure,
and forearm blood flow in obese and lean
individuals.

After written informed consent was ob-
tained, a total of 15 normotensive obese
women (age 34 ± 1.4 years, BMI 32.5 ± 0.5
kg/m2), admitted to the Clinical Endocrinol-
ogy Center for Women of the General Clini-
cal Hospital, University of São Paulo, and 11
age-matched normotensive lean women (age
36 ± 2.6 years, BMI 22.7 ± 1.0 kg/m2) par-
ticipated in this study. The individuals
were classified as normotensive according
to the criteria of the Joint National Commit-
tee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure (11).

All individuals had normal glucose toler-
ance and none were taking any medication
or had any evidence of metabolic or cardio-
vascular disease at the time of the study. The
study protocol was approved by the Human
Subject Protection Committees of the Heart
Institute and Clinical Hospital, School of
Medicine, University of São Paulo. Obese
and lean women abstained from caffeine for
24 h before the study, which was conducted
in the postabsorptive state.

Muscle sympathetic nerve activity was
directly measured from the peroneal nerve
by microneurography (12). Multiunit post-
ganglionic muscle sympathetic nerve record-
ings were obtained using a tungsten micro-
electrode (5 to 15 µm tip diameter). The
signals were amplified by a factor of 50,000

to 100,000 and bandpass filtered (700 to
2000 Hz). For the recordings, muscle sym-
pathetic nerve activity was determined as the
integrated average (in µvolts) of the signal
amplitude, U(t), over a period of 0.1 s, i.e., as

t ò
t+1 U(t)dt/0.1 s. For analysis, muscle sym-

pathetic nerve activity was evaluated by num-
ber of bursts per minute. Forearm blood flow
was measured by venous occlusion plethys-
mography with the arm elevated above the
heart level. A mercury-filled silastic tube
attached to a low-pressure transducer was
placed around the forearm and connected to
a plethysmograph (Hokanson, Bellevue, WA,
USA). Sphygmomanometer cuffs were
placed around the wrist and upper arm. At
15-s intervals, the upper cuff was inflated
above venous pressure for 7 to 8 s. Forearm
blood flow (ml min-1 100 ml tissue-1) was
determined on the basis of a minimum of
four separate readings. Forearm vascular re-
sistance (units) was calculated by dividing
mean arterial pressure by forearm blood flow.
Blood pressure was monitored noninvasively
with a finger arterial blood pressure monitor
(FINAPRES, Ohmeda, Englewood, CO,
USA). Heart rate was monitored continu-
ously through lead II of the ECG.

Baseline data of muscle sympathetic nerve
activity, forearm blood flow, mean blood
pressure, forearm vascular resistance, and
heart rate for obese and lean women were
compared by the unpaired Student t-test.
The Pearson correlation coefficient was used
to evaluate the correlation between variables,
with the level of significance set at P<0.05.
Data concerning muscle sympathetic nerve
activity, forearm blood flow, mean blood
pressure, forearm vascular resistance, and
heart rate are presented as mean ± SEM.

Baseline measurements of muscle sym-
pathetic nerve activity, forearm vascular re-
sistance, forearm blood flow, blood pressure
and heart rate are shown in Table 1. Muscle
sympathetic nerve activity was significantly
increased in obese women when compared
with lean women. Forearm vascular resis-
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tance was significantly higher and forearm
blood flow was significantly lower in obese
women than in lean women. Although obese
women were normotensive, their systolic,
mean and diastolic blood pressure levels
were significantly higher than those of age-
matched normotensive lean women. Heart
rate was similar for the two groups studied.

Further analysis showed that body mass
index was directly and significantly corre-
lated with muscle sympathetic nerve activity
(Figure 1A), mean blood pressure (Figure
1B), and forearm vascular resistance (Figure
1C), but inversely and significantly corre-
lated with forearm blood flow (Figure 1D).
In addition, muscle sympathetic nerve activ-
ity showed a strong tendency toward a direct
correlation with forearm vascular resistance
(r = 0.35, P<0.09).

The main finding of the present study is
that obesity increases muscle sympathetic
nerve activity in women. Besides, this in-
crease in sympathetic nerve activity seems to
have hemodynamic implications because
obese women have higher muscle vascular
resistance and blood pressure levels and
lower muscle blood flow than lean age-
matched women.

We used direct intraneural recordings to
measure sympathetic nerve activity, an ap-
proach that allowed us to evaluate the tonic
control of peripheral sympathetic nerve ac-
tivity in both obese and lean women. The
increase in sympathetic nerve activity in
obese women has also been reported for
other groups of obese individuals (13-15).
This alteration in sympathetic nerve activity
has been explained by the increase in insulin
resistance/hyperinsulinemia or, alternatively,
baroreflex dysfunction (16-18). The acute
elevation of plasma insulin levels in humans
provokes an increase in sympathetic nerve
activity as evaluated by plasma norepineph-
rine or, more recently, by direct microneu-
rography recordings. Reduction in body
weight by a low-calorie diet seems to restore
baroreflex control of heart rate and muscle

Table 1 - Baseline measurements of muscle sympathetic nerve activity (MSNA),
forearm vascular resistance (FVR), forearm blood flow (FBF), systolic (SBP), diastolic
(DBP) and mean blood pressures (MBP), and heart rate (HR) in obese and lean women.

Data are reported as means ± SEM. P = Statistical difference between groups
(unpaired Student t-test).

Lean Obese  P

MSNA (bursts/min) 27 ± 1.5 35 ± 1.8 0.002
FVR (units) 41 ± 3.0 57 ± 4.0 0.006
FBF (ml min-1 100 ml-1) 2.1 ± 0.1 1.7 ± 0.1 0.04
SBP (mmHg) 121 ± 3.6 137 ± 2.6 0.001
DBP (mmHg) 64 ± 2.7 74 ± 2.6 0.01
MBP (mmHg) 83 ± 2.4 94 ± 2.3 0.004
HR (beats/min) 67 ± 2.4 70 ± 1.8 0.2
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Figure 1 - Correlation between body mass index (BMI) and muscle sympathetic nerve
activity (MSNA, panel A), mean blood pressure (MBP, panel B), forearm vascular resistance
(FVR, panel C), and forearm blood flow (FBF, panel D) in middle-aged obese women. The
Pearson correlation coefficient was used to evaluate the correlation between variables.

sympathetic nerve activity in obese indi-
viduals (19). More recently, however, it has
been elegantly demonstrated that obstruc-
tive sleep apnea plays a role in the aug-
mented sympathetic nerve activity in obe-
sity. Because this factor was not controlled
in the present study, the increased sympa-
thetic nerve activity in the obese individuals
may be explained in part by the obstructive
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sleep apnea.
In the present study, the tendency toward

a significant correlation between muscle sym-
pathetic nerve activity and forearm vascular
resistance may represent one of the factors
contributing to the higher blood pressure
levels found in obese women when com-
pared with age-matched lean women. In ad-
dition, the increased muscle sympathetic
nerve activity may explain the lower forearm
blood flow (9) and the reduced vasodilatory
response during mental stress in obese indi-
viduals (10).

These autonomic and hemodynamic al-
terations in obesity have clinical implica-
tions. They increase the possibility of ad-

verse cardiac events in obese individuals,
especially during conditions in which the
cardiovascular system requires increased
functioning, such as defense reaction or ex-
ercise.

In conclusion, although obesity is not
always associated with hypertension, obe-
sity increases sympathetic nerve activity and
muscle vascular resistance, and reduces
muscle blood flow in middle-aged women.
These alterations may act in concert to in-
crease blood pressure levels in middle-aged
obese women. Although these blood pres-
sure levels are within normal limits, they are
significantly higher in middle-aged obese
women than in middle-aged lean women.
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