
 281:469-475, 2001. Am J Physiol Heart Circ Physiol
Antonio Carlos P. Barretto, Alfredo Halpern and Sandra M. F. Villares 
Ribeiro, Maria Urbana P. Brandão Rondon, Taís Tinucci, Cláudia L. M. Forjaz, 
Carlos Eduardo Negrão, Ivani C. Trombetta, Luciana T. Batalha, Maurício Maltez

 You might find this additional information useful...

21 articles, 13 of which you can access free at: This article cites 
 http://ajpheart.physiology.org/cgi/content/full/281/2/H469#BIBL

7 other HighWire hosted articles, the first 5 are: This article has been cited by 

  
 [PDF]  [Full Text]  [Abstract]

, August 7, 2003; 285 (3): H974-H982. Am J Physiol Heart Circ Physiol
Gowdak, A. C. P. Barretto, A. Halpern, S. M. F. Villares and C. E. Negrao 
I. C. Trombetta, L. T. Batalha, M. U. P. B. Rondon, M. C. Laterza, F. H. S. Kuniyoshi, M. M. G.

 Weight loss improves neurovascular and muscle metaboreflex control in obesity
  

 [PDF]  [Full Text]  [Abstract]
, March 1, 2005; 98 (3): 866-871. J Appl Physiol

L. Wajchenberg, D. Mion Jr and C. L. M. Forjaz 
V. A. F. Bisquolo, C. G. Cardoso Jr., K. C. Ortega, J. L. Gusmao, T. Tinucci, C. E. Negrao, B.

 acute euglycemic hyperinsulinemia
Previous exercise attenuates muscle sympathetic activity and increases blood flow during
  

 [PDF]  [Full Text]  [Abstract]
, March 1, 2005; 98 (3): 787-794. J Appl Physiol

Negrao 
Alves, A. C. Santos, P. C. Brum, A. C. P. Barretto, A. Halpern, S. M. F. Villares and C. E. 
I. C. Trombetta, L. T. Batalha, M. U. P. B. Rondon, M. C. Laterza, E. Frazzatto, M. J. N. N.

 responses to mental stress and handgrip in humans
Gly16 + Glu27 {beta}2-adrenoceptor polymorphisms cause increased forearm blood flow
  

 [PDF]  [Full Text]  [Abstract]
, October 1, 2008; 295 (4): R1188-R1194. Am J Physiol Regulatory Integrative Comp Physiol

J. Park, V. M. Campese and H. R. Middlekauff 
 Exercise pressor reflex in humans with end-stage renal disease

  
 [PDF]  [Full Text]  [Abstract]

, March 1, 2009; 296 (3): R715-R721. Am J Physiol Regulatory Integrative Comp Physiol
B. L. Hodnett, J. A. Dearman, C. B. Carter and R. L. Hester 

 Attenuated PGI2 synthesis in obese Zucker rats

on the following topics: 
 http://highwire.stanford.edu/lists/artbytopic.dtlcan be found at Medline items on this article's topics 

Medicine .. Obese Women 
Medicine .. Obesity 
Medicine .. Exertion 
Medicine .. Exercise 
Medicine .. Fitness (Physical Activity) 
Physiology .. Blood Circulation 

including high-resolution figures, can be found at: Updated information and services 
 http://ajpheart.physiology.org/cgi/content/full/281/2/H469

 can be found at: AJP - Heart and Circulatory Physiologyabout Additional material and information 
 http://www.the-aps.org/publications/ajpheart

This information is current as of April 27, 2010 . 
  

 http://www.the-aps.org/.ISSN: 0363-6135, ESSN: 1522-1539. Visit our website at 
Physiological Society, 9650 Rockville Pike, Bethesda MD 20814-3991. Copyright © 2005 by the American Physiological Society. 
intact animal to the cellular, subcellular, and molecular levels. It is published 12 times a year (monthly) by the American
lymphatics, including experimental and theoretical studies of cardiovascular function at all levels of organization ranging from the 

 publishes original investigations on the physiology of the heart, blood vessels, andAJP - Heart and Circulatory Physiology

 on A
pril 27, 2010 

ajpheart.physiology.org
D

ow
nloaded from

 

http://ajpheart.physiology.org/cgi/content/full/281/2/H469#BIBL
http://ajpregu.physiology.org/cgi/content/abstract/296/3/R715
http://ajpregu.physiology.org/cgi/content/full/296/3/R715
http://ajpregu.physiology.org/cgi/reprint/296/3/R715
http://ajpregu.physiology.org/cgi/content/abstract/295/4/R1188
http://ajpregu.physiology.org/cgi/content/full/295/4/R1188
http://ajpregu.physiology.org/cgi/reprint/295/4/R1188
http://jap.physiology.org/cgi/content/abstract/98/3/787
http://jap.physiology.org/cgi/content/full/98/3/787
http://jap.physiology.org/cgi/reprint/98/3/787
http://jap.physiology.org/cgi/content/abstract/98/3/866
http://jap.physiology.org/cgi/content/full/98/3/866
http://jap.physiology.org/cgi/reprint/98/3/866
http://ajpheart.physiology.org/cgi/content/abstract/285/3/H974
http://ajpheart.physiology.org/cgi/content/full/285/3/H974
http://ajpheart.physiology.org/cgi/reprint/285/3/H974
http://highwire.stanford.edu/lists/artbytopic.dtl
http://ajpheart.physiology.org/cgi/content/full/281/2/H469
http://www.the-aps.org/publications/ajpheart
http://www.the-aps.org/
http://ajpheart.physiology.org


Muscle metaboreflex control is diminished in
normotensive obese women
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Negrão, Carlos Eduardo, Ivani C. Trombetta, Luci-
ana T. Batalha, Maurı́cio Maltez Ribeiro, Maria Ur-
bana P. Brandão Rondon, Taı́s Tinucci, Cláudia L. M.
Forjaz, Antonio Carlos P. Barretto, Alfredo Halpern,
and Sandra M. F. Villares. Muscle metaboreflex control is
diminished in normotensive obese women. Am J Physiol
Heart Circ Physiol 281: H469–H475, 2001.—There is no
information about the muscle metaboreflex control in obese
individuals. In 40 normotensive obese women (OW; body
mass index 33.5 6 0.4 kg/m2, age 32.4 6 1.1 yr) and 15
age-matched, normotensive lean women (LW; body mass
index 22.7 6 0.8 kg/m2, age 34.4 6 1.4 yr), we measured
muscle sympathetic nerve activity (MSNA) and forearm
blood flow (FBF) in the nonexercising forearm during static
exercise at 10 and 30% of maximal voluntary contraction
(MVC). Baseline MSNA (38 6 2 vs. 31 6 1 bursts/min, P 5
0.001) and mean blood pressure were significantly higher in
OW compared with LW. FBF was significantly lower,
whereas forearm vascular resistance was significantly higher
in OW. During 10% MVC, MSNA increased similarly in both
groups, but during 30% MVC, MSNA was higher in LW. FBF
and forearm vascular resistance responses during both 10
and 30% MVC were similar between groups. During post-
handgrip circulatory arrest, MSNA remained significantly
elevated compared with baseline in both groups, but this
increase was significantly lower in OW (3.8 6 0.82 vs. 9.4 6
1.03 bursts/min, P 5 0.002). In conclusion, muscle metabore-
flex control of MSNA is blunted in OW. MSNA responses are
not augmented during selective activation of central com-
mand/mechanoreceptors and metaboreceptors, despite in-
creased MSNA levels in OW. Muscle vasodilatory response
during graded handgrip isometric exercise is preserved in
OW.

obesity; sympathetic nerve activity

PREVIOUS STUDIES HAVE DEMONSTRATED that obesity is
linked to autonomic alterations. Muscle sympathetic
nerve activity (MSNA) is increased in obese individuals
when compared with healthy lean individuals (7, 20),

which seems to be mediated by a baroreflex dysfunc-
tion (8). The reduction in body weight with a hypoca-
loric diet improves baroreflex control of heart rate and
MSNA (8). MSNA is increased in obese individuals
with sleep apnea (14). Chemoreflex responses to hyper-
capnia are potentiated in eucapnic obese individuals
(15). However, there is no available information on
functioning of muscle metaboreflex control in obesity.

In lean healthy individuals, the increase in MSNA
during exercise until 10% of maximal voluntary con-
traction (MVC) is mediated by central command/mech-
anoreceptors located in the skeletal muscle (18, 21),
whereas the increase in sympathetic nerve activity
during exercise at 30% of MVC is mediated by central
command/mechanoreceptors and metaboreceptors (18,
21). Because sympathetic nerve activity is increased in
obese individuals, we hypothesized that the responses
of MSNA will be augmented during selective activation
of central command/mechanoreceptors and metabore-
ceptors in obesity.

There is consistent evidence that obese individuals
have abnormal vasodilatory responses. The vasodila-
tory responses during euglycemic-hyperinsulinemic
condition decreased in obese individuals (23). In addi-
tion, the endothelium-dependent vasodilatory response
seems to be impaired in obese individuals (10). How-
ever, the muscle vasodilatory response during selective
activation of central command/mechanoreceptors and
metaboreceptors needs to be demonstrated in obese
individuals.

There were three goals of the present investigation.
The first goal tested the hypothesis that MSNA is
augmented during selective activation of central com-
mand/mechanoreceptors and metaboreceptors in nor-
motensive obese individuals. The second goal tested
the integrity of the muscle metaboreflex control in
normotensive obese individuals. The third goal tested
the hypothesis that the vasodilatory response in the
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contralateral forearm during selective activation of
central command/mechanoreceptors and metaborecep-
tors is reduced in obese individuals compared with
healthy lean individuals.

METHODS

Study Population

After written informed consent was obtained, 40 normo-
tensive obese women (body mass index 33.5 6 0.4 kg/m2, age
32.4 6 1.1 yr) and 15 age-matched normotensive lean women
(body mass index 22.7 6 0.8 kg/m2, age 34.4 6 1.4 yr)
participated in this study. All individuals had normal glucose
tolerance, were taking no medication, and had no evidences
of metabolic or cardiovascular disease at the time of the
study. They had normal blood pressure levels, in accordance
with The Sixth Report of the Joint National Committee on
Detection, Evaluation, and Treatment of High Blood Pres-
sure. 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. Both
groups of women abstained from caffeine for 24 h before the
study. These studies were conducted in the postabsorptive
state.

Measurements and Procedures

MSNA. MSNA was directly measured from the peroneal
nerve using the technique of microneurography (17). Multi-
unit postganglionic muscle sympathetic nerve recordings
were made with the use of a tungsten microeletrode (tip
diameter 5–15 mm). The signal was amplified by a factor of
50,000–100,000 and band-pass filtered (700 to 2,000 Hz). For
recordings and analysis, nerve activity was rectified and
integrated (time constant, 0.1 s) to obtain a mean voltage
display of sympathetic nerve activity that was recorded on
paper. MSNA was evaluated in bursts per minute.

Forearm blood flow. Forearm blood flow was measured by
venous occlusion plethysmography. The arm was 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 plethysmography (Hokanson). Sphygmo-
manometer cuffs were placed around the wrist and upper
arm. At 15-s intervals, the upper cuff was inflated above
venous pressure for 7–8 s. Forearm blood flow
(ml zmin21 z100 g of tissue21) was determined on the basis of
a minimum of four separate readings. Forearm vascular
resistance (units) was calculated by dividing mean arterial
pressure (oscillometrically measured) by forearm blood flow.

Miscellaneous measurements. Blood pressure was moni-
tored noninvasively from an automatic blood pressure cuff.
Heart rate was monitored continuously through lead II of the
electrocardiogram.

Handgrip exercise. After the MVC rate (mean of 3 trials)
was obtained, handgrip isometric exercise was performed
with the dominant arm by using a handgrip dynamometer.
The individuals were instructed to breath normally during
exercise and to avoid inadvertent performance of a Valsalva
maneuver.

Experimental Protocol

Protocol 1: MSNA, forearm blood flow, mean blood pres-
sure, forearm vascular resistance, and heart rate during 10%
handgrip exercise. The purpose of this study was to deter-
mine the magnitude of change in MSNA, forearm blood flow,
mean blood pressure, forearm vascular resistance, and heart

rate during the activation of central command/mechanore-
ceptors in 40 obese individuals and 15 lean healthy individ-
uals. All of the studies were performed in a quiet, tempera-
ture-controlled (21°C) room at approximately the same time
of day. The arm was initially positioned for venous occlusion
plethysmography. The leg was positioned for microneurogra-
phy, and an adequate nerve-recording site was obtained. The
subject then rested for 15 min. Baseline MSNA, forearm
blood flow, mean blood pressure, and heart rate were re-
corded for 3 min. Handgrip exercise was performed for 3 min
at 10% MVC. MSNA, forearm blood flow, mean blood pres-
sure, and heart rate were recorded continuously during all
handgrip exercise.

Protocol 2: MSNA, forearm blood flow, mean blood pres-
sure, forearm vascular resistance, and heart rate during 30%
handgrip exercise. The purpose of this study was to deter-
mine the magnitude of change in MSNA, forearm blood flow,
mean blood pressure, forearm vascular resistance, and heart
rate during the activation of central command/mechanore-
ceptors and chemoreceptors in 40 obese individuals and 15
lean healthy individuals. This study was started after a
15-min rest period to allow all of the physiological parame-
ters to return to baseline. Baseline MSNA, forearm blood
flow, mean blood pressure, and heart rate were recorded for
3 min. Handgrip isometric exercise was performed for 3 min
at 30% MVC. MSNA, blood pressure, forearm blood flow, and
heart rate were recorded continuously during all handgrip
isometric exercise.

Protocol 3: MSNA, forearm blood flow, mean blood pres-
sure, forearm vascular resistance, and heart rate during
postexercise regional circulatory arrest. The purpose of this
study was to determine the magnitude of change in MSNA,
forearm blood flow, mean blood pressure, forearm vascular
resistance, and heart rate during isolated metaboreflex acti-
vation in 40 obese individuals and 15 lean healthy individu-
als. Ten seconds before 30% MVC handgrip isometric exer-
cise ended, the circulation to the exercising forearm was
arrested by inflation of the upper arm occlusion cuff (240
mmHg). Postexercise regional circulatory arrest was contin-
ued for 2 min.

Statistical Analysis

Baseline data of MSNA, forearm blood flow, mean blood
pressure, forearm vascular resistance, and heart rate in
obese women and lean women were compared by Student’s
t-test. P , 0.05 was considered statistically significant. Data
of MSNA, forearm blood flow, mean blood pressure, forearm
vascular resistance, and heart rate are presented as means 6
SE. Data during handgrip isometric exercise or during circu-
latory arrest were subjected to two-way analysis of variance
with repeated measures. When a significant variation was
found, Scheffé’s post hoc comparison was performed. P , 0.05
was considered statistically significant.

RESULTS

Baseline Physiological Parameters

Baseline MSNA, mean blood pressure, forearm blood
flow, forearm vascular resistance, and heart rate are
shown in Table 1. MSNA was significantly higher in
obese individuals than lean individuals (P 5 0.001).
Mean blood pressure was significantly higher in obese
individuals compared with lean healthy individuals
(P 5 0.0036). Forearm blood flow was significantly
lower in obese individuals (P 5 0.02), whereas forearm
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vascular resistance was significantly higher in obese
individuals (P 5 0.0006). Heart rate was similar be-
tween the two groups (P 5 0.16).

Protocol 1: mild isometric exercise. MSNA increased
during mild handgrip isometric exercise in the two
groups (Table 2). Despite the fact that the absolute
levels of MSNA throughout the experimental protocol
were significantly higher in obese individuals than in
lean individuals (Table 2), the responses of MSNA
during mild isometric exercise between these two
groups were similar (Fig. 1A). Mean blood pressure
increased during mild isometric exercise in obese indi-
viduals and lean individuals (Table 2). The absolute
levels of mean blood pressure throughout the experi-
ment protocol were significantly higher in obese indi-
viduals (Table 2), but no significant difference in mean
blood pressure responses during mild isometric exer-
cise between the two groups were found (Fig. 2A).
Forearm blood flow progressively and similarly in-
creased during mild handgrip isometric exercise in
both groups (Table 2). Forearm vascular resistance
decreased during mild handgrip isometric exercise in
obese individuals and lean individuals (Table 2). The
absolute levels of forearm vascular resistance through-
out the experimental protocol were significantly higher
in obese women than in lean individuals (Table 2), but
the response of forearm vascular resistance was simi-

lar between the two groups (Fig. 3A). Heart rate pro-
gressively and similarly increased during isometric
exercise in both groups (Table 2).

Protocol 2: moderate isometric exercise. MSNA pro-
gressively and significantly increased during moderate

Table 1. Baseline measurements

Lean, n 5 15 Obese, n 5 40 P

MSNA, bursts/min 3161 3862* 0.001
MBP, mmHg 9163 10062* 0.0036
FBF, ml zmin21 z100 g21 2.2760.15 1.9060.07* 0.02
FVR, units 4363 5763* 0.0006
HR, beats/min 6662 7062 0.16

Values are means 6 SE; n, no. of female subjects. MSNA, muscle
sympathetic nerve activity; MBP, mean blood pressure; FBF, fore-
arm blood flow; FVR, forearm vascular resistance; and HR, heart
rate. *P , 0.05, between-group comparisons.

Table 2. MSNA, MBP, FVR, FBF, and HR at baseline and during isometric exercise at 10 and 30%
of MVC in normotensive lean women and normotensive obese women

Exercise at 10% MVC Exercise at 30% MVC

Baseline 1 min 2 min 3 min Baseline 1 min 2 min 3 min

MSNA, bursts/min
Lean 3161 3262† 3461† 3562† 3062 3962† 4362† 4562†
Obese 3862* 4061*† 4362*† 4562*† 3861* 4661*† 4962*† 5262*†

MBP, mmHg
Lean 9163 9162 9363 9564 9063 9864† 10364† 10665†
Obese 10062* 10062* 10362* 10362* 9962* 10362*† 11062*† 11862*†

FBF, ml zmin21 z100 g21

Lean 2.360.2 2.460.2† 2.460.2† 2.860.2† 2.260.1 2.760.1† 2.960.2† 3.160.3†
Obese 1.960.1 2.060.1† 2.260.1† 2.360.1† 2.060.1 2.360.1† 2.660.1† 2.860.2†

FVR, units
Lean 4363 4163 4163† 3662† 4263 3862 3863† 3764†
Obese 5763* 5563* 5263*† 4962*† 5362* 4963* 4763*† 4763*†

HR, beats/min
Lean 6662 6863† 6963† 7062† 6762 7163† 7463† 7563†
Obese 7062 7262† 7162† 7362† 7062 7562† 7962† 8262†

Values are means 6 SE. MVC, maximal voluntary contraction. *P , 0.05, between-group comparisons; †P , 0.05, within-group
comparisons.

Fig. 1. A: responses of muscle sympathetic nerve activity during
mild handgrip isometric exercise (10% maximal voluntary contrac-
tion; MVC). Muscle sympathetic nerve activity increased slightly
during exercise in obese individuals and lean individuals. Muscle
sympathetic nerve activity responses throughout mild handgrip iso-
metric exercise were similar between obese individuals and lean
individuals. B: responses of muscle sympathetic nerve activity dur-
ing moderate handgrip isometric exercise (30% MVC). Muscle sym-
pathetic nerve activity increased progressively during moderate iso-
metric exercise in obese individuals and lean individuals. Note,
however, that muscle sympathetic nerve activity responses were
significantly higher throughout exercise in lean individuals com-
pared with obese individuals. †P , 0.05, between-group compari-
sons. *P , 0.05, within-group comparisons vs. baseline.
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handgrip isometric exercise in both groups (Table 2).
The absolute levels of MSNA throughout the experi-
mental protocol were significantly higher in obese in-
dividuals (Table 2). Despite this, the responses of
MSNA were significantly higher in lean individuals
compared with obese individuals (Fig. 1B). Mean blood
pressure progressively and significantly increased dur-
ing moderate handgrip isometric exercise in both
groups. The absolute levels of mean blood pressure
throughout the experimental protocol were signifi-
cantly higher in obese individuals (Table 2), but no
significant differences in mean blood pressure re-
sponses during moderate isometric exercise between
the two groups were found (Fig. 2B). Forearm blood
flow significantly and similarly increased during mod-
erate handgrip isometric exercise in both groups (Table
2). Forearm vascular resistance significantly and sim-
ilarly decreased during the second and third minute of
the moderate handgrip exercise in both groups (Table
2). The absolute levels of forearm vascular resistance
throughout the experimental protocol were signifi-
cantly higher in obese individuals (Table 2). Even so,
the responses of forearm vascular resistance were sim-
ilar between the two groups (Fig. 3B). Heart rate sig-
nificantly and similarly increased during moderate
handgrip isometric exercise in both groups (Table 2).

Protocol 3: posthandgrip circulatory arrest. During
posthandgrip circulatory arrest, MSNA remained sig-
nificantly increased compared with the baseline in both

lean individuals and obese individuals. Despite this,
when the levels of MSNA during circulatory arrest
were compared with the baseline, the responses of
MSNA during the first and second minutes were sig-
nificantly lower in obese women compared with lean
women (Fig. 4).

To eliminate the possible influence of blood pressure
levels on metaboreflex control, the responses of MSNA
during circulatory arrest were studied in a subset of 17
obese individuals with similar blood pressure levels to
those found in lean individuals (obese, 92 6 1.47
mmHg vs. lean, 90 6 1.53 mmHg). In this analysis, the
decreased MSNA during circulatory arrest in obese
individuals was maintained, despite the similar blood
pressure levels between this subset of obese individu-
als and lean individuals (Fig. 5).

DISCUSSION

The novelty of the present study is the fact that
normotensive obese women have lower MSNA re-
sponses during circulatory arrest when compared with
normotensive lean women, which demonstrates that
the metaboreflex control is reduced in obesity. In addi-
tion, we have found that MSNA responses during ac-
tivation of central command/mechanoreceptors and
metaboreceptors are not augmented in obese women,
despite the increased baseline MSNA in these individ-
uals. The vasodilatory response during activation of
central command/mechanoreceptors and metaborecep-

Fig. 2. A: responses of mean blood pressure during mild handgrip
isometric exercise (10% MVC). Mean blood pressure increased
slightly and similarly during exercise in obese individuals and lean
individuals. B: responses of mean blood pressure during moderate
handgrip isometric exercise (30% MVC). Mean blood pressure in-
creased progressively and similarly during exercise in obese individ-
uals and lean individuals. *P , 0.05, within-group comparisons vs.
baseline.

Fig. 3. A: responses of forearm vascular resistance during mild
handgrip isometric exercise (10% MVC). Forearm vascular resis-
tance decreased similarly during exercise in obese individuals and
lean individuals. B: responses of forearm vascular resistance during
moderate handgrip isometric exercise (30% MVC). Forearm vascular
resistance decreased progressively and similarly during exercise in
obese individuals and lean individuals. *P , 0.05, within-group
comparisons.
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tors is preserved in normotensive obese women, de-
spite the decreased absolute levels of forearm blood
flow.

Reflex alterations have been demonstrated in hu-
mans with obesity. Baroreflex dysfunction (7) and che-
moreflex responses to hypercapnia (15) have been de-
scribed in obese individuals. Two pieces of information
from the present study extend the knowledge about the
effect of obesity in the muscle metaboreflex control.
First, the reduced MSNA levels during circulatory ar-
rest shows that the muscle metaboreflex control of
MSNA is impaired in obese women. Second, the lower
MSNA responses during activation of metaboreceptors
(30% exercise), in contrast with the similarity of MSNA
responses during activation of central command/mech-
anoreceptors (10% exercise), support the idea that the
metaboreflex control is decreased in obesity. The
metaboreflex dysfunction restricts the responses of
MSNA during moderate exercise in obese women.
Overall, these results demonstrate that muscle
metaboreflex control of MSNA is, in fact, blunted in
normotensive obese women.

Because obese women had higher blood pressure
levels than lean women could suggest that obesity is
not the only cause of muscle metaboreflex reduction in
the present study, but both obesity and increased blood
pressure levels. This does not seem to be the case
because the responses of MSNA during postexercise
circulatory arrest were decreased in a subset of 17

obese women compared with 15 lean women with sim-
ilar blood pressure levels. These results demonstrate
that obesity is, in fact, the main cause of muscle
metaboreflex dysfunction.

The mechanisms underlying the reduction in
metaboreflex control in obesity cannot be answered in
the present study. However, we can suggest that the
increased fat content in the skeletal muscle of obese
individuals (6) may desensitize the metaboreceptors,
reducing the metaboreflex-mediated MSNA. Alterna-
tively, insulin resistance in obesity (1) reduces glycol-
ysis in skeletal muscle, which, in turn, attenuates
muscle acidosis during exercise in obese individuals.
Thus the metaboreceptors undergo less stimulation
during exercise in obese individuals. It is unlikely that
the exercise force performed during handgrip exercise
explains the reduction in metaboreflex control in obese
women. The exercise force was adjusted to the percent-
age of the MVC in both groups. Besides, the maximal
voluntary force was similar between these two groups
(27 6 0.7 vs. 25 6 1.5 kg, P 5 0.118).

We hypothesized that the responses of MSNA during
selective activation of central command/mechanorecep-
tors and metaboreceptors would be augmented in obese
individuals. Despite the increased absolute levels of
MSNA at rest and during exercise in obese individuals,
the responses of MSNA during activation of central
command/mechanoreceptors and metaboreceptors are
not augmented in normotensive obese women. During

Fig. 4. Responses of muscle sympathetic nerve activity during post-
handgrip circulatory arrest. During posthandgrip circulatory arrest,
muscle sympathetic nerve activity remained significantly increased
compared with baseline in lean individuals and obese individuals.
Note, however, that the increase in muscle sympathetic nerve activ-
ity was significantly lower in obese individuals compared with lean
individuals. *P , 0.05.

Fig. 5. Responses of muscle sympathetic nerve activity during post-
handgrip circulatory arrest in obese women and lean women with
similar blood pressure levels. During posthandgrip circulatory ar-
rest, muscle sympathetic nerve activity remained significantly in-
creased compared with baseline in lean individuals and obese indi-
viduals. Note that despite similar blood pressure levels, muscle
sympathetic nerve activity during circulatory arrest was signifi-
cantly lower in obese individuals compared with lean individuals.
*P , 0.05.
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10% handgrip isometric exercise, there was no differ-
ence in MSNA responses between normotensive obese
women and normotensive lean women. Additionally,
during 30% handgrip exercise, the responses of MSNA
were higher in lean individuals. In obese women, in
whom metaboreflex control is reduced, the activation of
the muscle metaboreceptors during moderate exercise
provokes less reflex-mediated increase in MSNA dur-
ing circulatory arrest.

The findings of the present study confirm that MSNA
is enhanced in obese humans (7, 20). Besides, our data
extend this alteration to isometric exercise. During
selective activation of central command/mechanorecep-
tors and metaboreceptors, the absolute levels of MSNA
are increased in obese individuals. The mechanisms
that increase sympathetic nerve activity in obesity are
unclear. However, four convincing mechanisms seem
to link the increased sympathetic nerve activity to
obesity. First, besides its effect on appetite and ther-
mogenesis control, leptin, which is augmented in obe-
sity, increases norepinephrine turnover in brown adi-
pose tissue (2), and increases sympathetic nerve
activity to brown adipose tissue (11), kidneys, adrenal
glands, and hindlimbs (11). In obese Zucker rats, in
which a mutation in the leptin receptor gene is the
rule, there are no sympathoexcitatory actions of leptin
(13). Second, baroreflex dysfunction described in obe-
sity (7) and obesity plus hypertension (9) seems to
explain, at least in part, the increased sympathetic
nerve activity in obese individuals. Because barorecep-
tors control sympathetic nerve activity at rest (7, 16)
and during exercise (12), a baroreflex dysfunction may
explain the increased levels of MSNA not only at rest,
but also during 10% and 30% handgrip exercise in
obese individuals. Third, obesity is a condition of insu-
lin resistance and hyperinsulinemia (1). Forjaz et al.
(5) recently described that hyperinsulinemia provokes
significant increase in MSNA in humans. Also, more
recently, Emdin et al. (4) demonstrated that periods of
parasympathetic withdrawal and sympathetic domi-
nance coincide with hyperinsulinemic hours in free-
living obese individuals, despite the fact that these
individuals have no increase in 24-h urine norepineph-
rine levels. It is possible that our obese individuals
were studied in hyperinsulinemic state, because the
experimental protocol was performed 3 h after food
intake. This heterogeneity of obese state should be
taken into consideration in future studies dealing with
obesity. Fourth, Narkiewicz et al. (14) recently docu-
mented that increased MSNA is associated with sleep
apnea in obese individuals.

The reduced forearm blood flow and the increased
forearm vascular resistance at rest demonstrate a cer-
tain level of vasoconstriction in normotensive obese
women. However, the vasodilatory responses during 10
and 30% handgrip exercise were preserved in obese
women. Inasmuch as the increase in the contralateral
forearm blood flow during exercise is, in great part,
cholinergically mediated (3, 19), our results suggest
that the endothelium functioning is preserved during
handgrip exercise in normotensive middle-aged obese

women. Although previous studies have found that the
vasodilatation during hyperemia (10) or during eugly-
cemic-hyperinsulinemic condition (22, 23) is impaired
in obese individuals, the vasodilatory responses during
exercise were not altered in the present study. These
results favor the idea that the mechanisms underlying
the reflex vasodilatory response in the nonexercising
muscle during handgrip exercise are different from
those involved in the vasodilatation provoked by hy-
peremia or euglycemic-hyperinsulinemic condition. Al-
ternatively, the endothelium dysfunction may take
place in a later stage of obesity.

In the present study, although both obese women
and lean women were normotensive, blood pressure
levels were higher in obese women. These increased
blood pressure levels were extended to handgrip iso-
metric exercise. The augmented absolute levels of
MSNA and muscle vascular resistance seem to contrib-
ute to the increase in blood pressure levels in our obese
women. These neurovascular alterations have clinical
implications, because they may predispose obese indi-
viduals to additional cardiovascular risks during daily
activity or exercise.

Limitations

We have included only normotensive middle-aged
obese women in the present study. Therefore, our re-
sults may restrict our interpretation to this subgroup
of obese individuals.

We have not evaluated the sleep status in the
present study. Narkiewicz et al. (14) recently reported
that MSNA is increased in obese individuals with sleep
apnea but not in obese without sleep apnea. Therefore,
we do not know whether sleep apnea is a confounding
variable in our present study that demonstrates
metaboreflex impairment in obese individuals. This is
an interesting issue for future investigations.

In summary, obesity in normotensive women re-
duces muscle metaboreflex control of MSNA. Despite
the increased MSNA levels, the responses of MSNA
during selective activation of central command/mech-
anoreceptors are not augmented in normotensive obese
women. The vasodilatory response during activation of
central command/mechanoreceptors and metaborecep-
tors is preserved in normotensive obese women.

This study was supported in part by Fundação de Amparo à
Pesquisa do Estado de São Paulo Grant 1998/15983-8, and in part by
Fundação E. J. Zerbini.
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