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Sympathetic adjustments to exercise: insights
from microneurographic recordings
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Abstract

The sympathetic nervous system is activated during exercise, and its neural output contributes
to an increase in blood pressure, heart rate and peripheral vasoconstriction. The neural
mechanisms that activate the sympathetic nervous system during exercise are not completely
understood. Two basic theories of neural control have evolved. The first is the central command
theory, suggesting that both neural motor and sympathetic activation occur in parallel. A
volitional signal emanating from the central motor area leads to increased sympathetic activation
during exercise. The second is the sympathoexcitation theory which states that the discharge
of mechanically and chemically sensitive afferents in the muscles increases during exercise.
Direct recording of the muscle sympathetic nerve activity (MSNA) using microneurography has
substantially advanced our knowledge of the sympathetic adjustment to exercise in humans.
The patterns of MSNA responses to exercise depend on the collective influences of a number of
factors: mode (i.e. isometric or dynamic muscle contractions), intensity and duration, muscle
fatigue, exercise limb, and body position. During isometric forearm exercise, central command
and the muscle metaboreflex are key factors determining increased MSNA. However, the
patterns of MSNA responses vary according to body position such as the gravitational stress.
During dynamic arm or leg exercise, MSNA increases in proportion to the exercise intensity
until exhaustion. However, MSNA decreases during bicycle exercise at light intensity ( >40%
of maximal oxygen uptake), in a sitting position, where this response is greatly determined by
perturbations of cardio-pulmonary baroreflex activity that are induced by increased cardiac
output, caused by muscle pump enhancement. During near maximal exercise intensity central
command is the principal factor in stimulating the sympathetic activity and for continuing the
exercise and also in indirectly stimulating muscle metaboreflex. On the other hand, during
dynamic exercise performed with small muscle mass, MSNA is mainly determined by the muscle
metaboreflex rather than the central command. It is concluded that although MSNA response
during isometric or dynamic exercise is modified by a number of factors, further research is
needed to confirm the precise details of sympathetic neural control of the circulation during
dynamic exercise, especially aerobic exercise.

Key words: autonomic nervous system, muscle sympathetic nerve activity, static exercise,
dynamic exercise, muscle metaboreceptor, central command, arterial baroreflex



