
This issue of Diabetologia includes a paper by Dr.
Aronson on the prognostic significance of diabetic
autonomic neuropathy. The paper reviews the evi-
dence that in diabetic patients clinical autonomic
neuropathy, i. e. a condition associated with signs
and symptoms of visceral autonomic dysfunction, car-
ries an increased risk of mortality. It further reviews
the more recent data that this is also the case for sub-
clinical autonomic neuropathy, and that an increased
risk of mortality and sudden death (presumably due
to cardiac arrhythmias) is typical also of diabetic car-
diac autonomic neuropathy, a condition in which the
clinical or subclinical autonomic dysfunction is lim-
ited to the heart.

The prognostic importance of subclinical cardiac
autonomic neuropathy emphasizes the need for a di-
agnosis of alterations of cardiac autonomic modula-
tion at the earliest possible stage. As mentioned by
Aronson, in this context significant progress has
been made with the quantification of spontaneous
heart rate variability which, in several diabetic pa-
tients, is decreased at a time when the more partial es-
timates of heart rate variations provided by tradi-
tional laboratory autonomic tests (e.g. the 30/15-s
test, the deep breathing test, etc.) still fall within the
normal range [1].

However, the goal of obtaining sensitive markers
of cardiac autonomic neuropathy is far from being
satisfactorily achieved. 1) Spontaneous heart rate
variability does not entirely depend on autonomic
cardiac modulation because heart rate variance is
usually reduced but not abolished by pharmacologi-
cal autonomic blockade of the heart [2] or by cardiac
surgical denervation by heart transplantation [3].

2) A non-autonomic component can also be identi-
fied when heart rate variations around 0.1 and 0.2–
0.3 Hz are quantified by power spectral analysis.
There is no doubt that heart rate fluctuations around
0.1 Hz depend on sympathetic modulation of the si-
nus node because the 0.1 Hz heart rate power; a) in-
creases in conditions associated with an acute cardiac
sympathetic activation such as tilting [4]; b) decreases
in conditions characterized by an acute cardiac sym-
pathetic deactivation such as sleep [5, 6]; and c) de-
creases to a pronounced degree in diseases associated
with chronic sympathetic failure such as primary dys-
autonomias [7]. There is also no doubt that heart rate
fluctuations around 0.2–0.3 Hz are largely deter-
mined by vagal cardiac influences because atropine
has a marked blunting effect on the 0.2–0.3 Hz heart
rate power which is conversely increased under con-
ditions known to increase vagal tone [2, 5, 6, 8, 9].
However, as for overall heart rate variability, both
0.1 and 0.2–0.3 Hz powers are not entirely abolished
following pharmacological or surgical ‘denervation’
of the sinus node [10–14], which indicates that their
specificity as autonomic markers is incomplete. Fur-
thermore the vagus nerve is now known to participate
not only in the determination of the 0.2–0.3 Hz but
also in the determination of the 0.1 Hz heart rate
power, to a degree inversely related to the respiratory
frequency [2, 10, 15]. This questions these two powers
being separate markers of vagal and sympathetic car-
diac influences, respectively; particularly if the respi-
ratory frequency is not concomitantly measured. It
also questions the common use of their ratio as the
most sensitive marker of sympatho-vagal balance (or
imbalance), because the interpretation of this ratio is
made difficult by the possible contribution of the
same autonomic pathway to both terms of the ratio.
Thus, although the 0.1 and the 0.2–0.3 Hz heart rate
powers have been used with favourable results as
early markers of cardiac autonomic dysfunction in
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diabetes mellitus [16–19], some false-positive and
false-negative diagnoses are probably unavoidable
even with this more selective approach to heart rate
variability. False-positive diagnosis may originate
from a decreased responsiveness of cardiac effector
to all stimuli while false-negative diagnosis may origi-
nate from the blunting effect of vagal impairment on
both 0.2–0.3 and 0.1 Hz powers, when the ratio be-
tween these powers is used.

Computerized multisignal analysis may allow fur-
ther improvement in the diagnosis of diabetic cardiac
dysautonomia. This approach consists of combined
computer analysis of pulse interval (the reciprocal of
the heart rate) and systolic blood pressure over peri-
ods in which these signals are monitored beat-to-
beat, which allows sequences to be identified of four
beats or more characterized by: 1) a progressive sys-
tolic blood pressure increase with a linearly related
increase in pulse interval, and 2) a progressive sys-
tolic blood pressure decrease with a linearly related
reduction in pulse interval. Data obtained in animals
have shown that these sequences may specifically re-
flect baroreceptor modulation of the sinus node be-
cause sino-aortic denervation is followed by their vir-
tual disappearance [20]. This is complemented by
several important advantages of a more practical na-
ture; for example, 1) avoidance of external interven-
tions such as the injection of vasoactive drugs to stim-
ulate and de-activate baroreceptors; 2) baroreflex en-
gagement by spontaneous rather than artificial blood
pressure variations; 3) baroreflex dynamic assess-
ment by a large number of rather than one or a few
observations; and 4) the possibility of obtaining reli-
able data by beat-to-beat non-invasive monitoring of
blood pressure with the subject supine, in relatively
short time periods.

Use of the sequence method has allowed an im-
pairment of the baroreceptor-heart rate reflex to be
shown under various physiological conditions and in
diseases [21–24] in which the impairment became
manifest as: 1) a reduced number of sequences; 2) a
reduced slope of linear regression relating the change
in systolic blood pressure with the change in pulse in-
terval; and 3) a reduced increase in baroreflex sensi-
tivity during sleep [21, 22, 25].

Interestingly, these three aspects of baroreflex im-
pairment were recently also found in both insulin-
dependent and non-insulin-dependent diabetic pa-
tients [26], who had normal traditional tests of auto-
nomic dysfunction and normal or only slightly re-
duced heart rate variance. This is a promising ap-
proach for thus simply and sensitively diagnosing
the cardiac autonomic neuropathy induced by
diabetes. This may also be the case for data derived
from the ratio of pulse interval and systolic blood
pressure spectral powers in the frequency regions
where these powers are coherent [27, 28], although
this measure of reflex autonomic cardiac modulation

may be less specific than the measure based on the
“sequence” method.

Early identification of cardiac diabetic dysautono-
mia is important also because having sensitive diag-
nostic markers of cardiac autonomic dysfunction
also means regression of the dysfunction by anti-dia-
betic treatment to be more easily assessed and differ-
ent treatments to be more properly compared. How-
ever, this will not meet all needs posed by diabetic
dysautonomia. A major residual problem is that the
diabetes-dependent alteration of autonomic vascular
control can be assessed in a much less sensitive fash-
ion than the alteration of cardiac vascular control.
Namely, the tests exploring the blood pressure or
vasoconstrictor response to sympathetic activation
(hand-grip, cold pressor test, etc) are frequently nor-
mal when diabetes is of long-duration and other types
of autonomic dysfunction are evident. In our studies
[26] blood pressure variance was similar in uncompli-
cated and complicated diabetes, which excludes that
a global measure of spontaneous blood pressure vari-
ations might be invariably useful. However, in addi-
tion to the above multi-signal analysis, also spectral
analysis of blood pressure and heart rate oscillations
from the lowest to the highest frequencies, i. e. the
broad band spectral analysis [29], appears to repre-
sent a more promising approach for what should be
regarded as a major research goal in this field.
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