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Summary Diabetic autonomic dysfunction is associ-
ated with a high risk of mortality which makes its ear-
ly identification clinically important. The aim of our
study was to compare the detection of autonomic dys-
function provided by classical laboratory autonomic
function tests with that obtained through computer
assessment of the spontaneous sensitivity of the
baroreceptor-heart rate reflex (BRS) by time domain
and frequency domain techniques. In 20 normoten-
sive diabetic patients (mean age*SD 41.9=%8.1
years) with no evidence of autonomic dysfunction on
laboratory autonomic testing (D0) blood pressure
(BP) and ECG were continuously monitored over
15 min in the supine position. BRS was assessed as
the slope of the regression line between spontaneous
increases or reductions in systolic BP and linearly re-
lated lengthening or shortening in RR interval over
sequences of at least 4 consecutive beats (sequence
method), or as the squared ratio between RR interval
and systolic BP spectral powers around 0.1 Hz. We
compared the results with those of 32 age-matched
normotensive diabetic patients with abnormal
autonomic function tests (D1) and with those of

24 healthy age-matched control subjects with normal
autonomic function tests (C). Compared to C, BRS
was markedly less in D1 when assessed by both the
slope of the two types of sequences (data pooled)
and by the spectral method (-71.3 % and —60.2 % re-
spectively, both p <0.01). However, BRS was consis-
tently although somewhat less markedly reduced in
DO, the reduction being clearly evident for all the es-
timates (-57.0 % and —43.5 %, both p <0.01). The ef-
fects were more evident than those obtained by the
simple quantification of the RR interval variability.
These data suggest that time and frequency domain
estimates of spontaneous BRS allow earlier detection
of diabetic autonomic dysfunction than classical labo-
ratory autonomic tests. The estimates can be obtained
by short non-invasive recording of the BP and RR in-
terval signals in the supine patient, i.e. under condi-
tions suitable for routine outpatient evaluation. [Dia-
betologia (1997) 40: 1470-1475]
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Diabetic autonomic dysfunction, even when not yet
manifest, is associated with a high risk of mortality
[1-11] which makes its early identification clinically
important. In the early eighties Ewing and co-work-
ers [1, 12] validated a battery of laboratory tests for
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identification of autonomic abnormalities in patients
with diabetes mellitus. These tests consist in the mea-
surement of the heart rate changes induced by ma-
nouvers such as deep breathing, Valsalva and stand-
ing which engage reflexes that alter vagal and sympa-
thetic modulation of the heart [13-17]. They further
consist in the measurement of the blood pressure re-
sponses to standing, cold pressure test and hand-grip
exercise which allow assessment of sympathetic mod-
ulation of systemic vascular resistance [15-19].
Although useful for the identification of a diabet-
ic-dependent damage of autonomic cardiovascular
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control, the “Ewing” tests are characterized by a sub-
optimal reproducibility [20]. Furthermore, their sen-
sitivity is limited, particularly when blood pressure
responses are measured. Finally, these tests require
an often uneasy co-operation by the patients. To over-
come these problems power spectral analysis of fre-
quency components of heart rate variability that are
believed to reflect autonomic cardiac modulation is
increasingly used [21, 22]. However, the spectral ap-
proach only allows a more sensitive detection of car-
diac autonomic abnormalities if associated with ma-
nouvers that require a change in breathing pattern
[23], or active or passive postural changes, which is of-
ten not easy to perform in the clinical setting.

In the last few years methods have been developed
that allow neural modulation of the sinus node by ar-
terial baroreceptors to be assessed by computer anal-
ysis of the relationship between spontaneous changes
in blood pressure and pulse interval in the time and
frequency domain [24-28]. The aim of our study was
to determine whether: 1) these methods also allow
early identification of autonomic cardiac abnormali-
ties in diabetes mellitus; and 2) this can be obtained
in conditions most favourable to the clinical setting,
i.e. in patients resting supine for only 15 min.

Subjects and methods

Subjects. Our study included 52 diabetic subjects of either sex
between the ages of 22 and 54 years (mean#*SD 429+
9.7 years) who consecutively attended the diabetes clinic of
the S. Gerardo Hospital and who had the following character-
istics. 1) Body mass index never greater than normal values by
more than 20 %. 2) No major disease beside diabetes. 3) No
clinical manifestation of cardiac and vascular disease. 4) No
abnormality in renal function; and 5) no treatment with antihy-
pertensive or other cardiovascular drugs. In 28 patients diabe-
tes was insulin-dependent and in the remaining 24 patients
non-insulin-dependent. Diabetic complications were found in
26 patients which consisted of retinopathy (n = 7, fluoroangi-
ography), microalbuminuria (3 urine samples in the preceding
year) and somatic neuropathy (n = 11, nerve conduction stud-
ies). All subjects were under treatment with insulin and/or
oral antidiabetic agents and their metabolic control was satis-
factory, based on HbA, . or serum glucose values. Blood pres-
sure was normal (i.e.<140/90 mmHg, systolic/diastolic) at
sphygmomanometer measurements obtained in the outpatient
clinic. Heart rate (palpatory method over 1 min) was also nor-
mal (<90 beats per min). We used 24 normotensive age-
matched healthy subjects, selected from among hospital staff,
as controls. These subjects were 18 males and 6 females. Their
mean age + SD was 40.3 £ 6.3 years. Their blood pressure was
123.3 + 3.3 mmHg systolic and 80.1 + 2.7 mmHg diastolic, and
their heart rate was 73.5 £ 1.7 beats per min.

Traditional evaluation of autonomic neuropathy. The presence
of autonomic neuropathy was assessed by three “Ewing” tests:
1) RR interval response to deep breathing; 2) RR interval re-
sponse to standing and 3) blood pressure response to standing.
The RR interval response to deep breathing was measured by:
a) asking the supine subject to breathe deeply at a rate of 6

breaths per min while monitoring the ECG via a standard lead;
and b) taking the mean difference between the maximal RR in-
terval value recorded during three successive breathing cycles.
The RR interval response to standing was measured by: a) ask-
ing the subject to lie quietly supine for 4 min and quickly stand
up during ECG monitoring; and b) taking the ratio between
the change in RR interval occurring 15 and 30 s from assump-
tion of the upright posture, i. e. the so-called 30:15 ratio that de-
scribes the shortening in RR interval that occurs early after
shifting from lying to standing and the subsequent return to-
wards baseline RR interval values. The blood pressure response
to standing was measured by mercury sphygmomanometry af-
ter the subject had been standing for 1 min following a lying pe-
riod of 4 min. The response to each test was assessed as reported
in literature [17]. Namely, in subjects aged 40 to 44 years the
deep breathing test was regarded as abnormal or borderline if
the ratio between the maximal and minimal RR interval was
less than 1.17 or between 1.17 and 1.20, respectively. The RR in-
terval response to standing was regarded as abnormal or bor-
derline if the 30:15 ratio was less than 1.90 or between 1.90 and
2.12, respectively. All RR interval criteria were reduced by a
factor of two for each 5-year increment of age. The blood pres-
sure response to standing was regarded as abnormal or border-
line if at all ages the systolic blood pressure fall on standing
was more than 29 mmHg or between 29 and 10 mmHg, respec-
tively. A normal response was graded as 0, a borderline re-
sponse as 1 and an abnormal response as 2. In each subject the
scores assigned to each individual test were summed to obtain
a total score that ranged from 0 to 6. According to the total
score the diabetic patients were divided into two groups. Name-
ly, 20 patients with a total score equal to 0 (age 41.9 + 8.1 years)
were regarded as having no evidence of autonomic neuropathy
(D0). The remaining 32 patients (age 43.6 + 9.2 years) with a to-
tal score equal or greater than 1 were regarded as having auto-
nomic neuropathy. The demographic, haemodynamic and clini-
cal characteristics of the control subjects, the DO patients and
the D1 patients are shown in Table 1, together with the refer-
ence to their conventional autonomic neuropathy score.

Computerized assessment of baroreceptor-heart rate reflex. Two
hours after a light meal all control and diabetic subjects under-
went a beat-to-beat blood pressure and ECG recording (1
standard lead) for 15 min in the supine position. Blood pres-
sure was recorded non-invasively by a Finapres device (Fina-
pres, Ohmeda, Englewood, Colo., USA), which is known to re-
liably track both fast and slow changes in intra-arterial blood
pressure [29, 30]. As described in detail in previous papers
[29-31] the blood pressure signal was A/D converted, sampled
at 200 Hz, digitized at 12 bit resolution by an Olivetti XP5
computer and edited from morphological aberrances such as
ectopic beats, movement artifacts and adjustments of the vol-
ume-clamp set point by an interactive procedure. From the ed-
ited signal systolic blood pressure was derived for each pulse
wave. The same procedure was employed for the RR interval
signal except that the sampling rate was 600 Hz. The beat-to-
beat systolic blood pressure and RR interval values were
stored in separate time series. Average systolic blood pressure
and RR interval values were computed for the whole 15 min,
together with the corresponding standard deviations which
were taken as measures of their variability.

In addition, identification was obtained of the sequences of
four or more consecutive beats during which systolic blood
pressure (SBP) and RR interval showed a spontaneous pro-
gressive increase ( + RR/ + SBP) or a spontaneous progressive
reduction (-RR/-SBP), the step-wise changes being at least
1 mmHg and 6 ms, respectively. The regression coefficient (or
slope) of the sequence was taken as a measure of the sensitivity
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Table 1. Demographic, haemodynamic and metabolic charac-
teristics of control subjects (C) and of the patients with no evi-
dence (D,) or evidence (D;) of autonomic neuropathy

Variable C DO D1
Autonomic function

tests (total score) 0 0 =>1

n (male/female) 24 18/6 20 13/7 32 13/19
Age (years) 403+63 419+81 43.6+9.2
Systolic blood

pressure (mmHg) 123.3+33 1289149 131.1+53
Diastolic blood

pressure (mm Hg) 80.1+£2.7 79.0+£2.8 80.2+3.6
Heart rate

(beats/min) 73.5+£1.7 754+21 733+23
Serum creatinine

(wmol/1) 63426 61.8+35 70.7+53
Preprandial serum

glucose (mmol/l) 43+0.8 9.6+0.5 9.7+04
HbA,, (%) 0.062 + 0.0009 0.072 £ 0.0007
Oral antidiabetics (n) 11 13

Insulin (n) 9 19

Insulin (U/day) 488+ 1.5 41526

Data are shown as average values. For age * refers to the SD of
the mean; and SEM for all other values. n = number of subjects
in a given condition; blood pressure and heart rate data refer to
the sphygmomanometric and palpatory measurements in the
outpatient clinic
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Fig.1. Systolic blood pressure (SBP) and RR interval (RR)
variability in control subjects (C) and in diabetic patients with
no or with autonomic dysfunction at classical laboratory tests
(Dy and D). Variability is expressed as the standard deviation
(SD) of the average values of the 15 min recording period in
the supine position. Data are shown as means + SEM. *p <0.05

of the baroreceptor-heart rate reflex, as done when changes in
systolic blood pressure and RR interval are induced in the lab-
oratory by intravenous injections of vasoactive drugs [32, 34].
The number of the + RR/+ SBP and —-RR/-SBP sequences
seen over the 15 min period was summed and the slopes of
the + RR/ + SBP and -RR/-SBP sequences were averaged.
Finally, the systolic blood pressure and RR interval signals
were subjected to power spectral analysis, as described previ-
ously [35]. To this aim, systolic blood pressure and RR interval
fluctuations with a period greater than 40 s (frequency < 0.025

Hz) were removed by high-pass filtering. The filtered time se-
ries was split into contiguous segments of 256 values. Segments
containing non-stationary segments were detected and exclud-
ed by the reverse arrangement test. Power spectral densities of
each stationary segment were estimated after 10 % cosine ta-
pering of the raw data using a Fast Fourier Transform. For
each segment the square ratio between systolic blood pressure
and RR interval powers in the frequency range of 0.07 Hz to
0.14 Hz was computed any time the coherence between the
systolic blood pressure and RR interval powers was over 0.5.
This ratio was termed o coefficient and taken as an additional
index of the sensitivity of the baroreceptor-heart rate reflex
[25, 32], which was thus studied both by a time domain and a
frequency domain method. Previous studies in animals have
shown that the number of the + RR/ + SBP and -RR/-SBP se-
quences, the slope of both sequences and the a coefficients all
depend on the integrity of the sino-aortic afferents, thereby
specifically reflecting baroreceptor modulation of the sinus
node [27, 32]. Studies in man have further shown that the baro-
reflex impairment associated with a variety of conditions (e.g.
aging, hypertension) is similarly identified by all three meth-
ods [31, 32] which thus provide independent but concordant es-
timates of the baroreflex function from the same basic signals.

Protocol and statistical analysis. Traditional assessment of au-
tonomic neuropathy and computerized assessment of barore-
flex sensitivity were obtained in two different days of the
same week. The order of the traditional compared to comput-
erized assessment was randomized. The investigators involved
in the traditional assessment were unaware of the results of
the other assessment and vice versa. Individual data were aver-
aged to obtain mean values separately for the control group
and for the D0 and D1 groups. After testing for the normal dis-
tribution of the data, between-group comparisons were made
by Student’s ¢-test for unpaired observations, together with ap-
plication of the Bonferroni’s correction for multiple compari-
sons. A p <0.05 was taken as the level of statistical significan-
ce. Unless otherwise indicated throughout the text the sym-
bol + refers to the SE of the mean.

Results

As reported under methods and shown in Table 1, the
three groups of subjects (controls, DO and D1) were
comparable for age, clinic systolic blood pressure, di-
astolic blood pressure and heart rate values. As
shown in Figure 1 the systolic blood pressure stan-
dard deviation was also similar in the three groups
while the RR interval standard deviation was pro-
gressively reduced from the control to the DO and
D1 group. Compared to control subjects the number
and slope of + RR/ + SBP and -RR/-SBP sequences
were markedly reduced in the DO and even more so
in the D1 patients. The number of coherent segments
was only slightly and non-significantly less in D0 and
D1 patients, but the a coefficient was also strikingly
reduced in both groups.

In the diabetic patients a significant correlation
was found between: 1) the slope of the + RR/+ SBP
compared to the slope of the -RR/-SBP sequence
(correlation coefficient or r=0.61); 2) the slope
of the + RR/+ SBP segment compared to the o
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Fig.2. Time- and frequency-domain estimates of the barore-
ceptor-heart rate reflex in the subjects from Figure 1. C, con-
trol subjects; D, and D,, diabetic patients with no or autonomic
dysfunction at classical laboratory tests. *p < 0.05
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coefficient (r=0.78); and 3) the slope of the -RR/
-SBP sequence compared to the o coefficient
(r=0.61). A significant (although less close) correla-
tion was also found between the standard deviation
of RR interval and the slope of + RR/+ SBP, the
slope of -RR/-SBP sequences and the a coefficient
(r=0.52, 0.37 and 0.54 respectively, p <0.01 for all).
Compared to controls the reduction in the RR inter-
val standard deviation was less than the reduction in
the number and slope of + RR/+ SBP sequences,
the number and slope of -RR/-SBP sequences and
the a coefficient. This was the case both in the DO
and the D1 groups (Fig.3).

Discussion

In 20 patients with diabetes mellitus, the classical
“Ewing” tests failed to identify any evidence of auto-
nomic neuropathy. In these subjects, however, time
domain and frequency domain analysis of continuous
systolic blood pressure and RR interval signals
showed that the “spontaneous” baroreceptor modula-
tion of the sinus node was much less effective than the
modulation seen in a group of age-matched controls,
although still more effective than that seen in other
32 diabetic patients with abnormal “Ewing” tests.
Thus, time domain and frequency domain analysis of
blood pressure and heart rate aimed at characterizing
“spontaneous” baroreceptor modulation of the sinus
node provides a more sensitive diagnosis of autonom-
ic dysfunction than classical laboratory manouvers,
thereby allowing abnormalities of autonomic cardiac
modulation to be identified at an early stage and
quantified in a graded fashion. This can be obtained
by a short non invasive recording of blood pressure
and ECG in the supine patients, i.e. under conditions
most suitable for routine outpatient evaluation.
Several other results of our study deserve to be
mentioned. One, blood pressure standard deviation
was similar in control subjects, in DO and D1 patients,
which indicates that blood pressure variability is not a
sensitive marker of autonomic damage in diabetes
mellitus, at least when short recordings in the supine
position are obtained. Two, R-R interval standard de-
viation showed a progressive reduction from control
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subjects to DO and D1 patients, indicating that, in
contrast, supine heart rate variability has a more im-
portant diagnostic value for this diabetic complica-
tion. Three, in DO and D1 patients the autonomic im-
pairment was more clear and consistent when quanti-
fied by multivariate analysis techniques than when
separately focusing on blood pressure or RR interval
variability alone. This is exemplified by previous
data obtained through transfer function analysis be-
tween respiration and heart rate fluctuations, which
has provided an accurate description of the features
of autonomic cardiac control in these patients [36],
and by the data obtained in our study by use of anoth-
er multivariate approach, i.e. through time and fre-
quency domain estimates of baroreflex. Thus, estima-
tion of baroreflex cardiac modulation by joint analy-
sis of blood pressure and RR interval fluctuations
seems to be more sensitive in the early detection of
autonomic cardiac neuropathy occurring in diabetes
than the quantification of RR interval variability, the
two measures showing only a limited correlation.
The latter is also, in turn, better than traditional auto-
nomic tests. This may be the case because, as shown
by several studies, RR interval variability depends
on neural but to some extent also on non-neural in-
fluences [37].

Finally, the time and frequency domain methods to
quantify the baroreceptor-heart rate reflex provided
superimposable data in both D0 and D1 patients. Fur-
thermore, with the time domain method the sequence
number was able to detect early autonomic dysfunc-
tion as effectively as the sequence slope. This means
that the joint analysis of blood pressure and RR inter-
val fluctuations can be limited to one method and
that whenever the sequence method is selected the
analysis can only consist in the calculation of how
many times systolic blood pressure and RR interval
display a baroreflex-type pattern. Thus the procedure
necessary to obtain easily an early diagnosis of auto-
nomic cardiac dysfunction in diabetes mellitus can in-
deed be so simple as to be compatible with routine
procedures of an outpatient clinic.
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