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Baroreflex sensitivity and responses to the Valsalva
manoeuvre in subjects with diabetes mellitus

T. BENNETT,' D. J. HOSKING, AND J. R. HAMPTON

From the Department ofPhysiology, Nottingham University Medical School,
and Department of Medicine, General Hospital, Nottingham

SYNOPSIS Baroreflex sensitivity was measured in a group of diabetic patients from the slope of the
regression of pulse interval on systolic arterial pressure, during elevation of pressure induced by
phenylephrine. The response to Valsalva's manoeuvre was assessed in the same subjects. There was a
good correlation between the two tests in the identification of patients with a parasympathetic
autonomic disturbance, but measurements of baroreflex sensitivity were more readily quantifiable
than were the responses to Valsalva's manoeuvre. Furthermore, baroreflex sensitivity could be
measured in patients with sympathetic nervous dysfunction in whom vagal function could not be
assessed by means of the Valsalva manoeuvre. Measurement of baroreflex sensitivity is likely to
be suitable for longitudinal studies of the progress of diabetic autonomic neuropathy.

Recent investigations have shown that it is
possible to assess, quantitatively, the sensitivity
of the baroreflex in man (Smyth et al., 1969;
Bristow et al., 1971, 1974; Gribbin et al., 1971;
Pickering et al., 1972). The method requires the
intravenous injection of a substance, such as
phenylephrine, that has a direct vasoconstrictor
action on peripheral blood vessels. This results
in an elevation of systolic arterial blood pressure
which gives rise to a reflex bradycardia. The rise
in pressure and the lengthening of the pulse
interval are linearly related, and the slope of the
relation may be taken as an index of the sensi-
tivity of the baroreflex.
The sensitivity of this reflex has been shown to

be reduced in hypertension (Gribbin et al., 1971)
and in heart disease (Eckberg et al., 1971). This
test was used in the present investigation of a
group of diabetic subjects, some of whom had
signs of autonomic neuropathy. It was intended
to determine whether autonomic dysfunction of
this aetiology was readily assessed by the method
described above and, furthermore, whether the
precision of the method was such as to allow the

1 Correspondence to: Dr T. Bennett, Department of Physiology,
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severity of the dysfunction to be assessed, as a
basis for following the natural history of the
disease.
The present investigation also included an

examination of the cardiovascular responses to
the Valsalva manoeuvre (see Johnson and
Spalding, 1974). This test has the advantage that
it allows the study of the reflex effects of both a
fall and an elevation of blood pressure. The sub-
ject raises his intrathoracic pressure by attempt-
ing to expire against a closed airway and thereby
impedes venous return to the heart. As a result,
systolic, diastolic, and pulse pressures fall
initially, but subsequently systolic and diastolic
pressures tend to rise again, because of tachy-
cardia and peripheral vasoconstriction. When the
intrathoracic pressure is released, venous return,
and hence cardiac output, are increased. The
increased cardiac output is forced into a con-
stricted peripheral vasculature, and results in a
marked overshoot of systolic and diastolic
pressures, the heart rate slows, returning
pressures towards normal levels. The increase in
heart rate during the manoeuvre is a reflex
resulting largely from the exposure of baro-
receptors to lowered pressures; the decrease in
heart rate after the manoeuvre is a reflex due to
the exposure of baroreceptors to increased
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pressures. The bradycardia is due to vagal
activity (Elisberg et al., 1953; Johnson and
Spalding, 1974), but the cause of the tachycardia
is controversial (Elisberg et al., 1953; Leon et al.,
1970; Johnson and Spalding, 1974). Because of
the many interacting factors involved, grading
of the responses to this manoeuvre is always
likely to be difficult. The results from this test
have been included for comparison with the
findings relating to baroreflex sensitivities.

METHODS

Seventeen diabetic subjects (nine males, eight females)
were investigated at the request of their physicians;
the subjects gave their fully informed consent to the
study. They ranged in age from 21 to 71 years (mean
46.4) and the time since diagnosis of the disease
ranged from one to 45 years. All except two patients
had one or more of the following features: impotence
(eight patients), postural hypotension (six subjects),
disordered sweating (five subjects), diarrhoea (seven
subjects), peripheral neuropathy (12 subjects),
peripheral vascular disease (three subjects), and
retinopathy (nine subjects). Five, normal, non-
diabetic subjects were also examined. Their ages were
between 21 and 56 years (mean 40.5); these subjects
were all males who had no clinical disorders.
The subject lay supine on a bed; arterial pressure

was recorded from a needle (23 gauge) inserted,
percutaneously, into the right femoral artery. The
needle was connected to a saline-filled Teflon tube
attached to a pressure transducer (Bell and Howell);
the output from the transducer was fed into a photo-
graphic (Cambridge Scientific Instruments) or an
ultra-violet recorder (S.E. Laboratories).

RESPONSE TO INTRAVENOUS PHENYLEPHRINE When
arterial pressure and heart rate had stabilized,
phenylephrine (dissolved in saline) was injected into
an antecubital vein; the initial dose was 50 [±g, and
the dose was increased to a maximum of 300 ,ag, or
until a rise of at least 4 kPa (30 mm Hg) in systolic
blood pressure was obtained. From the continuous
record of arterial pressure, the systolic pressures and
the pulse intervals were measured. The reflex
sensitivity was taken as the slope of the line (ob-
tained by linear regression analysis) relating the
pulse interval of each beat to the systolic pressure of
the preceding beat, from the point at which systolic
pressure started to rise until it reached a peak
(Smyth et al., 1969; Bristow et al., 1971). Usually
three separate estimates of the baroreflex slope were
available, but the data were pooled and the sensitivi-
ties given in the results are derived from all the

separate values of pulse interval and systolic arterial
blood pressure for each subject. In all cases except
subject 19, the linear regression of pulse interval on
systolic arterial blood pressure was significant
(P <0.05).

VALSALVA S MANOEUVRE The subject was initially
instructed in the procedure and practised several
times without measurements being taken. After a
continuous recording of resting arterial pressure had
been made, the subject was asked to blow a column
of mercury up to a height of 40 mm for 10 s; this
procedure has been shown to evoke the most reliable
responses (Levin, 1966). Arterial pressure was
recorded continuously throughout and after the
manoeuvre, until it had returned to resting levels;
each subject performed the manoeuvre at least twice;
the results given in the text are mean values.

It has recently been suggested that abnormality of
Valsalva responses should be decided on the basis of:
(1) absence of an arterial pressure overshoot after the
manoeuvre; (2) the occurrence of a lower heart rate
during the manoeuvre than after it; and (3) a fall in
mean blood pressure, during the manoeuvre, below
50%0 of the resting mean blood pressure (Johnson
and Spalding, 1974).
From the arterial pressure recording the following

were measured: (a) resting systolic and diastolic
arterial pressures, (b) resting heart rate (assessed
from the intervals between systolic pressure peaks,
over a period of lOs), (c) systolic and diastolic arterial
pressures at the end of the 10 s manoeuvre, (d) heart
rate at the end of the manoeuvre (taken from the
interval between the last two systolic pressure peaks),
(e) maximum systolic and diastolic arterial pressures
after the manoeuvre, and (f) minimum heart rate
after maximum arterial pressures were achieved
(assessed from the longest interval between systolic
arterial pressure peaks).

Results were analysed by Student's unpaired t test;
values given in the text are mean ± SEM. In con-
formity with the usage of SI units, arterial pressures
are given in kPa (where 1 mm Hg-0.133 kPa); heart
rates are given in beats. s-1.

RESULTS

NORMAL SUBJECTS The five (1-5) normal subjects
had baroreflex sensitivities ranging from 46.6
to 103.8 ms. kPa-1 (mean=67.7+ 11.3; Fig.
1A). These subjects showed the normal pattern
ofchanges in response to the Valsalva manoeuvre
(see introduction, Table, Fig. 2).

DIABETIC SUBJECTS Seven diabetic subjects
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TABLE
VALSALVA RESPONSE

Subject Baroflex Before El7d After
sensitivity

(inis. kPa5) HR BP HR BP HR BP

1 52.6 1.4 19.1/10.1 2.0 18.1/14.4 1.0 31.4/13.3
2 51.1 1.3 11.7/ 7.7 1.7 8.6/ 8.1 1.0 16.2/10.4

Normal 3 85.0 1.5 12.9/ 9.0 1.8 12.0/10.9 1.0 17.0/12.0
4 103.8 1.3 16.9/ 8.8 2.1 14.0/ 8.1 1.0 21.4/10.8
t5 46.6 1.2 17.3/ 8.0 1.6 16.6/10.6 0.8 21.3/10.6
6 103.0 1.3 16.0/ 8.0 1.7 20.0/15.3 1.2 20.2/10.6 Normal
7 109.8 1.6 22.3/14.1 2.3 27.7/22.9 1.4 24.5/ 15.4 response
8 63.9 2.0 18.1/10.1 2.6 18.1/16.5 1.0 30.9/13.3
9 53.4 1.8 17.3/ 7.5 2.3 9.3/ 7.4 0.7 19.4/ 8.5
10 50.4 1.8 22.3/12.2 2.3 23.9/17.0 0.7 30.3/15.4
11 78.2 1.3 18.6/ 8.0 2.0 18.4/14.1 1.1 24.7/11.2
12 68.4 1.2 16.8/ 8.5 2.0 19.4/15.4 1.0 21.8/10.0
13 27.1 1.3 17.6/ 9.0 1.8 13.3/11.2 1.1 26.1/11.2 Reduced

Diabetic 14 25.6 1.5 26.6/11.7 2.0 24.5/21.8 1.4 38.8/17.0 J bradycardia
15 12.8 1.4 19.7/ 5.9 1.6 16.5/11.2 1.4 21.5/ 5.9 No
16 22.6 1.5 12.5/ 8.0 1.9 12.2/11.2 1.5 17.3/10.6 bradycardia17 12.8 1.5 18.6/ 8.2 1.8 14.9/14.1 1.5 21.5/10.9 J'
18 33.1 1.4 26.1/10.9 1.9 20.7/14.1 1.4 26.6/12.0
19 0.8 1.5 28.2/12.2 1.9 15.4/14.6 1.5 28.2/12.6 Little or no
20 4.5 1.7 23.7/10.6 1.9 21.3/14.9 1.7 24.5/11.7 pressure

|21 19.5 1.5 20.0/14.6 1.9 18.6/14.4 1.5 18.1/15.4 overshoot
t22 23.3 1.5 20.2/1 1.7 1.9 17.6/12.8 1.7 19.2/10.6

HR =heart rate (Hz); BP =femoral arterial pressure (kPa). (I kPa = 7.5006 mmHg).
Measurements for the Valsalva response were made at the end of the 10 s manoeuvre, and at the peak of the arterial pressure overshoot, when
it was present. Baroreflex sensitivity was measured as described in Methods.

(6-12) had baroreflex sensitivities that were not
significantly different from those of the non-
diabetic subjects (mean=75.2+9.0 ms. kPa-1;
Fig. IB) and, like the latter, their responses to
Valsalva's manoeuvre were normal (Table; Fig.
2).
Two diabetic subjects (13, 14) had low baro-

reflex sensitivities (27.1 and 25.6 ms. kPa-1
respectively), although their responses to the
Valsalva manoeuvre appeared to be normal
(Table). However, examination of the relation
between the systolic pressure overshoot and the
bradycardia after the Valsalva manoeuvre
indicated that their vagal responsiveness was less
than that of the subjects above (Table).
The remaining eight subjects all had very low

baroreflex sensitivities, but they could be divided
into two groups on the basis of their responses
to Valsalva's manoeuvre. The mean baroreflex
sensitivity of three subjects (15-17) was 15.8 +
3.0 ms. kPa 1; these subjects showed no slowing
,of the heart when arterial pressure was raised
after Valsalva's manoeuvre (Table). The other
subjects (18-22) showed little or no overshoot of
-arterial pressure after Valsalva's manoeuvre, and

no bradycardia (Table). One ofthese subjects (18)
had a baroreflex sensitivity of 33.1 ms. kPa-1,
but the other subjects in this group had even
lower baroreflex sensitivities when tested with
phenylephrine (mean= 12.0+ 5.6 ms. kPa-1).
The relationships between R-R intervals in the
electrocardiograph and systolic blood pressures
for the diabetic subjects 13-22 are shown in
Fig. IC.
There was a significant difference (P<0.001)

between the mean baroreflex sensitivity of the
subjects who responded normally to the Valsalva
manoeuvre (subjects 6-12; baroreflex sensi-
tivity= 75.2 + 9.0 ms. kPa- 1) and those who
showed some clear-cut abnormality (subjects
15-22; baroreflex sensitivity= 15.8 + 3.8 ms.
kPa -1). There were no significant differences in
the ages, resting heart rates, or resting arterial
pressures of the subjects in these two groups. The
relationship between baroreflex sensitivity and
response to the Valsalva manoeuvre is illustrated
in Fig. 2.

All subjects showed a tachycardia during the
Valsalva manoeuvre (Table). There was no
significant difference between the tachycardia
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FIG. 1. Linear regressions ofR-R interval on systolic
arterial bloodpressure during elevation of the latter by
intravenous infusion ofphenylephrine (see Methods).
The points indicate valuesfor R-R interval and systolic
arterial blood pressure, and the lines are the mean

regressions for individual subjects. The slopes of the
regression lines are taken as the baroreflex sensitivities
and are given in the Table. A. Regressions for five
control subjects (1-5). B. Regressionsfor seven normal
diabetic subjects (6-12). C. Regressions for 10
abnormal subjects (13-22). Note the similarity of
slopes in A and B and the depressed slopes in C.

seen in the control group (subjects 1-5;
increase = 0.50 + 0.08 beats.s-1) and the tachy-
cardia seen in the diabetic subjects who showed a

normal Valsalva response (subjects 6-12; in-
crease = 0.60 + 0.05 beats. s -'). However, there
was a significant difference (P <0.005) between
the tachycardia seen in this latter group and that
seen in the group of diabetic subjects who showed
an abnormal Valsalva response (subjects 15-22;
increase = 0.35 + 0.03 beats.s -1).
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FIG. 2. The relationship between the baroreflex
sensitivity and the response to the Valsalva manoeuvre
in five non-diabetic and 17 diabetic subjects.

DISCUSSION

It has been claimed that the changes in heart rate
evoked by a rise or a fall in arterial blood pressure
are mediated through the vagus nerves (for
example, Leon et al., 1970; Pickering et al.,
1972). Some workers have, however, found the
cardiac sympathetic nerves to be involved in the
tachycardia evoked by hypotension (Robinson
et al., 1966; Fitzgerald, 1970), while others have
claimed that the sympathetic and parasympa-
thetic systems may both be involved (Ekue et al.,
1974).
The cardiovascular responses to Valsalva's

manoeuvre are complex. It is clear that the
bradycardia, elicited by the overshoot in arterial
pressure, is vagally mediated (for example,
Elisberg et al., 1953; Johnson and Spalding,
1974); it has been suggested that the tachycardia
seen during the manoeuvre is due to removal of
vagal tone (Leon et al., 1970; see Johnson and
Spalding, 1974). Other evidence suggests that the
tachycardia is due to sympathetic mechanisms
(Elisberg et al., 1953; Boakes et al., 1973). In the
present study, seven subjects (15-22) were found
to have lost all signs of reflex vagal activity, yet
they showed a marked tachycardia during
Valsalva's manoeuvre. Thus, from the present
results, it seems that this tachycardia may be due
to sympathetic mechanisms, but this does not
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exclude the possibility of some vagal involve-
ment in normal subjects. Indeed, there is some
support for this suggestion, since the subjects
who were devoid of cardiac vagal reflexes showed
a smaller increase in heart rate during Valsalva's
manoeuvre than did those who retained their
vagal function.

Sharpey-Schafer and Taylor (1960) claimed
that an afferent lesion was responsible for the
abnormal baroreflexes in diabetic subjects, but
other studies suggest that the lesion is associated
with the efferent postganglionic vasoconstrictor
fibres, since blood vessels in diabetic subjects
have been shown to exhibit a classical denerva-
tion supersensitivity to catecholamines (Bairainy,
1955; Moorhouse et al., 1966; Frank et al..
1972). From the present work, it seems most
likely that the lesion is efferent, since in eight
subjects (15-22) the cardiac responses to hypo-
tension were preserved while those to hyper-
tension were lost; it would be difficult to explain
these observations by invoking an afferent
lesion.
The present findings can be related to observa-

tions on orthostatic reflexes in the same subjects,
reported elsewhere (Bennett et al., 1975a).
Subjects 6-12, 13-15, and 18 of the present
study showed little change in systolic arterial
blood pressure and a normal, moderate tachy-
cardia on standing. As pointed out previously,
impairment of vagal function (as seen in subjects
13-15) does not appear to interfere with ortho-
static adaptation. In subject 18 there was no
overshoot of arterial pressure after the Valsalva
manoeuvre, but cardiovascular responses to
standing appeared normal; such dissociation has
been reported previously (see Johnson and
Spalding, 1974). The remaining subjects (16, 17,
19-22) all showed a fall in systolic arterial blood
pressure on standing. However, in subjects 16
and 17 there was a recovery of systolic arterial
blood pressure without a persistent increase in
heart rate (Fig. 3b in Bennett et al., 1975a);
these two subjects showed an overshoot in
arterial pressure after the Valsalva manoeuvre.
Such observations taken together indicate that
vasoconstrictor activity was preserved, but
perhaps impaired (Johnson and Spalding, 1974).
Subjects 19-22 showed an abnormal fall in
systolic arterial blood pressure and a persistent
and abnormal increase in heart rate on standing.

As reported here, these subjects showed no
overshoot in arterial blood pressure after
Valsalva's manoeuvre. These findings are con-
sistent with a loss of vasomotor function due to
an efferent lesion, since the afferent input
responsible for eliciting a reflex tachycardia was
obviously functional.

It is apparent that, for the Valsalva manoeuvre,
assessment of responses in terms of heart rate
alone (Levin, 1966; Nathanielsz and Ross, 1967;
Ewing et al., 1973) cannot provide adequate
information about patterns of autonomic failure,
since loss of bradycardia after the manoeuvre
may be due to absence of an arterial pressure
overshoot or to vagal dysfunction. Furthermore,
consideration of the ratio between the heart rate
during the manoeuvre to the heart rate after the
manoeuvre (Levin, 1966; Ewing et al., 1973)
fails to recognize the different mechanisms in-
volved in the tachycardia and the bradycardia.
Thus, in the present study, four subjects (16, 18,
19, and 21) had heart rate ratios in the normal
range used by Ewing et al. (1973), and yet they
showed no bradycardia after the manoeuvre,
relative to the resting heart rate.
As alluded to above, in the absence of an

arterial pressure overshoot after the Valsalva
manoeuvre, the test cannot be used to assess
vagal function. This difficulty is avoided by
using the technique for measuring baroreflex
sensitivity devised by Smyth et al. (1969). In the
present work, five subjects (18-22) were en-
countered who showed little or no arterial
pressure overshoot after the Valsalva man-
oeuvre-an indication of defective vasocon-
strictor function (see Johnson and Spalding,
1974). Interestingly, these subjects all had very
low baroreflex sensitivities; thus it appears that
they had both vasoconstrictor and vagal defects.
Certain other subjects had signs of vagal defects
only (subjects 15-17); however, no subjects
appeared to have normal vagal function
associated with defective vasoconstrictor
mechanisms, as assessed by the present tests.
While this appears to be generally true (Bennett
et al., 1975a), the observations made depend, to
an extent, on the tests used (Bennett et al.,
1975b).

It appears that baroreflex sensitivity is readily
quantitated using the method devised by Smyth
et al. (1969). The present findings indicate a more
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clear-cut differentiation of subjects into normal
and abnormal types using this method than is
possible by examination of their responses to the
Valsalva manoeuvre. An added advantage of the
technique is that it provides a numerical estimate
of baroreflex sensitivity; this raises the possibility
that longitudinal studies may be carried out and
thus the natural history of diabetic neuropathy
may be followed using this and other methods
(Bennett et al., 1975a, b).

We are grateful to Professor A. D. M. Greenfield and
Dr P. H. Fentem for their constructive criticisms of the
manuscript, and to Mrs P. Riggott for technical assistance.
This work was supported by a grant from the Nuffield
Foundation.
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