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Summary. The orthostatic reaction to tilting was
studied in 46 diabetics without symptoms of auto-
nomic neuropathy and in 31 age-matched healthy
control subjects. After tilting, the diastolic blood
pressure rose in the control subjects but was un-
changed or tended to fall in the diabetics, except in
those of short duration without retinopathy. After
tilting, the control subjects showed an immediate
increase in heart rate with the highest value at
8.4 + 1.0 s (mean = SEM), followed by a transient
decrease with lowest value at 21.2 + 0.9 s. The accel-
eration and brake index measured the changes in
heart rate. The brake index was lower in diabetics of
short duration with retinopathy (6.9 £ 1.6) than in
those without (14.4 + 2.3, p <0.01) as well as
matched control subjects (18.7 + 2.5, p <0.01). In
the diabetics of long duration no differences were
shown between those with or without retinopathy but
the acceleration (10.3 £ 1.6 vs 19.9 + 2.3, p <0.05)
and the brake index (5.3 = 1.4 vs 19.9 + 2.3,
p <0.01) were lower in those with vagal neuropathy.
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In 1945 Rundles [1] showed that postural hypoten-
sion in diabetes mellitus was a feature of general
autonomic neuropathy, as later confirmed by others
[2-3].

By the development of new methods it has been
possible to demonstrate vagal defects in the respira-
tory influence on heart rate in autonomic neuropathy
[4-7]. 1t has also been shown that the vagal nerve
regulates the immediate heart rate reaction to stand-
ing up [8]. An active orthostatic test after standing up

is difficult to standardise and needs close patient
cooperation. A passive test on a tilt table is simpler
and gives a better opportunity to measure both the
immediate and late heart rate changes as well as al-
terations in blood pressure. The present study was
designed to evaluate the reaction to tilting in diabet-
ics without autonomic symptoms. Another aim was
to correlate our previous autonomic neuropathy test,
a maximal deep breathing procedure [7], to the
orthostatic findings, and in addition relate these to
retinopathy and the duration of diabetes.

Material and Methods

Subjects

Fifty-two insulin dependent diabetics without symptoms of auto-
nomic neuropathy (according to a questionnaire) were studied. No
patients were taking any medication apart from insulin. Twenty-six
patients (age 20-46 years, mean 31) had short to moderate dura-
tion of diabetes (5-19 years, mean 11) and 13 of these had
developed retinopathy (at 6~15 years of diabetes, mean 11). The
other 13 had no retinopathy but were closely matched with regard
to sex and age (Table 1). There were 6 female and 7 male pairs.

The remaining 26 diabetics (age 35-72 years, mean 55) had
long duration of diabetes (21-49 years, mean 35) and 13 were
without retinopathy. These patients were matched as regards sex
and, as far as possible, age. This group also contained 6 female and
7 male pairs. For technical reasons and because of frequent extra
systoles 3 male subjects and their corresponding match were
excluded. Consequently, 4 male and 6 female pairs were left for
the final assessment.

The control group consisted of 31 volunteers who had passed a
health examination (age 28-74 years, mean 47). Fifteen were
females. When comparing the results, diabetics of short duration
were matched with younger controls, aged 28-48 years, and the
diabetics of long duration with those aged 40-74 years. Thus, 14 of
the controls, aged 40-48 years, appeared in both control groups.
Informed consent was obtained from all subjects.

Procedures

All diabetics had their fundi dilated and underwent ophthalmo-
scopy, performed by the same experienced ophthalmologist. After
a vital capacity test [7] had been performed the subject was fas-
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Table 1. R-R-intervals and heart rate indices on tilting in diabetics of short duration and matched controls

Groups Age Duration of R-R-intervals Acceleration Brake
(years)  diabetes at rest 1 min after 10 min after index index
(years) tilting tilting
s ] s

Controls (2848 years) 402 - 0.90 £ 0.03 0.79 £ 0.03! 0.73 + 0.03% 21013 18725
(n = 21)

Diabetics
Without retinopathy 322> 10+1 0.82 + 0.03 0.62 £ 0.02%1  0.57 £ 0.02>% 224+ 13 144 =23
(n = 13)
With retinopathy 30£2° 13+ 1¢ 0.75 #+ 0.03¢ 0.61 £ 0.02f  0.57 £ 0.02%¢  16.9 + 2.8 6.9 + 1.6
(n = 13)
Normal E/I ratio 32+£2* 111 0.82 £ 0.02 0.61 £0.02> 057 +0.02% 237+ 14 158 +27
and without retinopathy
(n = 10)
Abnormal E/I ratio 313 §+1 0.81 £ 0.11 0.64 + 0.08 0.56 £ 0.11 179 £ .65 99+ 43
and without retinopathy
(n = 3)
Normal E/T ratio 25+£2° 11%1 0.81 £ 0.03 0.62 £ 0.02*" 059 +0.02»7 203 +31 106+ 19
and with retinopathy
(n = 6)
Abnormal E/I ratio 35+28 141! 0.71 £ 0.03%f  0.59 £ 0.03>F  0.55 = 0.03" 14.0 £ 45 3.6 = 2.0°

and with retinopathy
=7

Results are given as mean * SEM. Statistical comparisons were made between diabetics and controls, between diabetics with and without
retinopathy, and in the groups with and without retinopathy between those with abnormal E/I ratio and those with normal E/I ratio. In all
groups the 1 min R-R-interval was compared to that at rest and 10 min. Absence of superscript indicates no statistical difference. 2 p <<0.05
vs controls, ® p <0.01 vs controls, ¢ p <0.001 vs controls, ¢ p <0.05 vs diabetics without retinopathy, ¢ p <0.01 vs diabetics without
retinopathy, { p <0.05 vs diabetics with normal E/I ratio, £ p <0.01 vs diabetics with normal E/I ratio, ® p <0.01 vs at rest, | p <0.001 vs at

rest, I p <0.05 vs 1min, and ¥ p <0.01 vs 1 min
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Fig 1. Schematic changes of the R-R-intervals immediately after
tilting. A = R-R-interval at rest. B = shortest R-R-interval after
tilting. C = longest R-R-interval after B

tened to a tilt table with straps around the upper parts of the chest,
thighs and ankles with his feet on a bottom plate. To start with, the
table was tilted head up in order to familiarise the subject with the
procedure. After that the subject was returned to the supine posi-
tion for 10 min and was then tilted to the upright position (90°) in

2 s and remained so for 10 min. Finally, a tilt back manoecuvre to
the supine position was performed and the subject remained in
that position for another minute. Continous electrocardiographic
(ECG) recording was started 1 min before tilting and was finished
1 min after return to the supine position. Systolic and diastolic
blood pressures were recorded indirectly in the right arm with a
sphygmomanometer 4 min before tilting and then every minute.

Evaluation of Heart Rate. A normal R-R-interval curve before and
during the first minute of the orthostatic test is shown in Figure 1.
After tilting, there was an immediate acceleration in heart rate.
Among the controls the mean shortest R-R-interval (B) was 8.4 &
1.0 s after tilting. The acceleration phase was followed by a tran-
sient decrease in heart rate with the lowest value (longest R-R-
interval = C) 21.2 + 0.9 s after tilting.

Calculations. The R-R-intervals were measured during the first
30 s of the last min before tilting and the mean value was taken as
the R-R-interval at rest (A in Fig. 1). During the first minute after
tilting the shortest R-R-interval (B) before the transient decrease
was selected as well as the longest (C) after B. The mean R-R-
intervals were then determined every minute. Al R-R-intervals
were expressed in seconds. To further clarify the initial changes,

A-B -
we estimated - X 100 (acceleration index) and T X 100

(brake index). In addition, the ratio between the 30th R-R-inter-
val in upright position and the 15th was calculated (30:15 ratio)
[8]. Comparisons of the R-R-intervals and blood pressures were
made between rest, 1, and 10 min after tilting,

Vital Capacity Test. In brief, 6 maximal expirations and inspira-
tions were performed during 1 min of continous ECG-recording.
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Table 2. Blood pressure changes on tilting in diabetics of short duration and matched controls

Diastolic blood pressure (mm Hg)

Groups Systolic blood pressure (mm Hg)
at rest 1 min after 10 min after at rest 1 min after 10 min after
tilting tilting tilting tilting
Controls (28-48 years) 116 + 3 114 £ 3 113+ 3 73+ 2 77 £ 2° 80 £ 2
(n = 21)
Diabetics
Without retinopathy 118 £ 4 117 £ 6 113+ 5 76 £ 3 83 + 3¢ 82 + 4
(n = 13)
With retinopathy 122 £3 121 £ 5 118+ 5 82 £ 3? 84 + 2 85+ 3
(n = 13)
Normal E/I ratio 117 £ 4 114 £ 7 110 £ 5 74 + 3 80 + 44 78 £3
and without retinopathy :
(n = 10)
Abnormal E/I ratio 122 £7 1255 128 + 13 837 93 + 2P 100 + sb¢
and without retinopathy
(= 3)
Normal E/I ratio 116 £ 2 114 £ 3 113 £ 2 86 + 4° 86 + 4 86 + 4
and with retinopathy
(0 = 6)
Abnormal E/I ratio 127 + 52 126 £ 9 122 + 8 78+ 3 813 83 +3

and with retinopathy
(n=7)

Results are given as mean = SEM. Statistical comparisons were made between diabetics and controls, between diabetics with and without
retinopathy, and in groups with and without retinopathy between those with abnormal E/I ratio and those with normal E/I ratio. In all
groups the 1 min value was compared to that at rest and 10 min. Absence of superscript indicates no statistical difference. # p <0.05 vs
controls, ® p <0.01 vs controls, © p <0.05 vs diabetics with normal E/T ratio, ¢ p <0.05 vs at rest, and  p <0.01 vs at rest

The E/I ratio was calculated from the mean values of the longest
R-R-intervals during expiration (E) and the shortest during inspi-
ration (I). A ratio less than the mean of the controls — 1SD was
considered abnormal (in short duration <1.18 and in long dura-
tion <1.12).

Statistical Analysis. Two-tailed t-tests for unpaired and, when
appropriate, paired data were used. Indices and ratios were ana-
lysed by two-tailed Mann-Whitney U-test and Wilcoxon signed
rank test because of non-normal distribution. Results are given as
mean £ SEM.

Results

Retinopathy and Duration

In the diabetics of short duration, the mean R-R-
interval at rest (Fig. 2 and Table 1) was significantly
shorter in those with retinopathy than in the controls.
After tilting, the R-R-intervals decreased signifi-
cantly between rest and 1 min as well as between
1min and 10 min in the diabetics with or without
retinopathy and in the controls. The mean brake
index was significantly lower in the diabetics with
retinopathy.

Diastolic blood pressure rose significantly during
the first minute in the controls as well as in the dia-
betics without retinopathy, but not in those with
retinopathy (Table 2).
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Fig 2. Heart rate changes during the orthostatic test in diabetics of
short duration and matched controls. Vertical bars = 1 SEM. B,
subjects returned to the supine position. x — x, controls (n=21);
A~/ diabetics without retinopathy (n=13); A—A, diabetics
with retinopathy (n=13)
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Table 3. R-R-intervals and heart rate indices on tilting in diabetics of long duration and matched controls

Groups Age Duration R-R-intervals Acceleration Brake
(years)  diabetes at rest 1 min after 10 min after index index
(years) tilting tilting
s s s

Controls (40-74 years) 53 +2 - 0.91 £ 0.03 0.80 * 0.03! 0.76 + 0.03" 17.0 £ 1.5 142+ 1.8
(n = 24)

Diabetics
Without retinopathy 56 =4 39+ 2 0.80 = 0.04° 0.66 + 0.03>'  0.60 £ 0.02%% 154 +27 11.0+ 39
(n = 10)
With retinopathy 49 + 3¢ 30+ 2d 0.76  0.05° 0.64 + 0.02%¢  0.59 + 0.02%7 128 £2.1 10.7 £ 3.0
(n = 10)
Normal E/I ratio 517 35+3 0.87 = 0.04 0.72 £ 0.02 0.62 = 0.02 221+32 198+ 77
and without retinopathy
(n=4)
Abnormal E/I ratio 605 41+3 0.76 = 0.06 0.62 £ 0.05>"  0.59 + 0.04>7  11.0 £ 2.8 5.1+ 2.1P
and without retinopathy
(n =6)
Normal E/I ratio 44+4 31=x4 0.77 £ 0.11 0.62 £ 0.06 0.56 + 0.032 17.7 £ 34 191 £ 35
and with retinopathy
(n=4)
Abnormal E/I ratio 53+£3 2942 0.76 + 0.04° 0.65 £ 0.02°"  0.62 + 0.03 9.6 +2.0°0 5.0+ 235

and with retinopathy
(n = 6)

Results are given as mean + SEM. Statistical comparisons were made between diabetics and controls, between diabetics with and without
retinopathy, and in the groups with and without retinopathy between those with abnormal E/I ratio and those with normal E/I ratio. In all
groups the 1 min R-R-interval was compared to that at rest and 10 min. Absence of superscript indicates no statistical difference. # p <0.05
vs controls, ® p <0.01 vs controls, ® p <0.001 vs controls, ¢ p <0.05 vs diabetics without retinopathy, ¢ p <0.01 vs without retinopathy,
fp <0.05 vs diabetics with normal E/I ratio, & p <0.05 vs at rest, P p <0.01 vs at rest, | p <0.001 vs at rest, ip <0.05 vs 1 min, ¥ p <0.01

vs 1 min, and ! p <0.001 vs 1 min
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Fig 3. Heart rate changes during the orthostatic test in diabetics of
long duration and matched controls. Vertical bars = 1 SEM. B =
subjects returned to the supine position. x — x, controls (n=24);
A—~A, diabetics without retinopathy (n=10); A—A, diabetics
with retinopathy (n=10)

In the diabetics of long duration the mean R-R-
interval at rest (Fig. 3 and Table 3) was significantly
shorter in those with as well as without retinopathy
than in the controls. Again the R-R-intervals
decreased significantly between rest and 1 min as
well as between 1 min and 10 min in the diabetics and
in the controls. The mean acceleration and brake
index did not differ significantly between the diabet-
ics and the controls. Patients with diabetes of long
duration had a significantly lower mean acceleration
index than those of short duration (14.2 + 1.7 vs
19.6 £ 1.6, p <0.01). No difference was shown in the
brake index (10.8 = 2.3 vs 10.6 £ 1.6).

At rest, the mean systolic blood pressure was sig-
nificantly higher in the diabetics (Table 4). The dia-
stolic pressure rose significantly during the first
minute in the controls but not in the diabetics, with or
without retinopathy.

Vital Capacity Test

In the diabetics of short duration abnormal E/I ratio
was shown in 7 patients with retinopathy and in 3
without. In these 10 patients the mean E/I ratio was
significantly lower in those with retinopathy (1.06 =
0.01 vs 1.14 * 0.01, p <0.05). Diabetics with an
abnormal ratio and retinopathy had significantly



G. Sundkvist et al.: Responses to Tilting in Diabetics

437

Table 4. Blood pressure changes on tilting in diabetics of long duration and matched controls

Groups Systolic blood pressure {(mm Hg)

Diastolic blood pressure (mm Hg)

at rest - 1 min after 10 min after at rest 1 min after 10 min after
tilting tilting tilting tilting
Controls (40-74 years) 122 £ 3 120 £ 4 118 £ 3 76 £ 2 82 + 28 82 + 2
(n = 24)
Diabetics
Without retinopathy 134 + 42 127 £ 5 120+ 6 78 £ 3 74 + 32 73 £ 32
(n = 10)
With retinopathy 140 + 5° 131 £ 4 132 + 52 80 £ 2 79 £3 82+ 3
(n = 10)
Normal E/T ratio 129 + 8 136 + 7 130 £ 9 83+ 4 83+ 3 81 +2
and without retinopathy
(n=4)
Abnormal E/I ratio 138 + 52 119 + 5¢ 113 £ 8 74 £ 3 68 + 3bd 68 + 3bd
and without retinopathy
(n=6) :
Normal E/I ratio 134 £ 10 128 £ 7 130 £ 11 80 £ 5 83+ 5 88+ 3
and with retinopathy
(n=4)
Abnormal E/I ratio 144 £ 5P 133+ 6 133 + 62 79+ 2 77 3 78 = 4

and with retinopathy
(n=6)

Results are given as mean £ SEM. Statistical comparisons were made between diabetics and controls, between diabetics with and without
retinopathy, and in the groups with and without retinopathy between those with abnormal E/I ratio and those with normal E/I ratio. In all
groups the 1 min value was compared to that at rest and 10 min. Absence of superscript indicates no statistical difference. 2 p <0.05 vs
controls, ® p <0.01 vs controls, ° p <0.001 vs controls, 9 p <0.01 vs diabetics with normal E/I ratio, © p <0.05 vs at rest, { p <0.01 vs at rest,

and £ p <0.001 vs at rest

shorter mean R-R-interval at rest than the others
with retinopathy as well as the controls (Table 1). In
addition their mean brake index was significantly
lower than in the controls.

In the diabetics of long duration, the prevalence
of an abnormal E/I ratio did not differ between those
with or without retinopathy (Table 3). The number
of patients was small in the different subgroups. We
compared all patients of long duration with an abnor-
mal E/I ratio to all with normal. Those with an
abnormal ratio had significantly lower mean acceler-
ation (10.3 £ 1.6 vs 19.9 £ 2.3, p <0.05) as well as
brake index (5.3 = 1.4 vs 19.5 = 3.9, p <0.01).

The 30:15 Ratio

In the diabetics of short duration 10 out of 26 had an
abnormal ratio, as also found in 10 out of 21 matched
controls. The prevalence in the diabetics of long
duration and their matched controls was 13/20 and
14/24.

Discussion

The diastolic blood pressure rises normally after tilt-
ing [9]. Here a lack of rise was shown in diabetics
with retinopathy. The abnormality was even present

in diabetics of long duration without retinopathy.
The impaired diastolic reaction points towards
peripheral sympathetic lesions. This abnormality may
be a simple sign of early sympathetic denervation.
The diastolic abnormality was sometimes present in
diabetics without vagal damage. Thus sympathetic
defects may appear before parasympathetic damage.

Diabetics with vagal neuropathy have increased
heart rates at rest [4]. Here this was confirmed in the
diabetics with abnormal vital capacity tests.

The normal heart rate reaction during the first
minute after tilting is complicated and only partly
understood. The immediate increase, here estimated
as the acceleration index, has been proposed to be
due to withdrawal of vagal tone evoked by pressure
changes at the baroreceptors of the carotid sinus and
aorta [10]. This theory is supported by our finding of
significantly lower values of the acceleration index in
the diabetics of long duration with abnormal vital
capacity tests. However, the patients of long duration
had significantly lower acceleration indices than
those of short duration. Thus, other mechanisms
apart from neuropathy may cause low acceleration
indices. Poor circulatory responses in elderly healthy
subjects have been related to increased vascular stiff-
ness with decreases in venous compliance and
baroreceptor reflexes [11]. Patients with a long dura-
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tion of diabetes probably develop such changes pre-
maturely. This is supported by our finding of signifi-
cantly higher systolic blood pressures before tilting in
the diabetics of long duration.

The transient decrease in heart rate during the
first minute after tilting, here estimated by the brake
index, might well be caused by changing vagal tone as
a primary response, or possibly secondary to in-
creased peripheral resistance induced by sympathetic
counter mechanisms which peak 10-20 s after tilting
[10]. If secondary this would be analogous to the
decrease in heart rate after the Valsalva manoeuvre
[12]. There were significantly lower brake indices in
the diabetics with abnormal vital capacity tests, sug-
gesting vagal dysfunction. In contrast to the accelera-
tion index, no significant changes in the brake index
was shown with increased duration of diabetes.
Apparently, abnormalities in the brake index are
specific for neuropathy. During active standing the
same type of defect in brake function has been shown
in diabetics with autonomic neuropathy having pos-
tural hypotension [8]. Apart from vagal neuropathy
low brake indices could reflect an impaired
peripheral vascular reaction secondary to the sym-
pathetic lesions discussed above, or to plasma volume
reduction. Losses of intravascular water and protein
by insulin injections have been documented [13],
although recently questioned [14]. As we could not
find any difference in insulin dose between groups
with differing blood pressure responses, this explana-
tion seems unlikely. Sympathetic lesions are more
probable. The afferent impulses from the barorecep-
tors and the efferent sympathetic fibres to the heart
were functioning, as the heart rate increased between
rest and 1 min even in patients with abnormal vital
capacity tests.

A classical feature in diabetics with severe auto-
nomic neuropathy is the absence of a prompt rise in
heart rate after tilting or standing up [3]. The absent
reaction has been suggested to be a reliable sign of
autonomic neuropathy [15]. Our study shows that the
impaired rise in heart rate is a late phenomenon pre-
ceded by peripheral sympathetic lesions and cardiac
vagal neuropathy. This concept has support from ear-
lier studies showing that diabetics with orthostatic
symptoms often have tachycardia 1, 16, 17]. Fur-
thermore, none of our patients developed orthostatic
symptoms, not even those with significant systolic
pressure reductions. In active standing it has been
shown that the 30:15 ratio is another reliable sign of
autonomic neuropathy [8]. Evidently this is not true
after tilting.

Although the vital capacity test is easier to per-
form, the orthostatic indices are more reliable when
patient cooperation is doubtful. The orthostatic test
gives, by the recording of the diastolic pressure, an

G. Sundkvist et al.: Responses to Tilting in Diabetics

opportunity to register sympathetic damage in addi-
tion to parasympathetic. The procedure is innocuous
and suitable in prognostic studies of autonomic
neuropathy as well as in clinical work.
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