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Summary. Plasma concentrations of adrenaline and noradren- 
aline were measured radio-enzymatically in nine patients with 
diabetic autonomic neuropathy, seven diabetic patients with- 
out autonomic neuropathy and nine normal subjects, in the 
recumbent position and after standing. Furthermore, in six 
patients with autonomic neuropathy and in the normal sub- 
jects, plasma noradrenaline and adrenaline concentrations 
were determined during and after cyclo-ergometer exercise. 
No differences in plasma adrenaline concentrations were 
found at any time in the study. Basal plasma noradrenaline 
levels were significantly lower in diabetic patients with auto- 
nomic neuropathy than in the non-neuropathic diabetics or 
healthy control subjects. After standing, plasma noradrena- 
line rose to significantly higher levels in both control and di- 
abetic subjects without neuropathy than in the patients with 

autonomic neuropathy. During exercise (up to 100 W load), 
plasma noradrenaline rose to similar levels in healthy controls 
and in patients with diabetic neuropathy. These data indicate 
that in diabetic autonomic neuropathy there is reduced pe- 
ripheral neurosympathetic tone at rest but a normal response 
to moderate exercise. Blunted neurosympathetic responses to 
standing seem to be a consistent feature of diabetic autonomic 
neuropathy, particularly in those patients with severe postural 
hypotension. 
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Autonomic  neuropathy in diabetes mellitus produces a 
variety of  different symptoms and signs due to variable 
involvement of  the sympathetic and parasympathet ic  
branches of  the autonomic  nervous system [6, 14, 16]. 

Plasma catecholamine levels have been investigated 
in only a few studies in recent years, as a possible hu- 
moral  index of  sympathetic function in complicated or 
uncomplicated diabetes. While the results obtained 
from these studies indicate that plasma catecholamine 
levels in uncomplicated diabetes are normal,  the fre- 
quency of  sympathetic deficiency, as reflected by sub- 
normal plasma noradrenal ine concentrations, in diabet- 
ic autonomic neuropathy and its possible importance in 
relation to symptoms, such as postural hypotension,  is 
less clear [1, 9, 10, 12, 19]. This uncertainty could be due, 
at least in part, to difficulties in the accurate measure- 
ment  o f  catecholamine responses and also in the char- 
acterization of  diabetic autonomic  neuropathic  syn- 
dromes. 

The present investigation was aimed at evaluating 
peripheral  sympathetic function and reactivity to ap- 
propriate stimuli, such as standing and muscular  exer- 

cise, in diabetic patients with autonomic neuropathy,  
compared  with diabetics without neuropathy and nor- 
mal subjects. For this purpose, the presence of  diabetic 
autonomic neuropathy was ascertained from a series of  
clinical and instrumental evaluations. Plasma adrena- 
line and noradrenaline concentrations, measured by a 
sensitive and specific radio-enzymatic method,  were 
utilized as indices of  neurosympathetic  and adreno- 
medullary function [4, 5]. 

Patients and Methods 

Nine diabetic patients with autonomic neuropathy (mean age 37 
years, range 24-49 years, eight men and one woman), seven diabetic 
patients without signs of peripheral autonomic or somatic neuropathy 
(mean age 37 years, range 23-47 years, six men and one woman) and 
nine healthy volunteers (mean age 33 years, range 23-50 years, eight 
men and one woman) were admitted to the study after informed con- 
sent was obtained. 

Autonomic neuropathy was detected by taking careful histories 
and measuring parameters, such as the response during the Valsalva 
manoeuvre and the standing test (Table 1). The response to the Valsal- 
va manoeuvre was expressed as Valsalva ratio: values of 1.1 or less 
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Table 1. Clinical data for nine patients with diabetic autonomic neuropathy 

Patient Sex Age Duration of Type of Other conditions Symptoms Postural Valsalva Abnormal 
(years) diabetes therapy hypotension ratio electro- 

(years) neurography 

1 M 35 2 Insulin None a + 1.02 + 
2 M 36 16 Insulin None a, c + 1.15 + 
3 M 39 3 Insulin Retinopathy a - 1.04 + 
4 F 36 14 Insulin Retinopathy, mild b + not performed + 

hypertension 
5 M 49 0.5 Oral Retinopathy a + 1.03 + 
6 M 24 16 Insulin None b + 1.17 + 
7 M 43 6 Oral None a, c + 1.15 not performed 
8 M 40 14 Insulin Retinopathy, renal a, b, c, d + 1.01 + 

failure, hypertension 
9 M 35 18 Insulin Retinopathy, renal a, b, c, d + not performed + 

failure, hypertension 

a = impotence; b = impaired perception ofhypoglycaemia; c = post-prandiat sweating; d = diabetic diarrhoea. + = present; - = absent 

Table 2. Plasma adrenaline and noradrenaline concentrations, heart rate, systolic and diastolic blood pressure in diabetic patients with and with- 
out autonomic neuropathy and in non-diabetic control subjects in the supine position and after 5 min standing 

Healthy subjects Diabetics without neuropathy Diabetics with neuropathy 

Supine Standing A Supine Standing A Supine Standing A 

Noradrenaline (pg/ml) 275 + 38 574 _+ 94 
Adrenaline (pg/ml) 37 _+ 9 57 + 18 
Systolic blood pressure 119 _+ 4 123 _+ 5 
(mmHg) 
Diastolic blood pressure 75 _+ 2 82 _+ 2 
(mmHg) 
Heart rate (beats/min) 65 + 3 80 _+ 4 

299 + 53 257 + 22 482 _+ 40 225 + 34 169 + 27" d 312 _+ 35". e 143 _+ 30 a 
2 0 + 1 2  6 2 + 2 1  6 1 + 1 7  - 1 + 1 1  4 9 +  9 4 7 + 1 2  - 2 +  6 

4_+ 3 128+ 4 138+ 6 10_+ 3 135+ 6" 124+ 5 - 1 1 +  2 c'f 

7_+ 2 85 • 2 b 91 • 28 6 +  2 85 • 2 b 8 6 +  2 1 + 2 a 

1 5 +  2 72_+ 4 85_+ 4 1 3 +  2 76_+ 4 87_+ 5 1 1 +  6 

Results are expressed as mean _+ SEM of nine healthy subjects, seven diabetic patients without and seven with autonomic neuropathy. A = abso- 
lute increments over basal (supine) values. Statistical significance among groups: a p < 0.05; b p < 0.01; C p =< 0.001 versus normal subjects; 
d p < 0.05; e p < 0.01 ; f p < 0.001 versus diabetic patients without neuropathy. For significance versus supine position see text 

were considered abnormal. Postural hypotension was defined as a fall 
in systolic blood pressure of 20 mmHg or more 5 min after standing [7, 
25]. Furthermore, electroneurography, which included studies of mo- 
tor and sensory nerve conduction velocity and electromyography, was 
carried out by the method of Buchtal et al. [2, 3, 7], to ascertain the 
presence of somatic neuropathy. 

The clinical data for the diabetic patients with neuropathy are giv- 
en in Table 1. Patients 8 and 9 also had renal failure, a condition 
which per  se can alter plasma catecholamine concentrations [8, 21]. 
Therefore, the results for these patients were evaluated separately and 
not averaged with those for the other neuropathic subjects. Among 
the seven diabetic patients without autonomic neuropathy, four were 
on insulin and three on oral hypoglycaemic therapy. The mean dura- 
tion of diabetes in these patients was 7 _+ 4 years (SD). 

No patient had been in ketoacidosis during the 7 days before the 
study. No insulin or oral therapy was given to patients on the morning 
of the test; however, no patient had a blood glucose > 11.1 mmol/1 at 
the end of the experiment. 

For convenience, all subjects were studied in the afternoon, at 
least 3 h after lunch, since a pilot study had shown that blood pressure 
and catecholamine levels in the standing test were the same in the 
morning and afternoon. After a 30-min period of rest in the supine po- 
sition, a catheter (Abbocath-T 18-G x 2 inches) was inserted into an 
antecubital vein. The cuff of a mercury sphygmomanometer was 
placed on the opposite arm and electrodes were placed for electro- 
cardiographic recording to determine heart rate and to observe possi- 
ble changes in the trace. 

Thirty minutes later, basal heart rate and blood pressure values 
were checked and 3 ml of blood were drawn for plasma catechol- 

amine assay. The patients were then asked to stand up and after 5 rain 
standing, blood pressure and heart rate were recorded again and 
blood samples were drawn. The patients then sat on a bicycle ergome- 
ter (Ergometry System 380, Elema SchOnander, Stockholm, Sweden) 
and 25 min later underwent three consecutive 5 min exercise periods, 
one with a 50 and two with t00 W loads. The limited work load was 
chosen in case of possible latent cardiovascular disease. Blood sam- 
ples were drawn immediately before the cyclo-ergometric test, at the 
end of each 5 min exercise period, and after 2.5 and 5 min of recovery. 
Heart rate and blood pressure were measured at the same times. The 
diabetic patients without autonomic neuropathy, the two neuropathic 
subjects with renal failure (nos. 8 and 9) and the hypertensive woman 
with autonomic neuropathy (no. 4) were not included in this phase of 
the study. 

Adrenaline and noradrenaline levels were measured in 50 lxl plas- 
ma by the radio-enzymatic method of Da Prada and Ztircher [13]. The 
sensitivity of the assay was 1 pg for both adrenaline and noradrena- 
line. Intra-assay and inter-assay coefficients of variation (on 12 deter- 
minations) were 9.6 and 12.1 for adrenaline; 7.2 and 9.0 for noradren- 
aline. Statistical analysis was performed by the two-tailed paired or 
unpaired Student's t-test. Data are expressed as mean + SEM. 

Results 

P l a s m a  n o r a d r e n a l i n e  l eve l s  u n d e r  r e s t i n g  c o n d i t i o n s  

w e r e  s i g n i f i c a n t l y  l o w e r  i n  n e u r o p a t h i c  p a t i e n t s  t h a n  

i n  e i t h e r  d i a b e t i c  p a t i e n t s  w i t h o u t  n e u r o p a t h y  o r  i n  
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Fig. 1. Plasma adrenaline and nor- 
adrenaline concentrations, heart 
rate, systolic and diastolic blood 
pressure in diabetic patients with au- 
tonomic neuropathy (----) and in 
non-diabetic control subjects (---) ,  
during and after cyclo-ergometric 
exercise in the sitting position. Each 
point represents the mean _+ SEM 
for nine healthy subjects or six dia- 
betic patients with autonomic neu- 
ropathy. Patients underwent three 
consecutive 5 rain exercise periods 
at 50,100 and 100 W loads. (For sta- 
tistical significance versus 0 time 
see text) 

healthy volunteers (Table 2). Plasma adrenaline levels 
were not significantly different in the three groups 
(Table 2). 

Both basal systolic and diastolic blood pressure val- 
ues of the neuropathic diabetic patients were signifi- 
cantly higher than in the normal subjects but were not 
significantly different from those of the diabetic pa- 
tients without neuropathy, who also had higher diastol- 
ic blood pressure values than control subjects (Table 2). 
No significant differences in the heart rate under resting 
conditions were observed in the three groups of pa- 
tients, although the heart rate was slightly higher in neu- 
ropathic diabetic patients than in the other groups. The 
two neuropathic patients with renal failure (Nos. 8 and 
9, Table 1), as in the other neuropathic patients, had low 
plasma noradrenaline levels (138 and 156 pg/ml) but 
much higher blood pressure values (190/110 and 
210/130 mmHg). 

Plasma noradrenaline concentrations rose signifi- 
cantly in all groups of patients after 5 rain standing (p < 
0.01 in controls, p < 0.001 in diabetics without neurop- 
athy and p < 0.01 in diabetics with neuropathy), but to 
significantly lower absolute values in the neuropathic 
patients (Table 2). The increase in noradrenaline (A) 
was less in neuropathic patients than in control subjects 
(Table 2), although it was similar in the three groups 
when calculated as a percentage of the basal values (85, 
88 and 108% in diabetic patients with neuropathy, with- 
out neuropathy and in control subjects, respectively). 
Plasma adrenaline levels remained unmodified during 
standing (Table 2). 

In both normal subjects and diabetic patients with- 
out neuropathy systolic blood pressure tended to in- 
crease slightly after 5 min standing, whereas it de- 

creased in neuropathic patients with a mean variation 
from basal values significantly different from those of 
the other two groups (Table 2). Moreover, diastolic 
blood pressure did not change in diabetic neuropathic 
patients on standing, whereas it increased significantly 
(p < 0.05) in both normal subjects and in diabetics 
without neuropathy. Increased heart rate after standing 
was observed in all three groups (Table 2). However, 
this increase was statistically significant only in controls 
(p < 0.01) and in diabetics without neuropathy (p < 
0.05). 

The two neuropathic patients with renal failure 
(Nos.8 and 9) had severe orthostatic hypotension (A 
systolic blood pressure: - 8 0  and - 7 2 ;  A diastolic 
blood pressure: - 3 5  and - 3 0  mmHg after 5 min 
standing) with minor changes in plasma noradrenaline 
concentrations (A : - 34 and + 60 pg/ml plasma). 

Plasma noradrenaline levels in the sitting position 
before cyclo-ergometric exercise were somewhat lower, 
although not significantly so, in diabetic neuropathic 
patients than in healthy volunteers (Fig. 1). Exercise in- 
duced significant increases (p < 0.05 when compared 
to basal values from min 10) in plasma noradrenaline 
concentrations in both neuropathic patients and in nor- 
mal subjects. Although plasma noradrenaline levels re- 
mained lower in neuropathic patients, they did not dif- 
fer significantly from those of the controls at any time 
studied (Fig.l). Moreover the absolute noradrenaline 
increases from pre-exercise values were quite similar in 
both groups (A = 279 _+ 65 and 272 ___ 76 pg/ml plas- 
ma at 15 min in neuropathic patients and in controls re- 
spectively, corresponding to 102 and 70% of the basal 
values). During the 5 min recovery period after exercise, 
plasma noradrenaline levels of the controls returned to 
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basal values while those of neuropathic patients re- 
mained significantly higher (p < 0.05) than the basal 
ones (Fig. 1). 

Only moderate increases in plasma adrenaline con- 
centrations were observed in either neuropathic pa- 
tients or control subjects during exercise, with the in- 
crease statistically significant (p < 0.05) at 15 min in the 
neuropathic patients. Heart rate and systolic blood 
pressure rose significantly (p < 0.05 versus basal values 
from rain 10) in both neuropathic patients and control 
subjects (Fig. 1). No significant differences in heart rate 
and blood pressure were observed between the two 
groups during exercise. 

Discussion 

Evidence for defective peripheral sympathetic function 
in diabetic autonomic neuropathy based on estimation 
of plasma noradrenaline levels is rather scanty. Chris- 
tensen [9] found low total plasma catecholamines 
(mainly noradrenaline), under basal conditions and aft- 
er standing, in nine diabetics with peripheral neuropa- 
thy. The same investigator found normal basal plasma 
noradrenaline levels but impaired release during exer- 
cise in six juvenile diabetics with autonomic neuropathy 
[18]. In the study of non-ketotic diabetic patients by 
Cryer et al. [12], seven of ten patients with postural hy- 
potension had low plasma noradrenaline at rest and aft- 
er standing. Beretta-Piccoli et al. [1] reported that the in- 
cidence of postural hypotension was equally distributed 
between their diabetic patients with low and normal 
plasma noradrenaline. 

In our study, diabetic subjects with signs of auto- 
nomic and peripheral neuropathy had lower basal plas- 
ma noradranaline concentrations than either normal 
subjects or diabetics without neuropathy, while adrena- 
line levels are similar, indicating decreased noradrena- 
line release from sympathetic nerve terminals and nor- 
mal adreno-medullary function at rest. 

On standing, neuropathic patients showed a tenden- 
cy to postural hypotension, which, however, was more 
pronounced in some patients during preliminary tests 
than during the experiment. Reflex neurosympathetic 
activation [11, 20] was present, as indicated by the in- 
creased plasma noradrenaline concentrations during 
standing. However, the absolute concentrations were 
lower and the noradrenaline increments over the basal 
values were lesser in neuropathic diabetics than in pa- 
tients with uncomplicated diabetes and in normal sub- 
jects. 

Since in neuropathic patients the basal neurosym- 
pathetic activity was set lower, the question arises 
whether or not their neurosympathetic response to 
standing is different from that of  healthy individuals 
with low sympathetic activity. An analysis of the results 
obtained for 18 normal subjects with basal plasma nor- 
adrenaline levels below 200 pg/ml (mean value 153 + 

7 pg/ml), selected from a group of 53 healthy volunteers 
previously studied for other purposes, showed a neuro- 
sympathetic response to postural stimulation which was 
greater, although not significantly, than that found in 
our neuropathic diabetics (350 _+ 26 pg noradrena- 
line/ml plasma at 5 min standing, with an increment of 
197 + 23 pg/ml, corresponding to a 129% increase over 
basal value). Therefore, it seems that the neurosympa- 
thetic response to standing in our neuropathic patients 
cannot be considered to be definitely abnormal, even 
though it appears to be somewhat blunted. It is difficult 
to know whether this blunted response plays a primary 
or only a contributory role in the tendency to orthostatic 
hypotension. However, it is worth noting that patient 
No. 3, who never had postural hypotension, had a nor- 
adrenaline response to standing quite similar to those of 
normal subjects (202 supine and 452 pg/ml plasma aft- 
er standing). By contrast, there was either no plasma 
noradrenaline increase or a markedly defective one, 
with severe orthostatic hypotension, in the two diabetic 
neuropathic patients with renal failure and hyperten- 
sion (Nos. 8 and 9). 

When examined for their sympatho-adrenal re- 
sponses to muscular exercise, the neuropathic diabetics 
showed sustained increases in plasma noradrenaline, 
indicating that the sympathetic neuronal systems of 
these patients are able to persistently increase activity. 
As shown by the moderate rises in plasma adrenaline, 
the work load used was too small to markedly influence 
the adreno-medullary activity, as would a more strenu- 
ous effort [19, 22]. 

A comparative analysis of the neurosympathetic 
and cardiovascular responses to a standard work load 
did not show any differences between diabetics with 
neuropathy and normal subjects. In a previous study, 
Hilsted et al. [19] found low plasma noradrenaline con- 
centrations in neuropathic diabetics, both in relation to 
the relative work load and to exhaustion. In our study, 
the work load was limited and plasma noradrenaline 
levels were compared only for a standard work load. 
Since physical work capacity has been shown to be re- 
duced in diabetic neuropathy [18], it is likely that the rel- 
ative work load in our study was greater for the neuro- 
pathic patients than for the control subjects. It should 
also be noted that Hilsted et al. [19] matched diabetic 
patients with and without autonomic neuropathy, while 
our control group consisted of normal subjects as it is 
known that diabetic patients without neuropathy can 
have greater plasma catecholamine increases during ex- 
ercise than healthy subjects [26]. Moreover, our patients 
did not receive insulin on the day of the experiment, 
since insulin is known to affect the autonomic nervous 
system, causing hypovolaemia and lowering cardiac 
filling pressure [17, 23, 24]. 

In conclusion, low resting plasma noradrenaline 
concentrations and blunted noradrenaline responses to 
standing seem to be consistent features of diabetic auto- 
nomic neuropathy, especially in those patients with se- 
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vere postural hypotension. It remains unclear whether 
the blunted noradrenaline response to standing is attrib- 
utable to a simple defect in efferent sympathetic func- 
tion or to a more general autonomic disorder involving 
other components of the baroreceptor reflex arc. 
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