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Summary Abnormal  vascular reactivity has been im- 
plicated in the aetiology of diabetic microvascular 
disease and we have previously demonst ra ted  en- 
hanced contractility of hand veins to noradrenal ine 
in insul in-dependent  diabetic ( IDDM) patients with 
microalbuminuria.  We have now assessed the possi- 
ble contribution of subclinical peripheral  nerve dys- 
function to exaggerated vascular reactivity in micro- 
albuminuric patients. Twenty-five I D D M  patients 
(15 with microalbuminuria),  none  of whom had 
symptomatic  neuropathy, and 10 control  subjects 
were studied. Vasoconstrictor responses were mea- 
sured in dorsal hand veins using noradrenal ine and 
phenylephrine.  Conduct ion in median,  peroneal  and 
sural nerves was assessed using electrophysiology, 
and autonomic function using standard cardiovascu- 
lar reflex tests. The noradrenal ine dose causing 50 % 
vasoconstriction was significantly lower in the micro- 
albuminuric diabetic subjects compared  with nor- 
moalbuminur ic  (3.6(1.7) mean  (SEM) ng/min vs 
20.1(6.0) ng/min, p = 0.0002) and non-diabetic sub- 
jects (35.1(5.0) ng/min; p < 0.0001). However,  reactiv- 
ity to phenylephrine did not differ between the 
groups. Median  nerve motor  conduction velocity was 

significantly slower in microalbuminuric (48.4(1.4) 
m/s) than in normoalbuminuric  (52.7(1.2) m/s, 
p = 0.04) and non-diabetic subjects (56.7(0.9) m/s, 
p = 0.0001). In the diabetic group overall, there was 
a strongly positive linear correlation between vascu- 
lar response to noradrenaline and conduction veloci- 
ty in both the median  nerve (r = 0.62, p = 0.0009) 
and peroneal  nerve (r = 0.53, p = 0.006). There was 
no correlation between phenylephrine- induced re- 
sponses and motor  conduction velocity in either 
nerve, nor  were indices of autonomic function corre- 
lated with vascular reactivity to either agent. En- 
hanced vascular reactivity to noradrenal ine ((x 1- and 
a2-agonist), but not phenylephrine (ch-agonist only), 
in subclinical neuropathy is correlated with severity 
of nerve damage. This suggests that damage to pre- 
synaptic inhibitory a2-adrenoceptors is in part re- 
sponsible for the exaggerated vascular responses 
found in microalbuminuric subjects. [Diabetologia 
(1994) 37: 1056-1061] 
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Vascular tone is de termined by neural and hormonal  
influences, including noradrenal ine (NA) [1], which 
acts on vascular smooth  muscle (x-adrenoceptors to 
cause vasoconstriction. These receptors can be stimu- 
lated by N A  released locally f rom sympathetic nerve 
endings, and into the circulation from nerve endings 
and the adrenal medulla. We have previously report- 
ed that  vascular reactivity to NA is exaggerated in 
normotensive insulin-dependent  diabetic ( IDDM) 
patients with incipient nephropathy  [2]. We mea- 
sured vascular responses in veins on the dorsum of 
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Table 1. Characteristics of subjects studied 
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IDDM Patients 

Microalbuminuria Normoalbuminuria 

Non-diabetic 
subjects 

n 15 
Age (years) 40.7(3.7) 
Duration of diabetes (years) 20.3(2.3) 
MAP (ram Hg) 99.6(1.9) ~ 
HbA 1 (%) 11.2(0.6) 
AER (rag/24 h) 105.3(20.0) b 

10 10 
43.4(2.5) a 34.2(3.8) 
22.2(3.1) 
98.3(3.8) a 84.1(1.8) 
10.3(0.5) 
12.2(2.3) 

Data are presented as mean (SEM). ap < 0.01 vs non-diabetic 
control subjects; bp < 0.0001 VS subjects with normal albumin 
excretion. 

MAR Mean arterial pressure, calculated from the equation: 
1/3(systolic-diastolic) + diastolic. AER, albumin excretion rate 
(median of three collections) 

the hand,  which carry a-adrenoceptors  and other  vas- 
cular receptors [3, 4], and which therefore  have been 
used as a model  of vascular responses in resistance 
vessels. This exaggerated response could cause an in- 
crease in systemic b lood pressure via increased pe- 
ripheral resistance and, within the kidney, might  lead 
to raised int raglomerular  pressure, one of the factors 
which predisposes to albuminuria.  A hyperrespon-  
sive vasculature could, therefore,  have a role in the 
aet iology and progression of microvascular  disease 
in diabetes. 

N A  acts on both  pre- (vasodilator) and post-sy- 
naptic (vasoconstrictor) (~2-adrenoceptors, as well as 
post-synaptic (vasoconstrictor) ~l-adrenoceptors.  It 
is no t  clear whether  the abnormal ly  increased respon- 
siveness to N A  in microalbuminur ic  patients is due to 
an intrinsic defect  of the a-adrenoceptor ,  the post-re- 
ceptor  pa thways  or an increase in receptor  numbers.  
Ano t he r  possible factor  is damage  to sympathet ic  
nerve endings. This could impair  release of NA,  re- 
sulting in 'up-regulat ion '  of post-synaptic (vasocon- 
strictor) receptors  and so to 'denervat ion  hypersensi- 
tivity',  with an exaggerated response to exogenous 
NA.  Alternatively,  loss of the pre-synaptic a2-adreno- 
ceptors, which media te  reuptake  of N A  into the 
nerve terminal  and inhibit  N A  release f rom the sym- 
pathet ic  ending, could explain enhanced  vascular re- 
sponsiveness to NA.  

We therefore  a t t empted  to clarify the cause of in- 
creased N A  responsiveness in two ways. Firstly, to 
identify the receptor  subtype responsible, we com- 
pared responses to phenylephr ine  (PE), which acts 
specifically on post-synaptic a l -adrenoceptors  and 
has no pre-synaptic effect [5]. A n  abnormal ly  in- 
creased response to PE as well as N A  would suggest 
an intrinsic abnormal i ty  of  a l-adrenoceptors ,  or their  
post-receptor  pathways,  whereas a normal  response 
to PE would point  to a defect  of a2-adrenoceptors.  
Secondly, to de te rmine  the role of peripheral  nerve 
function,  we have studied the relationship be tween  
vascular responses and sensitive indices of nerve 
function. In our original s tudy [2], subjects had  no 
clinical features  of sensor imotor  or au tonomic  neuro-  
pathy, but  we did not  seek evidence of subclinical 

nerve damage,  which is c o m m o n  in patients with 
I D D M  of many  years '  duration.  A l though  there is in- 
dividual variation, all fibre types tend to be affected 
in diabetic peripheral  neuropa thy  [6], and tests of 
small fibre function,  for example thermal  sensory 
thresholds [7], are less reliable and reproducible 
than  large-fibre conduct ion velocity, which is the 
best index of large-fibre integri ty [8]. We therefore  
examined peripheral  nerve funct ion using nerve con- 
duct ion velocity and vascular reactivity to N A  and 
PE in dorsal hand  veins. 

Subjects and methods 

Subjects. Twenty-five IDDM patients and 10 non-diabetic sub- 
jects were studied (Table 1). All subjects were normotensive 
by World Health Organisation criteria [9] and the diabetic pa- 
tients had no symptoms or signs of peripheral or autonomic 
neuropathy. Patients with electrophysiological evidence of 
nerve entrapment were excluded. None of the patients had 
any clinical evidence of macrovascular disease. Fourteen pa- 
tients had microalbuminuria (urinary albumin 30-300 mg/24 h 
in two out of three urine collections), but none had overt dia- 
betic nephropathy (proteinuria greater than 0.5 g/24 h). All 
subjects were non-smokers, free of other illness and were tak- 
ing no medication other than insulin. Subjects were instructed 
to avoid caffeine-containing drinks and alcohol for 12 h be- 
fore study. 

This study was approved by the Ethics Committee of the 
Royal Liverpool University Hospital, and fully-informed writ- 
ten consent was obtained from each subject. 

Vascular response studies. Vasoconstrictor responses to NA 
and PE were measured in a vein on the dorsum of the hand. 
The subjects lay supine in a temperature-controlled (20- 
22~ room with one arm resting at 30 ~ above the horizontal. 
The vein under study in the elevated arm was cannulated and 
a sphygmomanometer cuff attached around the upper arm. 

Changes in vein diameter were measured using a linear 
variable differential transducer (LVDT; model 100 MHR, 
Schaevitz Engineering, Pennsauken, N.J., USA) and an ATA 
101 signal conditioner (Schaevitz Engineering). The LVDT 
was mounted on the back of the hand using a tripod with flex- 
ible feet. The tip of the LVDT's core was positioned over the 
centre of the vein approximately i cm downstream (proximal) 
from the tip of the needle. 

After a 30-min run-in period, baseline measurements of 
vein diameter were taken with the sphygmomanometer cuff 
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Table 2. Infusion rates estimated to 
tor conduction velocity (MCV) 
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cause 50 % vasoconstriction (EDs0) to noradrenaline (NA) and phenylephrine (PE), and mo- 

IDDM patients 

Microalbuminuria Normoalbuminuria 

Non-diabetic subjects 

n 15" 10 ~ 10 
ED~0 NA (ng/min) 3.6(1.7) b 20.1(6.0) 35.1(5.0) 
EDs0 PE (~g/min) 0.78(0.64) 1.88(1.45) 0.81(0.32) 
MCV (m/s) c 

Median nerve 48.4(1.4) 6 52.7(1.2) e 56.7(0.9) 
Peroneal nerve 40.6(1.8) a 46.1(2.1) 49.8(2.2) 

Data are presented as mean (SEM). aEight microalbuminuric 
and seven normoalbuminuric subjects were studied with PE. 
bp < 0.001 vs normoalbuminuric diabetic and non-diabetic con- 
trol subjects; CValues are for all subjects; for subgroups subjects 

studied with PE see text. dp < 0.05 VS normoalbuminuric dia- 
betic and non-diabetic control subjects; ep < 0.05 vs non-dia- 
betic control subjects 

first deflated, and then inflated to 45 mm Hg. The difference 
between the two readings indicated the maximal vein diame- 
ter. The diameter of the vein was measured during infusion of 
stepped doses of NA (1-32 ng/min, in 5 % dextrose) and ex- 
pressed as a percentage of the maximal baseline value. Each 
dose was infused for 5 min before inflation of the cuff and for 
2 min thereafter; vein diameter was measured at the end of 
this period. All the control subjects and 14 of the diabetic sub- 
jects had further hand-vein response studies using PE (1- 
10,000 rig/rain, in 0.9 % NaC1). The coefficient of variation for 
this technique using NA is 9 % [2]. The doses of NA and PE 
used had no influence on pulse or blood pressure, and the 
rates of 5 % dextrose infused (0.1 or 0.2 ml/min) had no influ- 
ence on plasma glucose concentations. 

Nerve conduction studies. Peripheral nerve function was mea- 
sured using conventional electrophysiological methods with 
surface electrodes and a Medelec MS6 Electromyograph 
(Medelec Limited, Old Woking, Surrey, UK) [10]. Recordings 
were made in the temperature-controlled room (20-22~ 
and skin temperature was maintained at greater than 30~ 
throughout. Motor nerve conduction velocities (MCV) were 
recorded in the median and peroneal nerves, and sensory 
nerve conduction velocity and evoked potential amplitude 
were recorded in the median and sural nerves, ipsilateral to 
the vascular response studies. Computer averaging was em- 
ployed for the sensory studies. 

Autonomic function tests. Cardiovascular autonomic reflexes 
were evaluated using established methods [11]. Blood pres- 
sure was measured with the patient supine using an automat- 
ed recorder (Omega 1400, Invivo Research Laboratories, 
Broken Arrow, O.K., USA) after a 10-rain rest, and then after 
standing for 1 rain, to determine the fall in systolic pressure 
(normal < 10 mm Hg). To assess the heart-rate response to 
deep breathing, subjects breathed in and out as deeply as possi- 
ble during 10-s cycles (5 s inspiration, 5 s expiration) for i rain. 
Results are expressed as the maximum difference in R-R inter- 
val during this period (normal > 15 beats/min). The immediate 
heart rate response to standing was measured after a separate 
period of 10 rain rest, and R waves counted from the moment 
of standing. Results are expressed as the ratio of the R-R inter- 
val at the 30th heart beat after standing, compared with that at 
the 15th heart beat (30:15 ratio; normal > 1.04). Patients with 
abnormal autonomic function test results were excluded from 
the study. 

Assays. Urinary albumin concentration was measured by im- 
munoturbidimetry using a kit method (Kone Corporation, 

Espoo, Finland), and albumin excretion rate was expressed as 
the median value from three consecutive 24-h urine collec- 
tions. The intra- and inter-assay coefficients of variation for 
this assay were both less than 3 %. Glycaemic control was as- 
sessed by glycated haemoglobin (HbA1) concentration, mea- 
sured by electroendosmosis (normal range < 8.0 %). 

Statist ical  analys is  

The results were analysed using the Arcus Pro-II statistical 
package (Medical Computing, Aughton, West Lancashire, 
UK). The drug dose estimated to cause 50 % vasoconstriction 
(EDs0) was calculated from individual dose-response curves 
using Probit analysis [12]. Unpaired t-tests were used to assess 
differences between the groups. Pearson's Linear Correlation 
was used to analyse the relationship between nerve conduc- 
tion parameters and EDs0. EDs0 values were not normally dis- 
tributed and were therefore analysed after log-transforma- 
tion, which normalised the distribution. Data are presented as 
mean (SEM). 

Results 

Table i shows the characterist ics of  the I D D M  dia- 
betic and non-diabet ic  subjects studied. The control  
subjects were  significantly younge r  (p < 0.02) than  
the no rmoa lbuminur i c  diabetic group but  no t  the mi- 
c roa lbuminur ic  group, and there  was no difference in 
age be tween  the two diabetic groups;  age has pre-  
viously been  shown not  to affect hand-vein  reactivi ty 
[13]. M e a n  arterial b lood  pressure was higher  in 
bo th  diabetic groups  in compar i son  to the control  
subjects (p < 0.01), but  there  was no difference be- 
tween  the two diabetic groups  (p = 0.8). 

Table 2 shows the EDs0 values for N A -  and PE-in-  
duced  vasoconstr ict ion,  and the nerve conduc t ion  ve- 
locities for  all groups. The microa lbuminur ic  group 
had  significantly grea ter  sensitivity (i.e. a lower  
EDs0 ) to N A  than  bo th  the n o r m o a l b u m i n u r i c  pa- 
tients ( p = 0 . 0 0 0 2 )  and the control  ( p<0 .0001 )  
group;  there  was no difference in EDs0 to N A  be- 
tween  these latter two groups (p = 0.1). By contrast ,  
there  was no difference in P E  responsiveness  be- 
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Fig.1. Correlation between logEDs0 to noradrenaline (NA) 
and median nerve motor  conduction velocity (MCV) in 
IDDM patients with ( � 9  and without ( i )  microalbuminuria, 
and non-diabetic subjects ([~); r = 0.72,p < 0.0001. The regres- 
sion line for the group as a whole is shown. A lower EDs0 indi- 
cates greater sensitivity. Error  bars indicate mean (SEM) for 
logEDs0 and median nerve MCV for the three groups 

1059 

tion parameters measured. Specifically, EDs0 to NA 
was no t  significantly correlated with median nerve 
sensory amplitude (r = -  0.15, p = 0.49) or velocity 
(r=0.24,  p=0 .26) ,  or sural nerve amplitude 
(r = 0.004, p = 0.99) or conduction velocity (r = 0.17, 
p = 0.41). Neither were there significant correlations 
with standard tests of autonomic function when all 
subjects were analysed together: 30:15 ratio 
(r = 0.30, p = 0.26), systolic fall in blood pressure on 
standing (r = 0.23, p = 0.35), change in heart  rate dur- 
ing deep breathing (r = 0.20, p = 0.45), nor when mi- 
croalbuminuric and normoalbuminuric diabetic, and 
non-diabetic control subjects were analysed separate- 
ly. Group analysis showed no relation between blood 
pressure and EDs0 to either NA or PE. 

Multiple linear regression analysis showed that 
median nerve MCV was the only significant predic- 
tor of EDs0 to NA (p = 0.0006), amongst several vari- 
ables; namely HbA1, systolic, diastolic and mean ar- 
terial blood pressure, age, duration of diabetes, and 
peroneal nerve MCV. As previously reported [2], al- 
bumin excretion rates showed an 'either/or' effect; in- 
dividual values of A E R  did not correlate with EDs0 
or MCV, despite the significant differences described 
above when subjects were grouped according to whe- 
ther or not they had microalbuminuria. 

tween any of the three groups (p > 0.4). Median nerve 
MCV was significantly lower in the microalbuminuric 
group when compared with both the normoalbumi- 
nuric (p=0.04)  and non-diabetic groups (p=  
0.0001), and the normoalbuminuric group had a low- 
er MCV than the non-diabetic group (p = 0.01). Pero- 
heal nerve MCV was also significantly lower in the 
microalbuminuric group than in the other two 
groups (p < 0.05), but there was no difference be- 
tween the latter. 

There was a strong positive linear correlation be- 
tween logEDs0 to NA and median nerve MCV when 
all the groups were analysed together ( r=  0.72, 
r 2 = 0.52, p < 0.0001; Fig. 1). This correlation was 
maintained for the diabetic group as a whole 
(r = 0.62, r 2 = 0.38, p = 0.0009) and for the microalbu- 
minuric group (r = 0.65, r 2 = 0.43, p = 0.008), but not 
for the normoalbuminuric group (r = 0.2, p = 0.6). 
There was also a positive correlation between 
logEDs0 for NA and peroneal nerve MCV for all 
groups (r = 0.52, t a = 0.27, p = 0.001), but this was 
not maintained when the groups were analysed sepa- 
rately. There were no significant correlations be- 
tween logEDs0 for PE and either median nerve 
MCV (50.8(1.6) m/s; r = 0.17, p = 0.5) or peroneal 
nerve MCV (42.1(1.9) m/s; r = 0.45, p = 0.1), when 
data from all subjects were combined. 

There were no significant correlations between 
vascular reactivity and any of the other nerve func- 

Discussion 

In this study, we set out to determine firstly, which 
subtype of c~-adrenoceptor mediates the previously 
described increase in vascular reactivity to NA in mi- 
croalbuminuric IDDM diabetic subjects [2]; and sec- 
ondly, to discover whether  subclinical nerve damage 
could contribute. We therefore studied vascular re- 
sponses to noradrenaline (a 1- and az-agonist) and 
phenylephrine (pure c~-agonist), and their relation- 
ship with various measures of nerve function. 

This study confirmed the increased NA-induced 
vasoreactivity found previously in microalbuminuric 
IDDM subjects. However, there were no differences 
in response to phenylephrine between the groups. 
NA acts at both ~1- (post-synaptic) and c~ 2- (pre- and 
post-synaptic) adrenoceptors. PE is a pure al-adreno- 
ceptor agonist, stimulating these receptors post-sy- 
naptically on smooth muscle. Stimulation of post-sy- 
naptic a2-adrenoceptors results in vasoconstriction, 
whereas pre-synaptic a2-adrenoceptors, on the sym- 
pathetic nerve ending, are responsible for the re-up- 
take of NA from the synaptic cleft and for prevent- 
ing NA release from the nerve terminal; pre-synaptic 
a2-adrenoceptors are, therefore, inhibitors of vaso- 
constriction. The findings in our previous study there- 
fore suggested either an increase in post-synaptic or 
decrease in pre-synaptic a2-adrenoceptor activity. 

We have also demonstrated a close relationship 
between MCV velocity and vascular reactivity to 
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NA in I D D M  subjects without clinically significant 
neuropathy, although, intriguingly, this correlation 
was not maintained for sensory conduction velocity. 
The maintenance of this correlation for the peroneal 
nerve in the ipsilateral leg indicates that diffuse dam- 
age was present throughout the peripheral nervous 
system, as has been suggested previously [14]. The 
non-diabetic subjects had significantly better nerve 
function than both diabetic groups, confirming that 
nerve fibre damage is widespread in people with 
long-standing diabetes, even in the absence of clini- 
cal evidence of neuropathy. The correlation between 
vascular reactivity and motor  nerve conduction was 
no longer present when vascular responses were mea- 
sured with PE. This implies that the differences we 
have demonstrated are due to changes at the %-adre- 
noceptor. These findings are in keeping with previous 
work [15-17], including a recent study [17] which as- 
sessed vascular responses using a similar technique. 
This latter study compared hand vein reactivity with 
postural drop in blood pressure in I D D M  patients 
with symptomatic autonomic neuropathy, and found 
a positive correlation with responses to NA but not 
to PE. 

If denervation hypersensitivity were the mecha- 
nism responsible for exaggerated vascular respon- 
siveness in neuropathy, then one would expect both 
post-synaptic (x 1- and %-adrenoceptors to be upregu- 
lated. This is clearly not the case, since we demon- 
strated no increased response with PE (pure %-adre- 
noceptor agonist). Therefore, the differences in re- 
sponse to NA between the diabetic and non-diabetic 
subjects in our study, as well as the correlation be- 
tween ED50 and MCV, are most likely due to chan- 
ges in the pre-synaptic aa-adrenoceptor, presumably 
as a result of nerve fibre damage. 

Standard tests of central autonomic function in our 
asymptomatic patients did not correlate with vascular 
sensitivity to NA or PE. However, sensitive measures 
of peripheral nerve function demonstrated a close 
correlation with vascular responses to NA in I D D M  
patients. We suggest that this could indicate subclini- 
cal damage to sympathetic nerve endings. Several 
tests of peripheral autonomic function have been de- 
scribed, for example sweat testing [18] and galvanic 
skin responses [19]; these are semiquantitative and 
have variable degrees of reproducibility. Cardiovas- 
cular reflex tests may not be sensitive to minor de- 
grees of autonomic damage in the extremities. Since 
vascular tone is normally under autonomic nervous 
control [1], it is possible that peripheral venous re- 
sponses may be a more sensitive indicator of peripher- 
al autonomic function than either conventional elec- 
trophysiology or central cardiovascular reflex tests. 

Blood pressure was higher in both diabetic groups 
in comparison with non-diabetic control subjects, 
whereas vascular responses to PE were not different 
between any of these three groups. In addition, re- 
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sponses to NA were different between the two dia- 
betic groups, with the non-diabetic subjects reacting 
similarly to the normoalbuminuric diabetic patients. 
Thus, differences in blood pressure cannot account 
for the altered vascular responses we have found in 
this study. 

In our previous study of vascular reactivity in 
I D D M  patients [2], we found an exaggerated vaso- 
constrictor response to NA in patients with microal- 
buminuria, and postulated that this effect could con- 
tribute to increased urinary albumin losses, via in- 
creased efferent glomerular arteriolar tone and in- 
creased intraglomerular pressure, and possibly also 
to hypertension, via increased peripheral resistance, 
although blood pressure did not correlate with vascu- 
lar reactivity in this or our previous study. The differ- 
ence in vascular reactivity was confirmed in the pre- 
sent study, and was accompanied by reduced median 
nerve MCV when compared with both normoalbumi- 
nuric and non-diabetic groups. Circulating catechola- 
mine levels are reportedly normal or high in patients 
with microvascular disease [20, 21], and we have pre- 
viously demonstrated no difference in circulating 
NA levels in diabetic subjects with and without mi- 
croalbuminuria [2]. Therefore, although there is 
clearly an association between peripheral nerve dys- 
function and vascular reactivity to NA (with approxi- 
mately 50 % interdetermination, r 2 = 0.43 for the mi- 
croalbuminuric group), it is unlikely that this alone 
can be responsible for the exaggerated vascular reac- 
tivity found in our previous study. It may be that the 
microalbuminuric IDDM patients also have other 
factors, such as genetic predisposition [13, 22], which 
are responsible for their exaggerated responses. 

In conclusion, the present study confirmed the ex- 
aggerated vascular responsiveness in diabetic sub- 
jects with microalbuminuria which we have demon- 
strated previously. Moreover, we have found a close 
relationship between vascular reactivity to NA, but 
not to PE, and peripheral nerve function, even in pa- 
tients who have no clinical evidence of nerve dam- 
age. This implies that, although other factors are also 
involved, damage to pre-synaptic inhibitory a2-adre- 
noceptors has a role in the exaggerated vasoconstric- 
tor responses found in microalbuminuric IDDM pa- 
tients. 
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