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Summary. The progression of subclinical polyneuropathy 
over 2.5 years has been studied in a representative group of 75 
young patients with Type I (insulin-dependent) diabetes (ini- 
tial age 16-19years). The relationships between changes in 
nerve function, glycaemic control and concurrently develop- 
ing microvascular complications (retinopathy, microprotein- 
uria) were investigated. Deterioration of  motor, sensory and 
autonomic nerve function, retinopathy and microproteinuria 
was related to poor glycaemic control. In addition, there was 
an association between developing neural and microvascular 

complications which was not diminished when their common 
relationship to hyperglycaemia was taken into account. These 
findings suggest that, although poor glycaemic control is an 
essential permissive factor in the early development of  diabet- 
ic polyneuropathy, other influences, shared with microvascu- 
lar complications, must also be important. 

Key words: Diabetic neuropathy, glycaemic control, microvas- 
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A diffuse p o l y n e u r o p a t h y  involving somat ic  and  auto-  
n o m i c  nerve fibres is a f requent  compl ica t ion  o f  diabe- 
tes [1, 2]. It causes cons iderable  morb id i ty  [3] and  is as- 
sociated w k h  increased morta l i ty  [4]. The  p r imary  role 
o f  hyperg lycaemia  in the deve lopmen t  and  progress ion  
o f  diabet ic  compl ica t ions  is still unclear.  A l though  there 
is substantial  evidence for  a metabol ic  c o m p o n e n t  in 
the pa thogenes is  o f  n e u r o p a t h y  [5], diabet ic  neural  mi- 
c roang iopa thy  m a y  also be a causal  fac tor  [6]. M a n y  
other  ae t iopa thogenic  mechan i sms  have been  suggested 

I6, 71. 
We have repor ted  previously  that  abnormal i t ies  o f  

motor ,  sensory and  a u t o n o m i c  nerve funct ion  were 
c o m m o n  in 81 teenage pat ients  with Type 1 (insulin-de- 
pendent )  diabetes a symptoma t i c  o f  n e u r o p a t h y  [8]. The  
presence  and  severity o f  e lec t rophysiological  but  no t  
a u t o n o m i c  abnormal i t ies  were related to p o o r  glycae- 
mic  control  [8]. This same g r o u p  o f  patients has n o w  
been  fo l lowed up  for  an  average o f  2.5 years  in o rder  to 
de te rmine  whe ther  progress ion  o f  early diabet ic  neu-  
ropa thy  is related to g lycaemic  control  or  early micro-  
vascular  complicat ions .  

Subjects and Methods 

Subjects 
Seventy-five of the original cohort of 81 young patients with Type 1 
(insulin-dependent) diabetes were followed for approximately 
2.5 years and then reassessed (mean follow-up 28months, range 
20-35 months). Initially their age was 16-19 years and duration of 
diabetes ranged from 6 months - 17 years (median 5 years). Of the 

other six, one did not wish to be reassessed, three had moved away 
from Edinburgh, and two had died (one of cardiomyopathy unrelated 
to diabetes, the other of prolonged hypoglycaemia). All patients re- 
ceived standard diabetic care, and no other attempt was made to in- 
fluence glycaemic control. 

At reassessment, symptoms of peripheral and autonomic neuropa- 
thy were elicited and a scored clinical examination of the peripheral 
nerves carried out as described previously [9]. Three had symptoms of 
neuropathy at reassessment. One female developed acute painful neu- 
ropathy with onset just at review and one male noted numbness and 
tingling in the toes; both had abnormalities on clinical sensory testing. 
Another female complained of abnormal sweating. Ankle reflexes 
were absent in seven (3 males, 4 females), including the male who had 
numbness, but clinical testing of sensory function was otherwise with- 
in normal limits. 

Control measurements were obtained in 49 healthy non-diabetic 
subjects (25M: 29F) aged 16-22 years (schoolboys, student nurses and 
medical students). Twenty (age 16-19 years) were tested initially and 
29 (age 18-22) at review. Since there was no significant difference be- 
tween the results for the initial and review control groups, all the val- 
ues were pooled for further analysis. 

Participation in the study by both patients and control subjects 
was approved by the Hospital Advisory Ethical Committee. 

Biochemistry 
Total glycosylated haemoglobin (HbA 0 was measured by an electro- 
phoretic method [10] at entry to the study and thereafter at every rou- 
tine clinic visit (normal range 6-8%). The second HbAa value used in 
the analysis represents the mean of all subsequent measurements (i. e, 
the mean HbA1 during followup). No patient was hypoglycaemic or 
ketonuric initially or at reassessment and plasma thyroxine was nor- 
mal in all. 

Peripheral nerve electrophysiology 
Motor and sensory nerve conduction studies were performed in the 
left arm and leg using a DISA (Bristol, UK) 1500 electromyograph 
with surface electrodes, thermostatically regulated skin temperature 



R. J. Young et al.: Progression of subclinical polyneuropathy 

Table 1. Nerve function measurements used in prospective analysis [mean_+ SD (range)] for control subjects and diabetic patients. 
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Test Non-diabetic Diabetic patient Diabetic patient Significance of 
control first measurement second measurement differences 
subjects DM)~ DM2 

DM1 DM2 DM1 
VS VS VS 

Control Control DM2 

% Abnormal values 

DM1 DM2 

Peroneal MNCV 51.1• 3.1 43.7+ 4.6 42.4_+ 5.0 *** *** ** 
(ms-l) (44.2 - 58.7) (30.9 - 52.3) (26.4- 51.8) 

SuralSNCV 37.0_+ 3.7 34.6_+ 6.0 32.2_+ 5.7 * *** ** 
(ms -1) (28.8 - 45.0) (16.7 - 44.4) (12.0 - 41.7) 

SuralSPA 11.0+ 5.1 11.1_+ 7.8 8.1_+ 6.0 NS * ** 
(~tV) (4 - 28) (0.5-40) (0 - 24) 

Max-min HR 34.2+ 8.1 28.6+10.7 29.4+13 * * NS 
(beats/min) (16 - 53) (6 - 55) (5 - 64) 

63 66 

19 24 

20 29 

19 28 

Significances of group differences (* =p<O.05, ** =p<O.01, *** =p<O.O01). 
Percent abnormal values (abnormal = < second lowest value for control subjects) 

control (32 ~ supramaximal stimuli and averaging of compound 
sensory action potentials as previously described [8]. Motor nerve 
conduction velocities (MNCV) and amplitudes of evoked muscle ac- 
tion potentials were recorded in the median and peroneal nerves. Sen- 
sory nerve conduction velocity (SNCV) and sensory action potential 
amplitudes (SPA) were measured in the median and sural nerves. Mo- 
tor and sensory electrophysiological measurements were highly corre- 
lated as before [8]. To clarify presentation, therefore, the three mea- 
surements in the leg (peroneal MNCV, sural SNCV, sural SPA) were 
combined into a single expression (the arm measurements were not 
used in analysis - see Results). Each individual measurement was 
standardised by subtracting it from the mean and dividing by the stan- 
dard deviation for control subjects. The three standardised variables 
for each subject could then be summed to give a single combined elec- 
trophysiological variable for the leg (CEVL). 

Table 2. Retinopathy at review related to duration of diabetes 

Grade" of Duration of diabetes at review (years) 
retinopathy 
at review 2-4 5-6 7-9 10-14 15+ Total 

0 11 14 16 6 3 50 
1 0 0 3 3 3 9 
2 0 0 4 1 2 7 
3 0 0 1 2 3 6 
4 0 0 2 1 0 3 

Total 11 14 26 13 11 75 

Grade of retinopathy: 0 = none; 1 = microaneurysms; 2 = haemor- 
rhages; 3 = exudates/IRMA; 4 = new vessels 

Cardiovascular autonomic function tests 

Five cardiovascular autonomic function tests were performed as pre- 
viously described [11]. Three used heart rate responses to: the Valsalva 
manoeuvre (Valsalva ratio), standing up (30 :15 ratio), and deep 
breathing (max-min heart rate). Two tests record blood pressure re- 
sponses; one to standing up (post BP) and the other to sustained 
handgrip (grip). 

Retinopathy 

The retinae were examined in a darkened cubicle through adequately 
dilated pupils using a direct ophthalmoscope. Visible retinopathy was 
graded as 0 = no retinopathy, 1 = microaneurysms only, 2 = haemor- 
rhages/venous change, 3 = hard exudates/cotton wool spots/intraret- 
inal microvascular abnormalities, and 4 = new vessels. 

Microproteinuria 
At reassessment urinary albumin concentration (UAC) was measured 
in a single untimed overnight urine sample by a sensitive radio-immu- 
noassay method [12] in all but 4 patients. 

Blood pressure 

The values used were the average of three systolic and diastolic blood 
pressure measurements taken using a mercury sphygmomanometer 
with the subject sitting at rest in a firm armchair. 

Statistical analysis 

Data was analysed by the BMDP statistical software package (Uni- 
versity of California, 1983). Standard parametric (Student's t-tests, 
ANOVA) and non-parametric (Mann-Whitney) tests were applied to 
group comparisons. Univariate linear or logistic regression analysis 

was used to study the associations between characteristics. To ex- 
amine which of the significant univariate associations persisted when 
previous measurements of the dependent variable and glycaemia 
were considered, multiple regression analysis was then performed. Al- 
lowance for the effect of the initial measurement on the reassessment 
measurement in the dependent variable is equivalent to testing for as- 
sociations with changes (improvement or deterioration) between the 
initial and review measurement in that variable. Taking glycaemia 
(HbA0 into account determines whether the associations between de- 
veloping complications are independent or merely due to a common 
association with glycaemia. 

R e s u l t s  

Abnormalities in diabetic patients 

Nerve function. The e l e c t r o p h y s i o l o g i c a l  r esu l t s  f o r  pe r -  

o n e a l  M N C V ,  su ra l  S N C V  a n d  su ra l  S P A  a n d  t h e  car -  

d i o v a s c u l a r  a u t o n o m i c  r e f l e x  m e a s u r e m e n t  m a x - r a i n  

H R  a re  g i v e n  in  T a b l e  1. T h e  r e m a i n i n g  e l e c t r o p h y s i o l -  

o g i c a l  a n d  c a r d i o v a s c u l a r  r e f l e x  m e a s u r e m e n t s  e i t h e r  

s h o w e d  n o  d i f f e r e n c e  f r o m  c o n t r o l  sub jec t s  (Va l sa lva  
ra t io ,  gr ip) ,  n o  c h a n g e  b e t w e e n  in i t i a l  a n d  r e a s s e s s m e n t  
m e a s u r e m e n t s  ( m e d i a n  M N C V ,  m e d i a n  S N C V )  o r  

i n s u f f i c i e n t  r e p r o d u c i b i l i t y  f o r  ana ly s i s  ( m e d i a n  S P A ,  

3 0 : 1 5  ra t io) .  T h e  e l e c t r o p h y s i o l o g i c a l  r esu l t s  in  t h e  leg  

h a v e  b e e n  c o m b i n e d  to  f o r m  t h e  t e r m  C E V L  (see  M e t h -  
ods )  f o r  f u r t h e r  ana lys i s .  A t  r e a s s e s s m e n t  m o r e  p a t i e n t s  
h a d  d e v e l o p e d  a b n o r m a l  p e r i p h e r a l  n e r v e  e l ec t ro -  
p h y s i o l o g y  in  t h e  l eg  (32% a b n o r m a l  in i t ia l ly ,  41% ab-  
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normal at review) and abnormal max-min HR (19% ab- 
normal initially, 28% abnormal at review) because dete- 
rioration occurred twice as often as improvement. 

Retinopathy, urinary albumin concentration, blood pres- 
sure. Initially five patients (7%) with diabetes of more 
than 10 years duration had grade I retinopathy. At reas- 
sessment the number with detectable retinopathy had 
risen to 25 (33%), nine (12%) having grade 3 or 4reti- 
nopathy (Table 2). Retinopathy was not detected in any- 
one with diabetes of duration less than 7 years. 

Urinary albumin concentration was above the range 
for normal subjects (1 mg/100ml) in 28/71 (40%) of 
diabetic patients. No patient had Albustix positive pro- 
teinuria initially, although one patient did at reassess- 
ment (UAC = 508 mg/100 ml). 

Mean systolic blood pressure did not differ between 
diabetic patients and control subjects but was higher in 
males than females (M 125_+2 SEM vs Fl14_+2 SEM 

mmHg). Mean diastolic blood pressure was not signifi- 
cantly different in the diabetic group than in control 
subjects (diabetic patients 78_+ 1.5 SEM, control sub- 
jects 74+1.5 SEM mmHg). Ten diabetic patients ini- 
tially (12%) and 15 at review (20%) had diastolic blood 
pressures above the highest value for control subjects 
(range for diabetic group56-a02, control group 
56- 86 mmHg). 

Analysis of associations between abnormalities 

Investigation of possible associations. Each of the review 
observations, CEVL (combined electrophysiology vari- 
able leg), max-rain HR, retinopathy, diastolic blood 
pressure (DBP), urinary albumin concentration (UAC) 
were entered as a dependent variable in the regression 
analysis. The possible influence of each of the following 
factors was considered: age, sex, body mass index, du- 
ration of diabetes, previous episodes of ketoacidosis, 
frequency of symptomatic hypoglycaemia, smoking 

Table 3. Results of  regression analyses. The relationship of  all the characteristics mentioned in the text to each of  the five dependent  variables has 
been examined. Only the results of  significant (* =p< 0.05, ** =p< 0.01, *** = p <  0.001) associations are shown 

Dependent  variable Significantly associated Correlation Partial correlation coefficient after accounting 
independent  variables coefficient c for initial values and HbA1 (mn) d 

Electrophysiology Electrophysiology leg (i) 0.55*** - 
Leg (r)" HbA1 (mn) - 0.59*** - 

Duration DM - 0.24* NS 
HbA1 (i) - 0.32** - 
Retinopathy (i) - 0.29* - 0.35"* 
Retinopathy (r) - 0.68*** - 0.53*** 
Diastolic BP (r) 0.30* NS 
Max-min HR (r) 0.30* NS 
Urinary albumin concentration - 0.47 * * * - 0.47"** 

Max-min Max-min HR (i) 0,54*** 
heart rate (r) ~ HbA1 (mn) - 0.27* 

Retinopathy (r) - 0.30* NS 
Electrophysiology leg (r) 0.30* NS 
Urinary albumin concentration - 0.35** - 0.34** 

Urinary HbA1 (mn) 0.29* 
albumin concentration (r) a Retinopathy (r) 0.41"** 0.32* 

Diastolic BP (r) 0.41"** 0.36** 
Electrophysiology leg (r) -0 .47***  -0 .39**  
Max-rain H R  (r) - 0.35** - 0.29* 

Diastolic Diastolic BP (i) 0.49*** 
blood pressure (r) a HbA1 (mn) 0.25* 

Sex - 0.27* - 0.28* 
Retinopathy (r) 0.34** 0.28* 
Electrophysiology leg (r) -0 .30*  NS 
Urinary albumin concentration 0.41"** 0.40*** 

Retinopathy (r) b 

t-statistic c Significance after allowing for duration D M  
initial values and HbA1 d 

Duration D M  - 3.08 ** - 
HbA1 (i) - 4.61"** - 
HbA1 (ran) -4 .81"**  
Diastolic BP (r) - 3.02** ** 
Urinary albumin concentration - 3.11" * * 
Electrophysiology leg (i) 4.06*** NS 
Electrophysiology leg (r) 4.91"** * 
Max-min H R  (r) 2.98** * 

[(i) = initial; (r) = review; (ran) = average during followup] 
a Linear regression analysis; b logistic regression analysis in which retinopathy (r) was classified as grade 0 = no, grade 1-4 = yes; c univariate as- 
sociations between dependent  and independent  variables; d associations which persisted in multivariate analysis after allowing for HbA1 and ini- 
tial values 
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Fig. 1. The relationships of peripheral somatic (combined electrophysiology variable leg) and autonomic nerve (max-min heart rate) function to 
glycosylated haemoglobin (mean over 2.5 years), grade of retinopathy and urinary albumin concentration in 75 young patients with Type 1 (insu- 
lin-dependent) diabetes. Bars represent mean _+_ SEM. Values above the continuous horizontal lines are within the range for non-diabetic control 
subjects 

habit, alcohol consumption, and both original and re- 
view values of HbA~, CEVL, max-rain HR, DBP and 
UAC (at reassessment only). Using multiple regression, 
the associations that remained when the initial values 
(investigating change in the dependent variable) and 
HbA1 levels (testing for independence of associations 
from hyperglycaemia) had been taken into account 
were then determined. 

Associations with nerve function abnormalities. The fac- 
tors significantly related to CEVL and max-min HR are 
shown in Table 3. As reported for initial measurements 
in the original cross-sectional study [8] both duration of 
diabetes and HbAt were associated with electrophysiol- 
ogical abnormalities. In this study there was also a sig- 
nificant, although weak, cross-sectional relationship be- 
tween hyperglycaemia and abnormal autonomic func- 
tion (max-min HR) at review which had not reached 
statistical significance initially. When the effect of the 
initial measurement on the review measurement was 
taken into account, this prospective study showed that 
HbA1 was correlated with deterioration in CEVL (par- 
tial correlation coefficient= -0.59, p <  0.001) and dete- 
rioration in max-min HR (partial correlation coeffi- 
cient = - 0.27, p < 0.05). 

Abnormalities in CEVL and max-min HR were 
both associated with the presence and grade of retinop- 
athy and with urinary albumin concentration when the 
review measurement or deterioration during followup 

was considered (Table 3). With the exception of the rela- 
tionship between max-rain HR and retinopathy, the as- 
sociations between nerve and microvascular abnormali- 
ties were independent of glycaemia. 

Figure1 illustrates these relationships between 
CEVL or max-min HR and HbAI, retinopathy and uri- 
nary albumin concentration. Although the electrophys- 
iological findings in the leg have been expressed as a 
single variable, CEVL in this analysis, the individual 
measurements (peroneal MNCV, sural SNCV, sural 
SPA) each gave similar conclusions if considered sepa- 
rately. 

Associations with retinopathy, raised urinary albumin 
concentration, raised diastolic BP 

The significant relationships for these dependent vari- 
ables are also shown in Table 3. The presence or grade 
of retinopathy was positively correlated with duration 
of diabetes, HbAt, urinary albumin concentration, dia- 
stolic blood pressure and abnormal CEVL or max-min 
HR. The development of retinopathy was predicted 
both by high initial HbA1 or abnormal initial electro- 
physiology. Urinary albumin concentration was weakly 
associated with HbA1 but more closely with retinopa- 
thy, abnormal nerve function and diastolic blood pres- 
sure. Diastolic blood pressure at review was related to 
urinary albumin concentration and retinopathy and 
was higher in male diabetic patients. 
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Comparison of relationships with deteriorating nerve 
function: glycaemia vs microvascular complications 

Some diabetic patients with very poor glycaemic con- 
trol throughout the study (HbA1 > 14%) had electro- 
physiological and autonomic measurements which re- 
mained within the normal range (Fig. 1). In contrast, all 
but one of the electrophysiological and autonomic mea- 
surements were abnormal in patients with grade 3 or 4 
retinopathy (Fig. 1). The relationship between abnormal 
UAC and CEVL was not so clear cut, but 11/13 (85%) 
of those with very low CEVL ( < - I 0 )  had abnormal 
UAC (Fig. 1), and the association between max-rain HR 
and UAC was closer than that of either with HbA1. 

Discussion 

These results show that in young patients with Type 1 
(insulin-dependent) diabetes, motor and sensory pe- 
ripheral somatic nerve function and autonomic nerve 
function deteriorate at a rate which is linearly related to 
the prevailing level of glycaemia. The development of 
retinopathy and raised urinary albumin concentration 
were also related to poor glycaemic control. In addition, 
there was an association between deteriorating nerve 
function and the concomitant development of micro- 
vascular complications (retinopathy and microprotein- 
uria) which was statistically independent of their com- 
mon association with glycaemia. 

In this study a relationship between degree of hyper- 
glycaemia and changes in sensory and autonomic nerve 
function has been demonstrated. The recently reported 
small deterioration in vibration perception associated 
with poor glycaemic control [13, 14] is the only relation- 
ship between hyperglycaemia and sensory neuropathy 
hitherto identified. There have been no comparable 
studies of autonomic function. The concept of direct 
metabolic damage to nerves by hyperglycaemia [5] is 
based on studies of motor nerve conduction velocity 
[15-22]. Yet it is sensory and autonomic nerve involve- 
ment, rather than damage to somatic motor fibres, 
which is responsible for the common and clinically seri- 
ous manifestations of diabetic neuropathy [3, 6]. In pat- 
ients symptomatic of symmetrical sensory diabetic 
polyneuropathy, the degree of abnormality in neuro- 
physiological tests such as those performed in this study 
is clearly related to the presence and clinical manifesta- 
tion of the neuropathy [23]. No sequential study has yet 
established that subclinical abnormalities of nerve func- 
tion, even in sensory and autonomic nerves, are predic- 
tive of subsequent clinical neuropathy. Nevertheless, it 
seems likely that the sustained and progressive changes 
in sensory and autonomic nerve function demonstrated 
in this study do reflect nerve damage that is likely to be- 
come of clinical importance, particularly since, unlike 
motor nerves, rapid improvements in the function of 
these nerves have not been observed in response to im- 
proved metabolic control. 

Poor glycaemic control was also associated with 
both the onset and severity of retinopathy. The high rate 
of appearance of retinopathy in late teenage diabetes 

has been noted before [24]. The role of hyperglycaemia 
in the development and progression of microangiopa- 
thy is controversial [25]. Previous prospective studies, 
which relied on less satisfactory indices of glycaemic 
control than HbA1 [1, 26, 27], have suggested a link be- 
tween the onset of retinopathy and poor control, where- 
as improving glycaemic control in established retinopa- 
thy has shown no convincing modification of progres- 
sion [21, 28-30]. In our study the development of 
retinopathy was accompanied by a rise in diastolic 
blood pressure, especially in males, but multiple regres- 
sion analysis showed that raised diastolic blood pres- 
sure was more closely associated with raised urinary al- 
bumin concentration than with retinopathy. Raised but 
subclinical it proteinuria is probably, at least in part, 
functional. Like motor nerve conduction velocity, it im- 
proves with near-physiological glycaemic control [12], 
although higher levels are related to subsequent clinical 
nephropathy [31-33]. Weak relationships between poor 
glycaemic control, raised urinary albumin concentra- 
tion and raised blood pressure, as shown in this study, 
have been reported previously [34]. 

Peripheral somatic and autonomic neuropathy, reti- 
nopathy and microproteinuria were, individually relat- 
ed to the level of hyperglycaemia. Perhaps not sur- 
prisingly, therefore, there were also associations be- 
tween the developing neural and microvascular abnor- 
malities. But multivariate analysis showed that these 
neural/microvascular associations remained just as 
strong after their common relationship to poor glycae- 
mic control was taken into account. This does not imply 
that either type of complication could develop in the ab- 
sence of hyperglycaemia. Indeed, both neural and mic- 
rovascular abnormalities occurred only in the presence 
of moderate to poor control as judged by glycosylated 
haemoglobin. However, not all patients with the highest 
levels of glycaemia exhibited early complications, 
whereas in those with both neural and microvascular 
abnormalities the severity of each tended to be similar 
irrespective of the relative level of glycaemia. 

These observations suggest two things. Firstly, al- 
though a certain level of hyperglycaemia is essential to 
initiate the development of complications, the inherent 
or acquired susceptibility of patients must vary resulting 
in differing severities of tissue damage for similar levels 
of glycaemic exposure. Secondly, the association of 
neural and microvascular complications, independent 
of glycaemia, also implies that there is either parallel de- 
velopment of abnormalities in different tissues, or an in- 
terdependent pathogenesis. However, from our data it 
is not possible to deduce which abnormalities; thus as- 
sociations between developing complications could be 
due to such mechanisms as severe microangiopathy 
causing neuropathy [35], autonomically induced abnor- 
malities of vascular autoregulation causing microan- 
giopathy [36] or common activation of the sorbitol path- 
way [37] causing neural and microvascular damage in 
parallel. 

We conclude that the early development of diabetic 
complications in young patients with Type 1 (insulin- 
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dependent) diabetes is partly, but not simply, a function 
of poor glycaemic control; other factors, either intrinsic 
or environmental, must also be important. 
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