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Summary In order to assess the possible progression 
of neurological abnormalities over t ime and the va- 
lue of visual evoked potential  alterations in predict- 
ing stability and severity of diabetes-related optic 
pathway disease, a longitudinal study in non-insu- 
l in-dependent  diabetic patients was performed.  
Neurological examination,  visual evoked potentials 
with pat tern  reversal, motor  and sensory nerve con- 
duction velocities and metabolic control were stu- 
died in 18 non-insul in-dependent  diabetic patients 
and in 35 normal  control subjects at baseline and 
again after 4.6 + 0.8 years (range 4-6). At  the first 
recording the peak P100 wave latencies were signifi- 
cantly delayed in the diabetic patients compared  
with the control subjects; signs of peripheral  neuro- 
pathy were detected in five patients, clinical in 

three and in two there was only neurophysiological 
alteration without  clinical signs. The second record- 
ing revealed no significant alterations of P100 laten- 
cies in patients compared  with baseline, but  the 
number  with clinical signs and/or neurophysiolo- 
gical alterations with no clinical signs of peripheral  
neurological disease was increased to seven. In con- 
clusion, we observed that  visual evoked potential  al- 
terations were stable over t ime whereas peripheral  
neurological disease progressed and correlated posi- 
tively with metabolic control. [Diabetologia (1995) 
38: 573-576] 
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The alterations of visual evoked potentials in diabetes 
are now well-known. Most studies agree on the sensi- 
tivity of visual evoked potentials with pat tern reversal 
(VEP-PR) in detecting involvement  of the optic path- 
ways at the preclinical stage in both diabetic adults [1- 
3] and children [4, 5]. Recent ly we also observed VEP- 
PR alterations in diabetic patients without retinopa- 
thy and showed a correlation with diabetic polyneuro- 
pathy [6]. The predictive significance of such altera- 
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tions, particularly if detected at the preclinical stage, 
has been studied less. We therefore performed a long- 
itudinal evaluation of VEP-PR as well as clinical signs 
and neurophysiological alterations without  clinical 
signs of peripheral  neurological disease in a homoge-  
neous populat ion of subjects with non-insulin-depen- 
dent  diabetes mellitus (NIDDM) without  retinopa- 
thy and with normal  visual acuity at baseline. The aim 
was to assess the possible progression of neurological 
abnormalities with t ime and the value of V E P - P R  
alterations in predicting the stability and severity of 
optic pathway disease related to diabetes. 

Subjects, materials and methods 

Subjects. We studied VEP-PR, peripheral nerve conduction 
velocities (NCV) in three nerves, and metabolic control in 18 
diabetic patients without retinopathy and in 35 normal sub- 
jects. After at least 4 years (4.6 + 0.8 years, range 4-6) a sec- 



574 G. Moreo et al.: Visual evoked potentials in N I D D M  

Table 1. Mean amplitude (A) VEP latency (P100) and interocular latency difference (ILD) in diabetic patients and control subjects 
at baseline and follow-up 

Binocular stimulation Monocular stimulation 

Right eye Left eye 

A P100 A P100 A P100 
(pv) (ms) (txv) (ms) (btv) (ms) 

ILD 

Baseline 
Diabetic 
patients 
(n = 18) 

Control subjects 
(n = 35) 

mean 9.6 105.1 8.6 108.1 8.1 109.4 4.6 
SD 4.4 8.8 4.2 9.9 2.4 9.7 4.7 

mean 12.8 100 11.1 102.5 11.5 102.9 2.3 
SD 6.5 4.4 4.5 4.9 6.5 4.7 1.7 

Follow-up 
Diabetic 
patients 
(n = 18) mean 8.8 105.8 7.9 108 7.7 109.1 4.6 

SD 4.2 7.9 4.3 9 3.0 12.9 4.7 

Control subjects 
(n = 35) mean 12.8 100,7 11.3 102.4 11.2 102.4 2.5 

SD 6.5 5.3 4.8 5.7 7.0 5.5 1.7 

Patients vs control subjects at both baseline and follow-up: NS (amplitude), p < 0.002 (P100 binocular and P100 right), p < 0.02 
(P100 left and ILD) 

ond identical study was carried out in all the patients and in 
the normal control subjects by the same personnel as in the 
baseline study. The diabetic group consisted of 11 men and 7 
women, all non-insulin-dependent according to the National 
Diabetes Data  Group [7]; at baseline their mean age was 
51.1 + 6 years, with mean duration of disease since diagnosis 
of 7.9 + 5.3 years (range 1-23), and they were all treated with 
oral hypoglycaemic agents. The patients were also subdivided 
into two groups according to the presence or absence of clini- 
cal signs and/or neurophysiological alterations without clini- 
cal signs of peripheral  neurological disease; the presence of 
the latter was considered if there were alterations of at least 
two of the four NCV values. The control group consisted of 
35 healthy subjects (20 men, 15 women, mean age 
49 + 7.3 years at baseline) without a family history of diabetes 
mellitus; it was strictly the same at the second recording. All  
subjects in the study had a negative history and negative physi- 
cal examination for central nervous system disease, normal 
ophthalmologic examination, and normal visual acuity with 
or without correction. Inclusion criteria in the diabetic sub- 
jects were normal electroretinogram and fluorangiography at 
baseline. Exclusion criteria were alcohol consumption above 
the equivalent of 500 ml wine per day for men and 350 ml for 
women, cigarette consumption of over ten cigarettes per  day, 
and the presence of peripheral  nervous system disease unrelat- 
ed to diabetes. Prior to participation the purpose of the study 
was explained to all of the patients and control subjects and 
their informed consent was obtained. 

Laboratory methods, visual evoked potentials and nerve con- 
duction velocities. Metabolic control was evaluated by the 
mean level of HbAic  % measured in a sample of venous 
blood and determined by HPLC using ion-exchange column- 
chromatography (normal values 3.5-6.4 %). The HbAlc  level 
at baseline was measured on the day of the first VEP record- 
ing. The HbAlc  level of the second recording corresponded 
to the mean of 12 values obtained from each subject in tests 

performed once every 3 months during the last 3 years of fol- 
low-up. VEP-PR were always recorded with the same equip- 
ment using binocular and monocular stimulation according 
to the standardized protocol proposed by Chatrian [8]. Stimu- 
lation was performed with a 25 x 18 cm screen with black and 
white checker-board pattern, each square with 1.1 cm sides. 
The screen was placed 1 m from the nasion (corresponding vi- 
sual angle, 38 ~ with the aim of stimulating the foveal and 
parafoveal fibers at 75 % contrast and reversal rate of 1 Hz 
under conditions of constant brightness. The response was 
evaluated by active electrodes placed over the occipital re- 
gion at 02 (5 cm above the inion), O1 and 02 (5 cm lateral to 
the midline electrode, at the left and at the right respective- 
ly) and a reference electrode placed at Fz. A total of 128 
tests, repeated once. were analysed, and responses showing 
excessive artifacts were excluded. The system bandpass was 
between 0.5 and 1000 Hz and the analysis time 200 ms. We 
measured the peak latencies of P100 wave (LP100), the ampli- 
tude of the potentials (calculated from the N75 peak to the 
P100 peak in Oz) and the interocular P100 latencies differ- 
ence (ILD) at monocular stimulation. LP100 higher than 3 
SD of the mean of the control subjects were considered pa- 
thological according to Chiappa [9]. Four standard NCV 
(motor and sensory NCV of the median nerve, motor  NCV 
of the peroneal nerve, sensory NCV of the sural nerve) were 
determined in all the diabetic patients according to Kimura's 
methods and criteria of interpretation [10] using Alvar Myo- 
dyne PEM II equipment (Montreuil, Paris, France) and they 
were considered pathological when they were less than 2 SD 
of the mean of the control subjects. 

Scores were calculated for each variable (NCV, VEP-PR. 
HbAlc  ) based on the comparison of alterations between the 
first and second recording as follows: NCV score from -4  
to + 4, VEP-PR score from -3 to + 3. and HbAzc score from 
-2  to + 2. where negative signs indicate improvement and posi- 
tive signs indicate worsening of at least 2 SD (i.e. VEP-PR 
score of -2  indicates improvement of two of the three VEP- 
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PR recorded at follow-up). For HbAlc a score of 1 indicated a 
variation of at least 30 % and 2 a variation of at least 60 %. 

Statistical analysis 

Statistical analysis was performed using Student's t-test and 
correlations were evaluated by calculations of the coefficient 
r. The results are expressed as mean +_ SD. Values of p < 0.05 
were considered significant. 

Results 

At baseline LP100 were significantly increased at 
both binocular and monocular stimulation in the 18 
diabetic patients compared with the control subjects, 
as well as ILD between diabetic patients and control 
subjects (Table 1). Seven of the 18 patients (38.8 %) 
had LP100 greater than 2 SD and five (27.7 %) great- 
er than 3 SD of the mean  of the control subjects. At  
the second recording, performed at least 4 years la- 
ter, the LP100 and the ILD of the patients were still 
increased compared with the control subjects and 
the differences were highly significant (Table 1). On 
the other hand, the 18 diabetic subjects showed 
mean LP100 values which were very similar to those 
at baseline and the difference between the first and 
second recording was minimal: nine had identical va- 
lues, four a mild decrease ( > 1 SD) of LP100 in one 
of the monocular recordings and one only in the bino- 
cular recording, and four a moderate  increase (>  1 
SD) of LP100 in at least one monocular recording. 
Also ILD was unchanged (Table 1). Moreover, when 
we analysed polyneuropathy in the diabetic patients 
we observed a tendency to progression of peripheral 
nervous system involvement. Signs of peripheral neu- 
rological disease were seen in five patients at base- 
line, clinical in three and only neurophysiological al- 
teration without clinical signs in two, whereas at the 
second recording clinical signs were confirmed in 
three subjects who had clinical signs at baseline and 
detected in two with only neurophysiological altera- 
tions without clinical signs at baseline; the latter 
were seen newly developed in two other subjects. 

Five patients presented initial background retino- 
pathy at the follow-up examination, without altered 
visual acuity, and only one of them had a mild in- 
crease in left monocular and binocular recordings at 
follow-up compared to baseline. 

Diabetic patients were in good metabolic control 
at baseline as well as during the period of follow-up; 
mean HbAlc was 6.66 + 1.17 % at the first recording 
and 7.54 _ 1.3 at the second. 

Correlations were sought between VEP-PR score, 
NCV score, and HbA 1 c score, and a positive signifi- 
cant correlation was found between the NCV and 
HbAlc scores (r = 0.64, p < 0.01). 
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Discussion 

In line with other authors' [1, 3, 11, 12] and our previ- 
ous findings [6], differences in VEP-PR were ob- 
served between diabetic patients and control s u b -  
jects in the present longitudinal study. LP100 was sig- 
nificantly increased at both monocular and binocular 
stimulation in our patients with N I D D M  at baseline 
and after 4 years. Initial background retinopathy, 
documented in five patients at the follow-up exami- 
nation, did not seem to influence LP100. 

Such alterations of the optic pathways, little-stu- 
died in the early stage, as the rare autopsy findings 
document  alterations in very advanced stages only 
[13], and consisting of severe demyelination and de- 
generation of the axis cylinders in the optic chiasma, 
are in line with observations in patients with myelo- 
pathy and encephalopathy associated with diabetes 
[14, 15]. This suggests that the central nervous sys- 
tem is not spared from involvement in diabetes. 

Moreover, in our study VEP-PR abnormalities 
persisted in all the patients with pathological values 
at baseline. In fact, VEP-PR alterations were surpris- 
ingly stable considering the progression observed, as 
expected, in clinical signs and neurophysiological al- 
terations without clinical signs of peripheral neuro- 
logical disease, as already described [16]. 

In a recent study on animal models Kamijo et al. 
[17] demonstrated that axonal atrophy and axo-glial 
dysjunction are the two structural lesions that occur 
in optic neuropathy, similar to the lesions of diabetic 
peripheral neuropathy in humans [18]; they are re- 
sponsible for prolongation of the latency of the optic 
nerve response and are'probably polyol-pathway de- 
pendent. On the other hand, these authors also dem- 
onstrated that the lesion of the central sensory nerve 
tract is less severe, and that axo-glial dysjunction is 
completely prevented by t reatment  with an aldose re- 
ductase inhibitor (ARI) whereas axonal atrophy is 
not. This is in contrast to the situation in the peripher- 
al nerve, where ARI  has a significant preventive ef- 
fect on axonal atrophy [19]. 

The prolongation of LP100 which we observed is 
thus an expression of structural damage at the level 
of the myelinated optic nerve fibers, which is closely 
related to axo-glial dysjunction, and the differing pro- 
gression of neurological abnormalities in the periph- 
eral nervous system and optic pathways may suggest 
a different pathogenesis, or a similar pathogenesis 
with a different clinical course. The latter hypothesis 
is supported by the important anatomic differences 
between the peripheral nervous system and the optic 
nerve, which has a similar structure to that of the cen- 
tral nervous system [20] and by the finding that meta- 
bolic control in our patients in the previous 3 years 
correlated positively with NCV modifications but 
not with VEP-PR. A certain reduction in the ampli- 
tudes of the visual evoked potentials in diabetic sub- 
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jects was obse rved  at bo th  basel ine and follow-up, but  
statistical significance was no t  reached.  This is in line 
with the  findings of  Kami jo  et al. [17], and also with 
Hal l iday ' s  observa t ions  [21] on  demyel ina t ing  dis- 
ease as the slight decrease  de tec t ed  by  us m a y  be  a re- 
f lec t ion of  the degree  of  conduc t ion  b lock  secondary  
to a g rea te r  axonal  funct ional  susceptibility. 

A l though  n u m e r o u s  studies have  eva lua ted  V E P -  
P R  modif ica t ions  in d iabet ic  subjects as m e a s u r e d  
on  single occasions, as far  as we are  aware  only  
Pozzessere  et al. [22] have  publ i shed  a longi tudinal  
study. O u r  results ob ta ined  in a larger  series af ter  a 
m u c h  longer  fol low-up conf i rm those  of  Pozzessere  
et  al., who  found  that  V E P - P R  al tera t ions  were  sub- 
stantially stable a f te r  a m e a n  interval  of  abou t  
15 months.  

In  conclusion,  V E P - P R  al tera t ions  in N I D D M  are 
not  reversible ,  are  stable, and are  p robab ly  an expres-  
sion of  s t ructural  r a the r  than  funct ional  abnormal i -  
ties, as recen t ly  p roposed  also by  o the r  au thors  [17, 
23]. Thus, V E P - P R  abnormal i t ies  r ep resen t  an inter- 
esting sign of  subcliriical disease, bu t  they  still canno t  
be  cons ide red  total ly  predic t ive  of  subsequen t  devel-  
o p m e n t  of  oph tha lmolog ic  disease. 
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