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Summary To clarify whether GAD-ab are associated 
with diabetic autonomic neuropathy and/or comple- 
ment fixing antibodies against sympathetic ganglia, 
adrenal medulla, and vagus nerve, we examined 133 
diabetic patients (95 with IDDM). GAD-ab were 
determined by a radioligand binding assay using in 
vitro expression of recombinant GAD-65 whereas 
sympathetic ganglia antibodies, adrenal medulla anti- 
bodies, vagus nerve, and ICA were evaluated by indi- 
rect immunofluorescence assays. Autonomic nerve 
function was evaluated by objective tests (heart rate re- 
actions to deep breathing and to tilt). In the total ma- 
terial of 133 patients, GAD-ab were detected in 36 pa- 
tients, all of whom had IDDM. The frequency of GAD- 
ab was similar (38 %) in IDDM patients with and with- 
out signs of autonomic neuropathy (21 of 55 vs 15 of 
40). In addition, there were no significant associations 
between GAD-ab and autonomic nerve antibodies; 

GAD-ab were detected in 9 of 21 (43 %) of patients 
with and in 27 of 112 (24 %) of patients without sym- 
pathetic ganglia antibodies, in 5 of 15 (33 %) of patients 
with and 31 of 118 (26 %) without adrenal medulla anti- 
bodies, and in 5 of 15 (33 % ) with and 31 of 118 (26 %) 
of patients without vagus nerve antibodies. The fre- 
quency of ICA, however, was significantly increased in 
patients with sympathetic ganglia antibodies compared 
with those without sympathetic ganglia antibodies (10 
of 21 [48 %] vs 21 of 112 [19 %];p < 0.01). In conclusion, 
GAD-ab were neither associated with disturbed au- 
tonomic nerve function nor with antibodies against 
autonomic nerve structures. [Diabetologia (1994) 37: 
293-299] 
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Antibodies reacting with glutamic acid decarboxylase 
(GAD-ab) [1], possibly synonymous with islet 64 K 
protein antibodies (64 K-ab) [2], can be detected years 
before the clinical onset of IDDM [3]. ICA may also 
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precede the clinical onset of IDDM [4] and are de- 
tected in most IDDM patients at the time of their clini- 
cal diagnosis [5]. ICA usually disappear during the ini- 
tial years following diagnosis [6-8] whereas GAD-ab 
and/or 64 K-ab seem to be more persistent [9-t2]. 
GAD catalyses the formation of gamma-aminobutyric 
acid, a major neuro-inhibitor present in the central 
nervous system but also in pancreatic nerves [13]. 
Therefore, when persistent GAD-ab were detected in 
IDDM patients with neuropathy and particular high 
levels of GAD-ab were observed in patients with au- 
tonomic neuropathy, Kaufman et al. [11] proposed that 
GAD-ab may be associated with diabetic neuropathy. 
The hypothesis that autoimmunity could be linked to 
diabetic neuropathy is supported by other observations 
[14-17] including reports of CF-ADM [18], CF-SG 
[19], and CF-V [20] in IDDM as well as in NIDDM pa- 
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t ients  [21]. A u t o n o m i c  n e u r o p a t h y  is f r e q u e n t l y  ob-  
s e rved  in N I D D M  pa t ien t s  [22]; if a u t o i m m u n i t y  is as- 
soc ia ted  wi th  a u t o n o m i c  n e u r o p a t h y ,  N I D D M  s h o u l d  
be  cons ide red .  To clarify the  poss ib le  assoc ia t ion  be-  
t w e e n  G A D - a b  and  a u t o n o m i c  n e u r o p a t h y ,  in a cross-  
sec t iona l  s t udy  we  have  d e t e r m i n e d  G A D - a b  and  I C A  
in d iabet ic  pa t i en t s  a nd  r e l a t ed  the  resul ts  to  a u t o n o m i c  
ne rve  func t ion  and  a u t o n o m i c  ne rve  ant ibodies .  I n  ad-  
di t ion,  a g r o u p  o f  p r o s p e c t i v e l y  fo l l owed  I D D M  pa-  
t ients  was  assessed.  T h e  aims o f  the  cu r r en t  r e p o r t  w e r e  
to  re la te  G A D - a b  a nd  I C A  to  a u t o n o m i c  ne rve  func-  
t ion  and  to  C F - S G ,  C F - A D M ,  and  C F - V  in d iabet ic  pa-  
t ients,  to  test  w h e t h e r  these  an t ibod ies  in p r o s p e c t i v e l y  
fo l l owed  pa t i en t s  p r e d i c t e d  the  d e v e l o p m e n t  o f  au to -  
n o m i c  n e u r o p a t h y ,  a nd  to  eva lua te  w h e t h e r  analysis  o f  
the  add i t iona l  da t a  w o u l d  clarify o u r  p r ev ious  p a r a d o x -  
ical f inding [21] o f  p r e s e r v e d  a u t o n o m i c  ne rve  func t ion  
in d iabe t ic  pa t i en t s  wi th  C F - S G  a nd  C F - A D M .  

Subjects, materials, and methods 

Patients. From the previously described study [21] a total of 
111 patients had sera available for analysis of GAD-ab and au- 
tonomic nerve antibodies; 73 (33 women) had IDDM (age 20- 
77 years [mean age + SEM, 42 + 2 years], duration of diabetes 
2-62 years [mean 23 + 2 years]) and 38 (6 women) had N1DDM 
(age 42-59 years [mean 50 + 1 years]; duration of diabetes 3-  
17 years [mean 9 + 1 years]). In the new prospective study, 22 
IDDM patients (15 women), from whom sera had been obtained 
and frozen 10-13 years before the current study, were evaluated 
with regard to both autonomic nerve function and a recently ob- 
tained serum sample; age range in the current study 18-31 years, 
mean 25 + 7; duration of diabetes 5-28 years, mean 15 + 1 (one 
patient with a duration of 5 years had a serum sample taken and 
stored 5 years before the diagnosis of clinical diabetes). In the 
cross-sectional part of the current study, autonomic nerve func- 
tion was related to autoantibodies in the total material (133 pa- 
tients; the original 111 patients together with the 22 prospective 
patients). 

GAD-ab assay. GAD-ab were determined by a radioligand 
binding assay using in vitro expression of recombinant rat GAD 
65 in an eukaryotic system as previously described [23]. The ex- 
pressed enzyme was labelled with 35S-methionine and purified 
by ion exchange and affinity chromatography. The purified 
GAD was finally incubated with serum to be analysed and the 
immunocomplexes were precipitated using a preparation of 
20 % Staphylococcus aureus (Cowan strain 1). In each set of ex- 
periments, incubations with a positive standard patient sera 
(given the arbitrary titre of 100 U/l) as well as five negative con- 
trol serum were included. The results of unknown serum sam- 
ples were analysed and given in GAD index, which is based on 
the following method of calculation: Unknown sample (cpm, 
mean of duplicate) - negative control (cpm, mean of duplicate) 
divided by positive control (cpm, mean of duplicate) - negative 
control (cpm, mean of duplicate) multiplied by a factor 100. The 
inter-assay coefficient of variation was 6.7 %. For inter-assay 
comparison the GAD index was divided by the mean value of 
controls (n = 5) + 2 SD. This final value is presented as corrected 
GAD index and an index greater than i is considered as positive; 
the upper reference range (mean + 2 SD) was defined from data 
obtained by precipitations using sera from 20 healthy control 
subjects [23]. 
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ICA assay. Unfixed human blood group "0" pancreas from a 
single donor was used in an indirect two-colour immunofluores- 
cence assay [24]. Serum samples were diluted 1:2, 1:4, 1 : 8, etc, 
and the end-point titre was defined as the highest titre with de- 
tectable ICA. ICA levels are presented in JDF units based upon 
titration of the JDF standard serum on the single pancreas used 
throughout the study. The inter-assay variation was 0.65 titration 
steps during the study period. The detection limit for used pan- 
creas was 3 JDF units. 

Assays for CF nerve antibodies. Indirect immunofluorescence 
complement-fixation techniques were used in all three assays. 
Human adrenal gland obtained at surgery or autopsy was used in 
CF-ADM, rabbit sympathetic ganglia in CF-SG, and rabbit 
vagal nerve in CF-V. The assays have been described in detail 
[18-20]. In the case of CF-SG and CF-V binding has been pre- 
viously demonstrated with human tissue eliminating the ques- 
tion of a heterophilic antibody binding. Fresh human serum was 
used as a complement source. Fluorescein isothiocyanate goat- 
anti-human C3c (Calbiochem-Behring, LaJolla, Calif., USA) 
was used as the detecting agent. For CF-ADM, a fluorescence 
score of 4, and for CF-SG as well as CF-V, a score of i or above 
were considered abnormal. In normal control subjects, the fre- 
quency of CF-SG is 0 %, CF-ADM, 3 %, and CF-V, 0 % [25]. 

Autonomic nerve function was assessed from the heart rate reac- 
tions to deep breathing (expiration/inspiration ratio, a test of 
parasympathetic nerve function) [26] and to tilt (acceleration 
and brake indices, tests considering sympathetic nerve function 
as well) [27]. The blood pressure reaction to tilt was also assessed 
as a test of sympathetic nerve function. Only objective tests of 
autonomic nerve function were employed; symptoms of auto- 
nomic neuropathy are difficult to validate [22]. To match for the 
influence of age on autonomic nerve function, autonomic indices 
were transformed into age-corrected values expressed as SD. 
Autonomic neuropathy was defined as at least one autonomic 
neuropathy index less than 1.5 SD below the age-related refer- 
ence value for the expiration/inspiration ratio, acceleration, 
and/or the brake index [22]. Informed consent was obtained 
from all subjects and the study was conducted according to the 
Declaration of Helsinki. 

Statistical analys& 

Differences in frequency were tested with the chi-square test 
with contiguency correction or Fisher's exact test, differences be- 
tween groups with the Mann-Whitney U-test, differences within 
groups with the Wilcoxon paired test, and Spearman's test was 
used for correlations. All tests were two-tailed and a p value less 
than 0.05 was considered significant. Values are presented as 
mean + SEM. 

Results 

Cross-sectional study (total material) 

I n  the  to ta l  mater ia l ,  a u t o n o m i c  n e u r o p a t h y  was  f o u n d  
in 79 o f  133 (59 % ) pa t ients ;  55 o f  95 (58 % )  wi th  I D D M  
and  24 o f  38 (63 % )  wi th  N I D D M  s h o w e d  a u t o n o m i c  
n e u r o p a t h y  (Table  1). T h e r e  w e r e  no  s ignif icant  dif- 
f e rences  in age  and  d u r a t i o n  o f  d iabe tes  b e t w e e n  pa-  
t ients  wi th  and  w i t h o u t  a u t o n o m i c  n e u r o p a t h y  a m o n g  
I D D M  or  N I D D M  pat ients .  
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Table 1. Frequencies of GAD-ab, ICA, CF-SG, CF-ADM, and CF-V in diabetic patients with and without autonomic neuropathy 

All diabetic patients IDDM NIDDM 

with without with without with without 
neuropathy neuropathy neuropathy neuropathy neuropathy neuropathy 

n 79 54 55 b 40 c 24 d 14 ~ 
GaD-ab ~ 21 [27] 15 [28] 21 [38] 15 [38] 0 0 
ICA~ 18 [23] 13 [24] 16 [29] 13 [33] 2 [8] 0 
CF-SG 5 [6] 16 [30] ~ 3 [5] 14 [35] a 2 [8] 2 [14] 
CF-ADM 7 [9] 8 [15] 4 [7] 6 [15] 3 [13] 2 [14] 
CF-V 9 [11] 6 [111 4 [7] 5 [13] 5 [21] 1 [7] 

Values in brackets are %. a p < 0.001 compared with patients 
with neuropathy; b Age: 36 + 1 years; duration of diabetes 19 + 
i years; c age 41 _+ 3 years; duration of diabetes 23 + 3 years; 
d age: 50 +- 1 years; duration of diabetes 9 + 1 years; e age: 49 + 
i years; duration of diabetes 9 + 1 years; f IDDM patients with 
GAD-ab compared with those without; age: 36 + 3 [range 18-77] 

years vs 39 + 2 [range 18-73] years, respectively; duration of 
diabetes: 19 _+ 2 [range 4-56] years vs 22 + 2 [range 2-62] years, 
respectively, g IDDM patients with ICA compared with those 
without; age 37 + 2 years vs 38 _+ 2 years, respectively; duration 
of diabetes: 18 _+ 2 years vs 22 + 2 years, respectively 

In the total  material,  GAD-ab  were found in 36 pa- a 0 
tients, all of whom had IDDM.  GAD-ab  were not  asso- 7o 
ciated with autonomic neuropathy;  21 of 55 (38%) 
I D D M  patients w i t h  and 15 of 40 (38 %) I D D M  pa- 60 
tients without  autonomic neuropathy  showed GAD-ab  ~ 

~ 5 0  
(Table 1). There  were no significant differences in age 
and durat ion of diabetes be tween I D D M  patients with g 40 
and without  GAD-ab .  < 

In the total  material,  I C A  were noted in 31 of 133 3o  

(23%) patients, most  of them (29 of 31; 94%)  with 2o  

IDDM. As for GAD-ab ,  the frequency of I C A  did not  
10 

differ significantly be tween I D D M  patients with and a 
without  autonomic neuropathy  (16 of 55 [29 % ] vs 13 of 
40 [33 %], respectively). I D D M  patients with GAD-ab  s 0 
showed a significantly higher frequency of I C A  than 
I D D M  patients without  GAD-ab  (19 of 36 [53 % ] vs 10 70 
of 59 [17%]; p<0.001) .  There  was a tendency for 

6 0  
GAD-ab  positivity to be more  f requent  than I C A  posi- F 
tivity in I D D M  patients with a long durat ion of ~ s o  

diabetes (Fig. 1 a); however, four patients with a dura- g 4 0 
tion of  diabetes of more  than 20 years showed I C A  
without  G A D -a b  (Fig. l b ;  I C A  levels in those four 30  

cases 3, 8, 12, and 30 J D F  units, respectively). It is note- 
20 

worthy that  four patients with a diabetes durat ion of 
more than 40 years had GAD-ab;  two of whom were 1 0 
also ICA positive (Fig. 1 a; patients without  ICA; cor- b 
rected G A D  indices 4.84 and 8.91, respectively; pa- 
tients with ICA: I C A  116 J D F  units with a corrected 
GAD-ab  index of 22.49 and ICA 705 JDF  units with a 
corrected GAD-ab  index of 13,16, respectively). In 
GAD-ab  positive patients, the corrected G A D  index 
correlated significantly with I C A  levels (Fig. 2, r = 0.53; 
p < 0.002) but not  as expected with the durat ion of 
diabetes (r = 0.23;p = 0.14). 

In the total  material,  CF-SG were detected in 21 of 
133 (16 %) patients (Table 1). CF-SG were significantly 
(p < 0.001) less f requent  in patients with than in pa- 
tients without  autonomic neuropathy. In agreement  
with this observation, the acceleration index (-0.29 + 
0.23 vs -1.00 + 0.09, respectively; p < 0.01) and the 
brake index (-0.33 + 0.20 vs -0.95 + 0.09, respectively, 

•0  

A • 

• e_l= 
41k•~ • 

" • • • n . . . .  i . . . .  u . . . .  u . . . .  J . . . .  u 

10 20 30 40  50  60  
Duration (years) 

0 
CO 

o o o 
O(3D O 41b 

O00~ 
So 

Oo 

O 

O 

O 

. . . .  = . . . .  J . . . .  u . . . .  u . . . .  u . . . .  i . . . .  u 

10 20 30  40  50  60  70  
Duration (years) 

F i g . l a ,  b. (a) Patients with IDDM with GAD-ab in relation to 
the duration of diabetes and age. O, patients with GAD-ab; A, 
patients with ICA and GAD-ab (b) IDDM patients without 
GAD-ab in relation to the duration of diabetes and age ©, pa- 
tients without GAD-ah; O, patients with ICA but without 
GAD-ab 

p < 0.002) were significantly higher (more normal)  in 
patients with than in patients without  CF-SG. The fre- 
quency of ICA,  but not of GAD-ab ,  was significantly 
higher in I D D M  patients with CF-SG than in I D D M  
patients without  CF-SG (ICA: 10 of 17 [59 %] vs 19 of 
78 [24%] ,p  < 0.02; GAD-ab:  9 of 17 [53%] vs 27 of 78 
[35 %], p = 0.26). In I D D M  patients, CF-SG levels 
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Fig.3. Levels of 1CA in relation to levels of CF-SG in IDDM 
patients 

correlated significantly with ICA levels ('Fig. 3: r = 0.42; 
p < 0.001) but not with the corrected GAD index (r = 
0.19;p =0.10). 

In the total material, CF-ADM were found in 15 of 
133 (11%) patients and the frequency was not in- 
fluenced by the type of diabetes (Table 1). In IDDM 
patients a possible association between CF-ADM and 
autonomic failure was detected; although the auto- 
nomic nerve test indices did not differ significantly 
(data not shown) between patients with and without 
CF-ADM, diastolic blood pressure was significantly 
lower 8 min after tilt (70 + 9 vs 84 + 1 mm Hg; p < 0.05) 
in those with than in those without CF-ADM. There 
were no obvious associations for CF-ADM vs GAD-ab 
and ICA; GAD were detected in 5 of 15 (33 %) patients 
with, vs 31 of 118 (26%) patients without CF-ADM, 
corresponding frequencies for ICA were 5 of 15 (33 %) 
vs 26 of 118 (22%). 

In the total material, CF-V were present in 15 of 133 
(11%) patients and tended, as previously described 
[21], to be associated with autonomic neuropathy in 
NIDDM patients (Table 1). There were no obvious as- 
sociations for CF-V vs GAD-ab and ICA; GAD were 
detected in 5 of 15 (33%) patients with vs 31 of 118 
(26 % ) patients without CF-V, corresponding frequen- 
cies for ICA were 4 of 15 (27 %) vs 27 of 118 (23 % ). 

Clusters of antibodies 

Amongst IDDM patients, 21 had antibodies against 
one autonomic nerve (12 with CF-SG, five with CF- 
ADM, and three with CF-V; together with ICA and 
GAD-ab in five cases, with 1CA alone in two cases, and 
with GAD-ab alone in three cases), six had antibodies 
against two autonomic nerves (CF-SG and CF-ADM 
in two cases, CF-SG and CF-V in two cases, and CF- 
A D M  and CF-V in two cases; together with ICA and 
GAD-abs in two cases, ICA alone in two cases, and 

GAD-ab alone in two cases) whereas all three auto- 
nomic nerve antibodies were detected in one patient 
(together with ICA and GAD-ab). Amongst NIDDM 
patients, nine showed antibodies against one auto- 
nomic nerve (CF-SG in two cases, CF-ADM in three 
cases, and CF-V in four cases; CF-V were combined 
with ICA in one case) whereas three patients showed 
antibodies against two autonomic nerves (CF-SG and 
CF-ADM, CF-SG and CF-V, and CF-ADM and CF-V; 
no association with ICA). A combination of three au- 
tonomic nerve antibodies was not detected in any of the 
NIDDM patients. 

Prospective study 

In the 22 prospectively-followed IDDM patients, 9 of 
20 (45 %; sera lacking in two patients) had GAD-ab in 
the first study and in the second study 6 of 9 of them had 
become GAD-ab negative. However, five previously 
GAD-ab negative patients were GAD-ab positive in 
the second study. Hence, nine patients were GAD-ab 
positive in the second study (I of 2 patients without 
sera in the first study was GAD-ab positive in the sec- 
ond study). 

ICA were detected in three patients in the first 
study (levels 183, 19, and 5 JDF units, respectively) 
and 2 of 3 were ICA negative in the second study; the 
patient still positive had increased his ICA levels 
(from 19 to 47 JDF units). All three of the ICA posi- 
tive patients were positive for GAD-ab in the first 
study and their GAD-ab levels and ICA levels were 
well correlated (patient 1: ICA level = 183 JDF units, 
corrected GAD index = 14.77; patient 2 ICA lev- 
el = 19 JDF units, corrected GAD-ab index = 4.58; pa- 
tient 3 ICA level = 5 JDF units, corrected GAD-ab 
index = 1.63). Patients 1 and 3 became ICA negative 
in the second study and, in agreement with this, the 
GAD indices in these patients decreased (patient 1 
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from 14.77 to 1.26; patient 3 from 1.63 to 0.99 i.e. pa- 
tient 3 was GAD-ab negative in the second study). In- 
terestingly, patient 2, who showed an increase in ICA 
levels between the studies, displayed a corresponding 
increase in the corrected GAD-ab index (from 4.58 in 
the first study to 17.44 in the second). 

There were no significant differences in autonomic 
nerve function tests between patients with and without 
GAD-ab (data not shown). 

In the first study, CF-SG were detected in one pa- 
tient, CF-V in another, whereas CF-ADM were not de- 
tected in any patient. In the second study, CF-SG had 
disappeared in the patient who was previously CF-SG 
positive; however, CF-SG were now detected in three 
other patients, CF-ADM had appeared in two patients, 
whereas CF-V persisted in the patient previously CF-V 
positive. No obvious clinical specific features were de- 
tected in the patients with CF-SG and CF-V. The two 
patients with CF-ADM had low brake indices (-2.77 
and -2.59, respectively); the mean brake index was sig- 
nificantly lower in these patients compared with the 
other 20 patients (-2.68 + 0.09 vs -0.79 + 0.33, respec- 
tively; p < 0.05). In addition, one of the CF-ADM posi- 
tive patients demonstrated profound systolic and 
diastolic blood pressure falls 8 min after tilt (blood 
pressures recorded as 0 m m  Hg). 

Discussion 

This study failed to demonstrate  a relationship be- 
tween GAD-ab and autonomic neuropathy. In addi- 
tion, no association between GAD-ab and autonomic 
nerve antibodies (CF-SG, CF-ADM, and CF-V) was 
discovered and none of the antibodies tested predicted 
future deteriorations in autonomic nerve function. The 
presence of CF-SG was found to be associated with 
preserved autonomic nerve function, the frequency of 
ICA was increased in patients wi~h CF-SG, and the 
levels of ICA and CF-SG were found to be correlat- 
ed, whereas CF-ADM were associated with sympa- 
thetic nerve failure. In addition, five previously GAD- 
ab negative IDDM patients became positive after 10- 
15 years i.e. many years after the clinical diagnosis of 
IDDM. 

Evidently, this study does not support  the hypo- 
thesis that persistent GAD-ab are associated with 
diabetic neuropathy [11]. However, autonomic and not 
peripheral nerve function was evaluated in our study. 
Diabetic autonomic neuropathy occurs more frequent- 
ly with peripheral neuropathy [28, 29] but  may dissoci- 
ate [30, 31]. Thus, this study cannot completely rule out 
the possibility of a link between GAD-ab and neuro- 
pathy; further studies will be required in which patients 
are assessed for peripheral nerve function and GAD- 
ab. The putative correlation between neuropathy and 
GAD-ab [11] might, however, have reflected the dura- 
tion of diabetes and not neuropathy as was recently 
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suggested in a preliminary report  [32]. Signs of periph- 
eral [33] and autonomic [34, 35] dysfunction are known 
to increase with the duration of diabetes. In the present 
study, however, GAD-ab were detected in patients 
with a long duration of IDDM without signs of neu- 
ropathy. The detection of these GAD-ab in long-term 
IDDM patients is in agreement with recent observa- 
tions [10, 12, 32]. 

Before rejecting the hypothesis of an association be- 
tween GAD-ab and neuropathy, the importance of 
G A D  isoforms should be considered. GAD-65 is ex- 
pressed in human pancreatic islets [36] and is a major 
islet cell antigen against which autoantibodies are 
formed in IDDM patients [23]. In contrast to pancre- 
atic islets, GAD-65 and GAD-67 are expressed in 
nerve tissue from different species, including humans 
[37]. Though GAD-67 antibodies may be detected at 
the onset of IDDM, GAD-67 antibodies do not occur 
without GAD-65 antibodies [23]. The hypothesis that 
GAD-ab and neuropathy are associated was based on 
findings in eight IDDM patients using a nitrocellulose 
dot-blot assay where the GAD-65 and GAD-67 iso- 
forms were produced by bacterial expression [11]. Dot- 
blot assays are only semiquantitative, however, and 
often complicated by background problems due to im- 
munoglobulins interacting with low affinity binding. 
The reported GAD 67 reactivity in six of the eight 
GAD-ab positive patients may rather have reflected 
cross-reactivity. Therefore, in our opinion, it is unlikely 
that there is a group of neuropathy prone diabetic pa- 
tients who only secrete GAD-67 ab. Besides differen- 
ces in methodology (our assay considered GAD 65 
only), in contrast to nine long-term IDDM patients 
with neuropathy compared with four IDDM patients 
without [11], we compared 55 IDDM patients with and 
40 without neuropathy and found that 38 % in each 
group demonstrated GAD-ab.  In addition, in our 
study, GAD-ab and autonomic nerve antibodies were 
unrelated also arguing against an association between 
GAD-ab and neuropathy. The lack of GAD-ab in 
NIDDM also obscures the hypothesis that GAD-ab 
are linked to diabetic neuropathy; autonomic neuro- 
pathy is frequently observed in N I D D M  [22]. 

A salient finding was the discovery that GAD-ab 
could be detected in I D D M  patients lacking GAD-ab 
10-13 years earlier (prospective study). Accordingly, 
GAD-ab may develop after many years of IDDM. A 
"new" development  of GAD-ab,  could also be the ra- 
tional behind the presence of GAD-ab in our cross-sec- 
tionally tested material. In the cross-sectional material, 
some patients were tested for C-peptide and found to 
be negative [34]. Hence, it is unlikely that preserved 
beta-cell function explained the occurrence of GAD- 
ab in these patients; lack of preserved beta-cell func- 
tion has also been noticed in other long-term IDDM 
patients with GAD-ab [9, 10]. Our finding that GAD- 
ab can be detected years after diagnosis of IDDM in pa- 
tients previously negative (prospective series of pa- 
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tients), may not neccessarily challenge the concept of 
GAD as a major antigen involved in the pathogenesis 
of IDDM [3, 38, 39]. The frequency of GAD-ab is high 
at the clinical diagnosis of IDDM [40] and then de- 
creases [9]. Autoimmunity directed against GAD may 
fade in parallel with initial beta-cell loss during IDDM. 
Other GAD containing structures, not neccessarily 
nerves, may then induce a memory response when ex- 
posed to immune competent cells. This would stimu- 
late a second development of GAD-ab or an increased 
level of GAD-ab in patients with GAD-ab. Such a 
mechanism would explain the lack of GAD-ab in long- 
term NIDDM patients. The commencement of 
NIDDM is not associated with GAD-ab; GAD-ab in 
"NIDDM patients" indicate the diagnosis of IDDM 
[41, 42]. 

In our original communication [21], CF-SG were not 
separated from CF-ADM; the two sympathetic nerve 
antibodies taken together were associated with 
preserved autonomic nerve function. It now appears 
that CF-SG and not CF-ADM are responsible for this 
paradoxical association. Analogous to ICA in pre- 
IDDM subjects [4], CF-SG may precede autonomic 
neuropathy. This is not contradicted by the low fre- 
quency of CF-SG in the first study of the prospectively 
followed patients; lack of CF-SG in these samples may 
have been a consequence of the long storage period, or 
the sensitivity of the assay, or both. The possibility that 
persistent ICA in combination with CF-SG signifies a 
specific sub-group of autoimmune IDDM must be seri- 
ously considered. 

Recently, CF-SG were observed in 6 of 37 ( = 20 %) 
of IDDM patients with symptoms and signs of auto- 
nomic neuropathy compared with none (0 of 25) with- 
out [43]. The association between autonomic dysfunc- 
tion and CF-SG seemed to be related rather to symp- 
toms, however, than to signs of autonomic neuropathy 
(patients with signs but without symptoms lacked CF- 
SG). Due to our previous experience of the difficulties 
in validating symptoms of autonomic neuropathy [22], 
symptoms were not evaluated in this study. In the study 
of Zanone et al. [43], CF-SG, as well as CF-ADM and 
CF-V (reported in frequencies similar to those in our 
study), were assumed to be related to GAD or GAD- 
ab, or both. This suggestion was not confirmed in our 
study. GAD-ab were neither associated with auto- 
nomic neuropathy nor with CF-SG, CF-ADM, and CF- 
V; however, GAD-ab were related to IDDM, to ICA, 
could be detected in IDDM patients with a surprisingly 
long duration of diabetes, and could appear in IDDM 
patients who did not demonstrate GAD-ab 10-13 years 
earlier. In our study, CF-ADM, in contrast to CF-SG, 
were associated with signs of sympathetic failure [44] 
i.e. blood pressure falls after tilt and abnormally low 
brake indices. Accordingly, CF-ADM might be a phe- 
nomenon related to adrenal medullitis [45] and adrenal 
medulla fibrosis [46], putative causes of sympathetic 
failure in diabetic patients. 
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