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AUTOIMMUNITY IN INIDAN DIABETICS 
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INTRODUCTION : 
  
Diabetes mellitus was classified by WHO in 1985 
into insulin-dependent diabetes mellitus (IDDM), 
non-insulin-dependent diabetes mellitus (NIDDM) 
and malnutrition-related diabetes mellitus (MRDM). 
This classification of diabetes is based on the 
clinical criteria and not based on the 
pathophysiologic disease process. IDDM is also 
referred to as Type 1 diabetes and NIDDM as Type 
2 diabetes. These terminologies are used almost in 
all countries synonymously. However the American 
Diabetes Association (ADA) in their recent 
classification, proposed in 1997, have used the 
terminology Type 1 diabetes and Type 2 diabetes 
and have dropped MRDM from the classification. 
After this classification, it has become clear that the 
terms Type 1 diabetes and Type 2 diabetes are used 
to describe the disease process, thereby giving the 
understanding that the IDDM and NIDDM are terms 
used to describe diabetes as clinical categories. In 
the current ADA classification, clinically described 
IDDM patients and the autoantibody positive 
NIDDM patients are to be referred to as Type 1 
diabetes. As there are no markers available for the 
etiologic diagnosis of Type 2 diabetes, the diagnosis 
of the Type 2 diabetes is determined by exclusion of 
Type 1 diabetes.  
  
In this paper we will first describe the markers for 
autoimmunity in Type 1 diabetes and then discuss 
these markers in the context of clinical classification 
followed in India for the diagnosis of diabetes. 
  
MARKERS FOR AUTOIMMUNITY IN TYPE 
1 DIABETES MELLITUS : 
  
HLA: 
  
Several genes have been studied in exploring the 
pathogenesis of Type 1 diabetes, but the most 
important of them all is the Human Leukocyte 
Antigen (HLA) complex, also called as Major 
Histocompatibility complex (MHC). An HLA class 
II gene, identified as IDDM1 locus, is located in the 
short arm of chromosome 6. The MHC encompasses 
a region of four million base pairs. HLA are highly 
polymorphic membrane bound glycoproteins that 

play an important role in the immune response of an 
individual. They bind and present antigenic peptides 
to CD4 + helper T cells [1]. The allelic variability 
affects the peptide binding properties of the 
molecules [2]. The HLA molecule can bind many 
different antigenic peptides, which are different for 
different HLA molecules [3]. At the same time, the 
same peptide can interact with several HLA 
molecules with different binding affinities [4]. The 
genes of the MHC are classified into class l, class ll 
and class lll genes. HLA class I are heterodimeric 
cell surface molecules with extracellular, 
transmembranous and intracellular part. They are 
present in all the nucleated cells in the body. These 
molecules have a single polypeptide chain 
containing three domains associated with b 2 
microglobulin. The genes encoding these molecules 
are located in the telomeric region of the MHC 
complex. The class I genes represent classically 
HLA-A, -B, -C (Figure 1). Non classical class I 
genes have been identified, which include HLA-E, -
F, -G, [5, 6] and class I pseudogenes HLA-H, -J, -K, 
and –L [7]. The function of these class I molecules 
are to present short peptides (8-9 amino acids long) 
to CD8 + cytotoxic T cells. Association of HLA 
with Type 1 diabetes was first demonstrated in the 
world, by the finding of increased frequency of 
HLA-B8 allele in Indian patients when compared to 
controls. 
  
The class ll genes are located at the centromeric end 
of the MHC and they span a region of one million 
base pairs [8, 9]. The class II molecules are 
heterodimeric proteins consisting of a a chain and b 
chain expressed on the cells of the immune system, 
i.e., monocytes, macrophages, B-lymphocytes, 
dendritic cells and activated T cells. Products of the 
HLA class I and Class II loci show high degree of 
polymorphism [7]. For the class II region, DRA is 
non-polymorphic, but DRB, DQA1 and DQB1 
show high degree of allelic variability. Many of 
these alleles differ from each other by several amino 
acids and these polymorphic loci are located in the 
peptide binding and T cell recognition area of the 
molecule. As more and more populations are 
studied, newer polymorphisms and additional 
combinations of allelic sequences are identified. 
HLADQ molecules when  identified  by  serological  
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techniques were previously called as DQ1, DQ2, 
DQ3 and DQ4. Subsequently, with improved DNA 
based typing techniques, DQ1 could be subdivided 
into DQ5 and DQ6; DQ3 could be divided into 
DQ7, DQ8 and DQ9. Since DQ molecules is made 
of DQA chain and DQB chain each one of them 
being polymorphic, identification of the DQA and 
DQB subtypes was possible by DNA typing 
techniques. 

HLA 

 
 
Islet Cell antibodies (ICA) 
  
Antibodies reactive against islet cell antigens (islet 
cell antibodies – ICA) were first described in 
1974[10] and provided strong evidence for an 
autoimmune etiology and pathogenesis for Type 1 
diabetes. They were termed as islet cell antibodies, 
as it was not clear what the antigen was. Even 
though the ICA was discovered nearly 25 years ago, 
the antigen or antigens for ICA are still not known. 
The ICA is islet cell specific and not beta cell 
specific. ICA belongs to IgG class and staining 
patterns in immunofluorescence shows two different 
patterns. When the entire islet fluoresces it is called 
‘whole-islet ICA’ and if the staining is seen 
specifically in b cell it is called ‘restricted ICA’. The 
major antigen for restricted ICA is Glutamic acid 
decarboxylase [GAD], as preabsorption with GAD 
can block ICA reaction [11]. From the current 
studies on patients with Type 1 diabetes, taken from 
different population, ICA is present in 
approximately 80-90% of new-onset patients [12, 
13]. In-patients with clinical IDDM [14], clinical 
NIDDM and gestational diabetes mellitus (GDM), 
presence of ICA appears to predict later insulin-
dependency. Inverse correlation has been reported 
between the presence of ICA positively and beta-
cell function as evidenced by low C-peptide 
response [13, 15-17]. In Swedish Caucasians, with 
new onset diabetes, 84% were positive for ICA, 
suggesting a high prevalence [18]. 
  
GAD65 antibodies 
  
Glutamic acid decarboxylase isoform 65 [GAD65] 
is the major islet autoantigen in Type 1 diabetes. 
This enzyme catalyses the conversion of inhibitory 
neurotransmitter g -amino butyric acid (GABA) 

from glutamate. Studies on prediabetic individuals 
showed occurrence of GAD65 antibodies (Ab) in a 
large number of cases [19, 20]. In the first-degree 
relatives of patients with Type 1 diabetes, the 
presence of GAD 65 antibodies appeared as a better 
marker for subsequent onset of clinical disease. The 
cloning of human islet GAD65 allowed the 
development of highly sensitive and specific 
radioimmunoassy to detect GAD autoantibodies in 
Type 1 diabetes [21-23]. GAD65 antibody 
positively was observed in 70 to 80% of new onset 
Type 1diabetes in several population, compared to 
only 1-2% in healthy controls [13,18, 23-19]. It was 
found that the prevalence of GAD65Ab was 
significantly higher among Type 1 diabetes females 
than among Type 1 diabetes males’ [22]. This 
gender-dependent difference in occurrence of 
GAD65Ab seems to be more pronounced in 
children aged less than 12 years, and in this group, 
GAD65Ab were found in 80% of females and 61% 
of males [22]. In a study of 312 recent onset, 
Belgian, Type 1 diabetes patients [28], the 
prevalence of GAD65Ab amongst children less than 
nine years of age (64%), was found to be lower than 
that of ICA (86%) or insulin auto antibodies [IAA] 
(78%). ICA512 is associated with rapid onset of 
Type 1 diabetes, but GAD65 antibodies are 
associated with slower rate of disease progression 
[30, 31]. However, while the prevalence of ICA and 
IAA decreased with increasing age at onset of the 
disease, the prevalence of GAD65Ab remained 
unchanged (80% and 78% in 10-19 years and 20-39 
years age groups, respectively). These data indicate 
that GAD65Ab may have the highest diagnostic 
sensitivity for Type 1diabetes amongst patients aged 
20-30 years. 
   
ICA512 antibodies 
  
Immunoprecipitates of 64k antigens, when treated 
with proteases resulted in three distinct fragments 
called 50k, 37k and 40k [32]. Fragment 50k was 
found to be derived from GAD65. However, 37k 
and 40k immunoprecipitated a distinct class of 
antibodies [33] and these were shown to be derived 
from islet membrane associated protein. Screening 
of human islet cDNA expression library, using 
pooled sera from new onset Type 1 diabetes 
patients, resulted in precipitation of a number of 
important proteins like Carboxypeptidase-H, ICA69 
and ICA512 [34]. The deduced amino acid sequence 
of ICA512 encodes a 60kDa protein containing a 
putative tyrosine phosphatase domain, homologous 
to the T-cell surface molecule CD45. Some of the 
properties identified for ICA512 were identified to 
be similar to 37k/40k antigen. A longer clone was 
reported independently, called IA-2, and the 
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nucleotide sequence suggested that ICA512 was a 
partial sequence of IA-2. The protein it encoded had 
a predicted molecular weight of 105kDa [35]. Later 
studies showed IA-2 to be a precursor for the 40k-
antigen [36]. 
  
However, 37k protein was identified to be a protein 
related to IA-2 but it is distinct from IA-2 [37]. 
Studies on the mouse pancreatic endocrine cell line 
led to the discovery of a protein with high degree of 
homology to IA-2 and were called ‘IA-2b ’[38]. A 
similar protein in the rat model was designated 
‘phogrin’ [39]. It was later shown that IA-2b 
/phogrin was recognized by antibodies in Type 
1diabetes sera and IA-2b /phogrin inhibited the 
binding of 37k antibodies, suggesting that IA-2b 
/phogrin was a precursor for 37k antigen. 
Antibodies to IA-2 are more prevalent than IA-2b 
/phogrin and Type 1 diabetes sera recognizing IA-
2b /phogrin and not IA-2 have not been 
demonstrated. There is 80% identity in the amino 
acid sequences of IA-2 and IA-2b PTP like domains 
and the antibodies in the Type 1 diabetes sera are 
directed to epitopes in this region [38]. ICA512 is 
expressed in pancreas and brain. IA-2 and IA-2b 
antibodies are shown to be associated with rapid 
progression to Type 1 diabetes [30, 31] and are 
associated in patients with a younger age at onset. 
  
INSULIN AUTOANTIBODIES : 
  
Insulin is a 51 amino acid molecule, made up of A 
chain and B chain, connected by a disulphide bond. 
Antibodies to insulin were initially described in 
untreated Type 1 and Type 2 diabetes patients in 
1963 [40] and subsequently in newly diagnosed 
Type 1-diabetes patients, before the treatment with 
insulin [41]. Approximately 40-45% of the new 
onset Type 1 diabetes patients is positive for insulin 
autoantibodies (IAA). In prediabetic individuals, 
IAA when detected with ICA significantly enhances 
the risk of development of Type 1 diabetes [42]. 
There are no studies available on the prevalence of 
IAA in Indian Type 1 diabetes patients.  
  
AUTOIMMUNE MARKERS IN INDIAN 
DIABETICS  
HLA in Indian diabetics. 
  
The first study demonstrating HLA association with 
Type 1 diabetes was done by an Indian in 1973 [43], 
who showed HLA-B15 and B-8 to be positively 
associated and B-7 to be negatively associated with 
IDDM, thus starting a new area of research, which 
has still not abated after 25 years. However, in 
North Indian IDDM patients, B-21 was significantly  

positively and HLA B-7 was negatively associated 
[44]. In a study on South Indian patients using DNA 
typing techniques, DR3 association was 
predominant, when compared to association of DR4 
with IDDM [45, 46]. This was also confirmed in-
patient from Madras [47] and North Indians of 
Punjabi origin from Britain [48,49]. 
  
ICA in Indian diabetics 
  
Students on the Indian population however did not 
show high a prevalence of ICA, as was seen in 
European Caucasians. In North Indian patients with 
IDDM, about 40% of the new – onset IDDM were 
ICA positive [50,51]. It is not clear whether this 
wide difference in the prevalence of ICA in 
Caucasian and Indian population is due to genetic 
differences between the populations or the 
autoimmunity induced in Indian IDDM is different 
from that of the Caucasians. It has been shown that 
ICA are associated with DR4 and DQ8 in 
Caucasians and the association of Indian IDDM to 
DR3 rather than to DR4, could be one of the reasons 
for the low prevalence of ICA in Indian IDDM 
patients [23]. 
  
GAD65 autoantibodies in Indian Diabetics 
  
There are very few studies on the prevalence of 
GAD65 antibodies in Indian IDDM patients. The 
prevalence of the GAD65 antibodies in South Indian 
IDDM patients was 59% in recent onset-IDDM 
patients (duration less than two years), but the 
frequency increased to 69% in-patients with 
duration between six to ten year’s [53]. All patients 
below the age of five years were GAD65 antibody 
positive. This suggests that the IDDM seen in India 
is not different from that seen in Caucasians. Obese 
IDDM patients had significantly less GAD65 
antibodies, when compared to undernourished and 
normal nourished patient’s [53]. However, in IDDM 
patients from Cuttack, GAD65 antibodies were 
lower in frequency than in South Indian patient’s 
[54]. In this group of patients, the predominant 
autoantibody was to ICA512 and not GAD65. 
However, in European Caucasians, the predominant 
autoantibody is to GAD65 and not ICA512 [55]. In 
an analysis of NIDDM patients from Cuttack, 
GAD65 antibodies were present in 7% of patients 
and their frequency was not significantly different 
from that of controls. However, the predominant 
autoantibody in NIDDM patients was ICA512 [56]. 
In NIDDM patients from Madras, prevalence of 
GAD65 antibodies decreased with increasing age. 
  
ICA512/IA2 autoantibodies in Indian Diabetics 
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In Indian IDDM patients from Cuttack, ICA512 was 
the predominant autoantibody and was present in 
43% of patients (n-74) and its incidence was lower 
in-patients with a shorter duration of disease, (less 
than four years, 32%) than in-patients of longer 
duration (more than four years, 60%). This finding 
is opposite to that found with GAD65 
autoantibodies, which has a higher incidence in 
Indian patients with shorter rather than a longer 
duration of the disease [54]. In NIDDM patients 
from Cuttack (n =218), ICA512 autoantibodies are 
present in 39% of all patients and was seen in 40% 
of early onset (onset less than thirty-five years) 
NIDDM patients (n=128) and 38% of late onset 
(onset more than thirty-five years) NIDDM patients 
(n=90). 
  
When all the NIDDM patients were divided into 
different age groups, the maximal ICA512 antibody 
positivity was present in 20-30 years age group 
(30/41, 73%) and in 50-60 years age group (14/23, 
60%). This finding suggests that the incidence of 
slow-onset IDDM is higher in Indian patients and 
that WHO’s clinical classification of diabetes does 
not allow this group of IDDM patients to be 
properly classified, as it relies on clinical criteria. 
This finding may suggest that the prevalence of 
autoimmune diabetes in India is probably as high as 
that observed in European or American Caucasians 
and proper follow-up studies are necessary to 
consolidate this finding. The reason why the slow-
onset diabetes is more frequent in Indian patients is 
not clear. Studies on Swedish patients with IDDM 
showed that those who were DR3 positive, had a 
mild disease with less ketonuria at diagnosis, were 
less often ketoacidotic and more often had partial 
remission, than patients who were DR4 or 
heterozygous for DR3/DR4 [57]. The predominant 
HLA observed in the autoantibody positive Indian 
NIDDM patients, is DR3 and genetic factors could 
be one of the reasons for the slow-onset 
autoimmune form of diabetes in Indian diabetics. 
  
IDDM : 
  
IDDM, one of the most common chronic diseases of 
the childhood, is caused by autoimmune destruction 
of pancreatic b cells [58-60]. This destruction occurs 
over a prolonged period of time and the disease is 
clinically manifest when almost 90% of the 
pancreatic islet b cells are destroyed. During this 
period the patients are clinically healthy, but are 
positive for autoantibodies and may have a defect in 
b cell function. Islet infiltration by macrophages and 
lymphocytes [61-63], as well as islet cell antibodies 
(ICA) [10,12], glutamic acid decarboxylase 
(GAD65) antibodies [64-67] and insulin 

autoantibodies (IAA) [12,41], have been 
documented at or before the clinical diagnosis and 
may predict IDDM. The incidence rate of IDDM is 
reported to be high in several countries, being 
highest in Finland, Sardinia and Sweden and lowest 
in Japan [68,69]. Studies on different populations 
suggest that the country of residence [70] and 
genetic susceptibility [69,71] may be critical in 
conferring the risk for IDDM. 
  
The prevalence of IDDM in India has been reported 
to be low [72,73]. In a large screening programme 
for diabetes in school children, no case of diabetes 
was detected [74]. IDDM prevalence was estimated 
to be 0.26/1000 in children aged less than 15 years, 
in an urban population from South India [75]. In a 
retrospective study, the incidence of IDDM from 
Madras was identified to be 10.5/100000/year, 
which was higher in boys, when compared to girl’s 
[76]. A nation wide multicentric study conducted in 
1975, showed an overall prevalence of 1.8% for 
NIDDM in population over 15 years and a higher 
rate was reported in urban versus rural population 
(21.1% and 1.5%) [77]. However, in a recent study, 
the incidence of NIDDM was reported to be 5% of 
the population (age over twenty years) in urban 
Indians [56]. With the reported high prevalence of 
slow-onset diabetes amongst NIDDM population in 
Eastern India [56], how many of these clinical 
NIDDM are true NIDDM or slow-onset IDDM is 
not clear. 
  
IDDM is positively associated with HLA-DR4 in 
Caucasians [79], the frequency of which is increased 
when compared to normal controls, while the 
frequency of DR2 is decreased [80,81]. Studies of 
MHC class II genes have shown that DQ8, when in 
linkage disequilibrium with DR4 are more strongly 
associated with IDDM than the DR genes [82] On 
the other hand, other mechanisms may be important, 
since DR3 is more strongly associated with IDDM 
than DQB1 *0201 [81]. IDDM is positively 
associated with HLA-DQ2, DQ8 in Caucasians. 
Taken together DQ8 (DQB1 *0302-DQA1 *0301), 
DQ2 (DQB1 *0501-DQA1 *0201) or both account 
for as many as 89% of Caucasian IDDM patients 
with clinical onset before 15 years of the age [83]. 
These two haplotypes showed the strongest 
association as confirmed in numerous studies, but it 
is important to notice that DQ8, DQ2 or both do not 
account for all (100%) patients developing the 
disease. Several DQ haplotypes are negatively 
associated with IDDM, of which the most negative 
is DQB1 *0602-DQA1* 0102(DQ6). A single copy 
of this haplotype or of DQB1* 0602 is adequate to 
confer significant negative association, interpreted 
to represent protection form IDDM [80, 84-86]. 
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DQ6 molecules (B1* 0603 and B1* 0601) share the 
same DQa chain (A1* 0103) and both are negatively 
associated. In the Indian population, DQ6 (B1* 
0602) is infrequent but, DQ6 (B1* 0601) is the most 
frequent allele [87]. 
  
NIDDM : 
  
Using clinical criteria for the diagnosis of diabetes, 
patients who did not present with ketoacidosis and 
ketonuria were grouped under the category of 
NIDDM. This resulted in the identification of 
NIDDM both in the older and younger age groups 
resulting in the identification of a group called 
"Early-onset NIDDM", as a possible additional 
clinical category in the Indian diabetes scenario. 
  
With the advent of assays to detect autoantibodies 
becoming simpler, more and more patients were 
identified as autoantibody positive in the NIDDM 
category. This led to the identification of a group 
called "Late-onset Autoimmune Diabetes in the 
Adults or LADA" [88, 89]. This group of LADA, 
first described by Paul Zimmet [89], subsequently 
turned out to be present in the younger individuals 
with diabetes in the NIDDM category. This category 
has also been described as latent Type 1 diabetes, 
late-onset Type 1 and ½ diabetes. The Japanese 
found a high frequency of these patients and 
referred to them as slow-onset IDDM. This category 
has come to be addressed more appropriately as 
slowly progressive IDDM. It is believed that the 
autoimmune beta cell destructive process proceeds 
slowly in this form of diabetes. [90]. 
  
Several studies have shown that either GAD65 
and/or ICA512 antibody positive patients have more 
rapid decline in C-peptide levels, do not respond 
adequately to oral drugs and require early insulin 
treatment. In a study from Japan, in non-obese and 
insulin-deficient patients with sulphonylurea 
failures, 11% were positive for GAD65 antibodies, 
suggesting that autoimmune mechanism may play a 
role in the secondary failure to Sulphonylurea 
therapy [91]. When ICA and GAD65 antibodies 
were compared in relation to beta cell function, the 
positive predictive value for insulin deficiency in 
GAD65 antibody positive and ICA positive patients 
was 39% and 78% respectively. The sensitivity of 
both antibodies for detecting insulin deficiency was 
50%. The specificity for detecting insulin deficiency 
was 85% for GAD65 antibodies and 97% for ICA. 
Positively for both GAD65 antibodies and ICA gave 
a specificity and positive productivity value for 
insulin deficiency of 99% and a sensitivity of 50% 
[92] GAD65 antibody index has also been shown to 
correlate well with glycosylated hemoglobin 

[HbA1} in IDDM patients. Patients with low 
GAD65 antibodies have better glycemic control and 
require less insulin. However the ICA512 index did 
not correlate with HbA1 [93]. Thus loss of beta cell 
function in majority (two thirds) of individuals with 
clinical NIDDM can be predicted by GAD65 
antibody and ICA. Early detection of immune 
markers of beta cell damage creates the potential for 
immunomodulation to limit such damage [94]. 
  
Clinical clues for suspecting Autoimmunity in 
NIDDM patients. 
  
Antibodies to GAD65 and ICA512 are relatively 
easy to perform costs less and several hundred 
samples could be tested in a single day by one 
individual. These assays provide an easy way to 
identify the slowly progressive IDDM patients (who 
fare better with insulin), from the classical NIDDM 
patients, who can be effectively controlled by oral 
agents. However, in situations where these assays 
cannot be performed, there are clues to suspect 
patients who belong to autoimmune category of 
clinical NIDDM. These are: 
  
The antibody positive NIDDM patients have 
significantly lower record of family history of 
diabetes when compared to antibody negative 
NIDDM patients, who have a strong family history 
of diabetes. 
  
Obese NIDDM patients are less likely to be 
autoantibody positive, when compared to normal 
weight and under weight patients. 
  
Patients with Sulphonylurea failures are more likely 
to be autoantibody positive. 
  
Implication in the treatment of Autoimmune vs. 
Non autoimmune variety of NIDDM 
  
Insulin treatment has been shown to be best for the 
autoimmune variety of diabetes both in animal 
models of autoimmune diabetes and in humans. The 
action of insulin in autoimmune situation has been 
to reduce hyperglycemia, thereby giving beta cell 
rest and for its immunologic effect. In the animal 
model of insulin, parenteral insulin had been shown 
to protect both NOD mouse model and BB rat 
model of the disease. In humans with IDDM, DCCT 
trial provides evidence that parenteral insulin may 
slow or inhibit IDDM disease process by a 
metabolic effect [95]. Patients treated by intensive 
therapy with insulin and by conventional insulin 
received similar doses and types of insulin. Those 
treated with intensive insulin resulted in less beta 
cell stimulation, meaning more beta cell rest, which 
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resulted in beta cell protection, compared to patients 
in the conventional therapy group [96]. A pilot 
study on the antibody positive NIDDM, done in 
Japanese patients, shows the preventive effect of 
small doses of insulin given subcutaneously 
compared to sulphonylurea treated patients. Four of 
the five patients in the antibody positive NIDDM 
group became antibody negative after follow-up for 
30 months and none out of five in the sulphonylurea 
group remained antibody positive at the end of 30 
months [97]. Currently, NIH sponsored Diabetes 
Prevention Trial-Type 1 (DPT-1) in USA, addresses 
the question of parenteral insulin to block or slow 
the Type 1 diabetes disease process in humans. The 
disease process in the antibody positive NIDDM 
patients is recognized as Type 1 disease process, 
and insulin may be preferred treatment in this group. 
  
Recognizing these findings the ADA has 
recommended in their recent classification [98], that 
autoantibody positive patients are to be grouped 
under the category of Type 1 diabetes and 
autoantibody negative diabetes patients to be 
grouped under the category of Type 2 diabetes, 
which is further subdivided into two categories, one 
with insulin deficiency and the other with insulin 
resistance. WHO in their preliminary report [99], of 
their revised classification, have more or less 
adopted the ADA classification? 
  
In the Indian diabetes scenario, combining IDDM 
and antibody positive NIDDM as Type 1diabetes, 
alters the picture of the incidence and prevalence of 
Type 1 diabetes and it can no longer be considered 
as rare or less frequent. 
  
Conclusions : 
  
1. HLA-DR3-DQ2 and DR4-DQ8 are the 

important susceptibility antigens for IDDM and 
the degree of DR3-DQ2 and DR4-DQ8 
association varied with different populations. 
The strongest association with IDDM in Indian 
population is with DR3-Dq2 than DR4-DQ8.  

 
2. GAD65 and ICA512 autoantibodies account for 

almost all ICA positive, new onsets, IDDM 
patients and accounts for 89% of new onset 
IDDM patients. GAD65 autoantibodies are 
predominant in European Caucasians with 
IDDM and ICA512 autoantibody is 
predominant in Indian patients.  

 
3. The increased prevalence of autoantibody 

markers in Indian NIDDM, suggest that 
autoimmune diabetes is not as low as shown by 
epidemiological studies using WHO’s 1985 

clinical classification of diabetes and this 
increased prevalence of slow onset IDDM could 
be due to genetic factors and require special 
attention in their identification and treatment.  
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