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Introducción: Una proporción de pacientes con diabetes de la edad adulta, que 

inicialmente no requieren insulina, presentan autoanticuerpos contra la 

decarboxilasa del ácido glutámico (GADA) en el suero y diferencias fenotípicas con 

la diabetes clásica tipo 2 (DM2). Se ha propuesto la designación de diabetes 

autoinmune latente del adulto (LADA) para esta categoría. 

Objetivos de la investigación: La diabetes autoinmune de la edad adulta es 

heterogénea. Este hecho ha sido demostrado en Europa y ciertos países no 

europeos. Los estudios epidemiológicos han encontrado variaciones en la 

prevalencia de LADA. En el sur de Asia, los datos sobre LADA son escasos. Se ha 

observado una discrepancia muy marcada en la frecuencia de LADA en la población 

de la India, entre 2.6% y 58%, que no puede atribuirse a diferencias étnicas o 

ambientales; más bien a metodologías conflictivas/distintas. El diagnóstico precoz 

de LADA es importante por sus implicaciones terapéuticas. Con el fin de caracterizar 

adecuadamente LADA y evaluar su prevalencia real se requiere un criterio de 

diagnóstico fiable con procedimientos validados.  

Métodos: Se realizó una investigación transversal en la región norte de la India en 

139 sujetos. Los criterios de reclutamiento incluyeron: a) diagnóstico de diabetes; b) 

edad al diagnóstico, 30-70 años; c) duración conocida de la enfermedad entre 6 

meses y 5 años. Se determinaron en muestras de suero/plasma, tras un ayuno de 

más de 10 horas, las concentraciones de glucosa, hemoglobina glicosilada, perfil 

lipídico, creatinina, péptido C y GADA. Los pacientes con positividad a GADA 

insulinizados desde el diagnóstico, o antes de un mes desde el diagnóstico, se 

definieron como DM1. Los individuos con resultado negativo en la determinación de 
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GADA fueron diagnosticados como DM2. El grupo de sujetos con diabetes y 

positividad a GADA que no requirieron insulina durante al menos 6 meses tras 

diagnóstico fueron definidos como LADA.  

Resultados y Conclusiones:  

1- LADA representó el 6.5% de los casos entre las personas adultas con diagnóstico 

de diabetes, frecuencia considerablemente superior a la informada en estudios 

previos para esta población. En sujetos diabéticos diagnosticados a los 31-40 años 

de edad, la frecuencia de LADA fue del 13,9%. El estudio sugirió una tendencia 

decreciente de LADA con el aumento de edad. 

2- LADA fue el subtipo prevalente de diabetes autoinmune de inicio en la edad 

adulta, dato que convendría contrastar con observaciones previas publicadas de 

una menor prevalencia de DM-1A entre niños y adolescentes en el norte de la India. 

En esta población investigada, la prevalencia de LADA fue considerablemente 

inferior a la informada en el sur de la India. 

3- El grupo de sujetos con diagnóstico de LADA es más joven y presenta niveles 

inferiores de circunferencia abdominal, péptido C sérico y triglicéridos en ayunas, 

que el grupo de sujetos con DM2 de la misma zona del norte de la India. 

4- Los pacientes con LADA con títulos más elevados de GADA en el momento del 

diagnóstico eran preferentemente varones, más delgados, y necesitaban tratamiento 

insulínico, presentando menor riesgo de hipertensión sistólica y síndrome 

metabólico. 

5- Los pacientes con LADA con títulos bajos de GADA eran preferentemente 

mujeres, y no mostraron diferencias fenotípicas con las pacientes con DM-2, en
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concordancia con datos publicados en la población asiática china, y en contradicción 

con los publicados para la población europea. 

6- En el presente estudio, los niveles séricos de péptido C en ayunas al diagnóstico 

fueron inferiores en los pacientes LADA que en los pacientes con DM2. Esta 

diferencia se mantuvo durante 36 meses, contrariamente a los datos del Estudio 

LADA en España. 
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1. DEFINITION OF DIABETES AND GENERAL BACKGROUND 

Diabetes Mellitus (DM) is a chronic disorder caused by relative or absolute insulin 

deficiency and characterized by chronic hyperglycaemia. It is also associated with 

insulin resistance in skeletal muscles, adipose tissues and liver. Diabetes can lead to 

microvascular complications like nephropathy, retinopathy, neuropathy and 

macrovascular complications like cerebrovascular disease (CVD) and coronary 

artery disease (CAD). Clinical manifestation of diabetes occurs when anti islet 

autoimmunity in Type 1 Diabetes (DM1) or non-autoimmune β-cell dysfunction in 

Type 2 Diabetes (DM2) decrease insulin secretory capacity below a threshold 

determined by insulin resistance.(1)  

An estimated 415 million people worldwide have diabetes and by 2040, this number 

is expected to rise to 642 million.(2) Data from India and China demonstrated the 

rise in prevalence of diabetes from 3% to 9.4 % and 1% to 7.8 % respectively from 

1970s to 21st century.(3)  In Asians, decline in traditional dietary practices, increase 

in dietary fat, sugar, high glycemic index foods and lack of physical activity have 

contributed to the rise in diabetes. India is situated in South East Asia (SEA), the 

most populous region in the world. Prevalence of Diabetes in SEA according to 

recent World health organization (WHO) global report is shown below (Table 1).  

About 85% to 95% of total diabetic population have type 2 diabetes which is 

characterized by insulin resistance with relatively reduced insulin secretion.(4–6) 

Asian Indians are at higher risk of diabetes at much lower body mass index (BMI) 

compared to Europeans.(7,8)  

Indian diabetic patients are more at risk of developing CAD characterized

as dyslipidemia and low levels of high density lipoproteins (HDL) cholesterol due to 

genetic predisposition at an early age as compared to European population.(9)          
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Table 1: Prevalence of Diabetes in South East Asian (SEA) region in 2016 (3) 

 

A significant proportion of diabetic patients with adult-onset, initially non-requiring 

insulin treatment, depict diabetes-associated autoantibodies in their sera. A new 

subclass of diabetes with the nomination of latent autoimmune diabetes of adult-

onset (LADA) has been proposed for this category of subjects.(10,11) Preliminary 

studies have demonstrated that patients with autoimmune diabetes, characterized by 

the presence of glutamic decarboxylase autoantibodies (GADA) display a different 

clinical phenotype from classical type 2 diabetes without GADAs.(12–14)  

Diagnosing LADA at an initial stage is important to facilitate improved glycemic 

control as well as the preservation of residual beta cell function. Ethnic variation and 

correct diagnosis of LADA may have relevant therapeutic implications.(15) Due to 

differences in dietary habits, environmental factors and phenotypic characteristics 

between European and Asian populations there may be heterogeneity in the 

prevalence and other characteristics of LADA in these two populations. LADA is 

discussed in greater detail below. 

 

Country 

 

                 Prevalence (%) 

Afghanistan                            8.4 

India                            7.8 

Sri Lanka                            7.9 

Bangladesh                            8.0 

Bhutan                            9.2 

Nepal                            9.1 

Maldives                             8.5 

Pakistan                            9.8 



ANTECEDENTS 

11 

2. CLASSIFICATION OF DIABETES MELLITUS – PAST AND PRESENT  

National diabetes data group (NDDG) in 1979 published the first categorization of 

DM.(16) Diabetes was recognized as a heterogeneous disease clinically and 

etiologically and classified as “insulin dependent diabetes mellitus” (IDDM) and “non-

insulin dependent diabetes mellitus” (NIDDM). Later, in 1997 American Diabetes 

Association (ADA) recommended to eliminate IDDM and NIDDM terms and 

suggested DM1 and DM2. Impaired Glucose Tolerance (IGT) and Gestational 

Diabetes Mellitus (GDM) were additional terms included in this classification. DM1 

was defined as a disease due to the destruction of pancreatic islet β-cells, prone to 

ketoacidosis and mostly occurring at young age but not restricted to any age of 

onset. Depending upon the aetiology, DM1 is subdivided into DM1-A (autoimmune) 

and DM-1B (idiopathic).(17–20). Various other specific types of diabetes due to 

genetic defects in β-cell, insulin action and other causes have been classified.(21) 

These specific subtypes will not  be  discussed further in  the text. 

 

3. MISSING POINTS IN PRESENT CLASSIFICATION OF DIABETES IN ADULTS 

Diabetes is more heterogeneous than assumed. In adult-onset autoimmune 

diabetes, usually the presence of residual β-cell function makes the clinical 

presentation similar to DM2. Additionally, many patients with DM2 remain 

undiagnosed for years and may clinically debut with severe hyperglycemia requiring 

immediate insulin therapy. The present ADA classification does not include many 

patients with hybrid form of diabetes having genetic predisposition to both DM1 and 

DM2 with pancreatic autoantibodies. This form of diabetes is commonly called LADA 

or type 1.5. LADA patients do not require insulin therapy at least within first six 
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months after diagnosis but progress to insulin early as compared to antibody 

negative patients.(22) Such uncertainties mandate a revised and improved 

classification of diabetes to include new emerging types of diabetes. 

 

4. DIAGNOSTIC CRITERIA OF DIABETES MELLITUS 

WHO criterion for diagnosis of diabetes requires fasting plasma glucose ≥ 7.0 mmol/l 

or 2 hours plasma glucose ≥ 11.1 mmol/l after a standardized oral glucose tolerance 

test (OGTT).(7) Haemoglobin A1C (HbA1c) > 6.5% by standardised assays can be 

used as a diagnostic test for diabetes.(26) 

 

5. TYPES OF DIABETES MELLITUS 

Type 1 Diabetes  

Though not in the same proportion as DM2, DM1 is also having an increasing trend 

with 3-5% increase per year. India is also witnessing a constant rise in the incidence 

of DM1 as evident in some European countries like Finland, Sweden and Germany. 

In the last 50 years in Finland the incidence of DM1 has increased from 10/100,000 

to around 60/100,000 children. In Asia, the frequency of DM1 is low.(23) Worldwide 

the lowest incidence has been reported from China (0.1/100,000 per year).(23) The 

epidemiological data on type 1 diabetes in India is sparse. Studies from southern 

Indian states have shown the prevalence of type 1 diabetes to be 3.2 cases / 

100,000 children in Chennai (24) A study from northern state of India reported the 

incidence of DM1 to be 10.2 cases / 100,000 per year.(25) Other studies from 

southern India have suggested the frequency of DM1 to be around 2-5% of 
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diabetes.(26,27) Although, DM1 could be idiopathic, classified as type 1B 

diabetes,(17) mostly, DM1 is caused by autoimmune destruction of insulin producing 

islet β-cells of pancreas, leading to absolute insulin deficiency known as classic Type 

1 Diabetes (DM1-A). The autoimmune process is mediated by T-cells, as shown 

below in the recognized model of development of DM1. (Fig. 1) Auto reactive T cells, 

both CD4 and CD8 cells play active role in beta cell destruction. Various 

autoantigens like GAD, the protein tyrosine phosphatase-like protein IA-2 and most 

recently zinc transporter SI 30A8 (ZnT8) have been identified in the insulin secretory 

granule of beta cells.(28) Autoimmune process is triggered by interaction between 

susceptibility genes and environmental predisposing factors. 

 

Figure 1: Model of the pathogenesis of DM1. Reproduced from [Type 1 diabetes: recent 

developments, Devendra et.al, Vol.328, Page.752, 2004(29)] with permission from  BMJ 
Publishing Group Ltd  
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6. MAJOR HISTOCOMPATIBILITY COMPLEX (MHC) / HLA REGION 

Terms like Human leukocyte antigen (HLA) and major histocompatibility complex 

(MHC) are synonymous. MHC region on chromosome 6p21.31 is major susceptibility 

locus for DM1. MHC consists of 3 sub regions namely class 1, class II and class III 

with over 200 genes.(30) The class I region lies telemetric and are antigens 

expressed on the surface of almost all nucleated cells from the organism. (54) Class 

II region that contains HLA-DP, DQ and DR loci is most centrometric. (Fig. 2) These 

loci are found as pairs encoding α and β chains. These chain encode the 

heterodimeric class-II protein molecules expressed at cell surface of antigen 

presenting cells (APC) like macrophages and dendritic cells. Antigenic molecules 

presented by the class I HLA molecules are recognised by cytotoxic T lymphocytes 

(CD8+) while helper T lymphocytes (CD4+) recognize antigens presented by the 

class II HLA molecules.(54) 

  

Figure 2: The HLA region on chromosome 6 showing DM1 associated  haplotypes 
DRB1*03-DQB1*02 and DRB1*04-DQB1*0302(31) Reproduced with permission from 
Gillespie M.K Type 1 Diabetes - Pathogenesis, Genetics and Immunotherapy; The Genetics 
of Type 1 Diabetes, Chapter 24; Publisher: InTech, 2011(32) 
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LADA is characterized by presence of GAD65 not insulin autoantibodies.(29,33,35) 

In an individual until 80-90% of beta cells are lost, the clinical onset of the disease 

does not occur in spite of presence of islet autoantibodies for years.(38) The 

aggressive autoimmune process destroys pancreatic beta cells. DM1 is known as T-

cell mediated disease as it is associated with T-lymphocyte autoimmunity.(39–41) 

Autoimmune process in DM1 may get triggered in some cases when virus infected 

beta cells leads to lysis of these cells. After lysis, local dendritic cells, the most 

effective APCs engulf virus and beta cell debris. APCs processing the cell debris get

 

 

7. AUTOIMMUNE PROCESS  

7.1. Antigen presentation 

Classical type-1A diabetes is caused by an autoimmune destruction of pancreatic 

beta cells that leads to progressive insulin loss.(29,33–35) DM1 is characterized by 

prodromal stage of islet autoimmunity. It is evident that children who develop islet 

auto antibodies against antigens Insulin, GAD-65, IA-2 or ZnT8 before 3-5 years of 

age have shorter prodrome prior to clinical onset of the disease as compared to 

older children or adults.(36) Multiple islet antibodies may be present for many years 

before clinical onset of DM1 (Table 2).(37) 

 

Autoantigen 
 

               Autoantibody 

Insulin                       IAA 

Glutamic acid decarboxylase, 65kD                   GAD65A 

Insulinoma antigen-2                      IA-2A 

ZnT8 transporter                     ZnT8A 

 

Table 2. Islet autoantigens in type 1 diabetes. 

 



ANTECEDENTS 

16 

activated and move to the draining lymph nodes of pancreas through lymphatics. 

The β-cell autoantigen presentation takes place in the lymph nodes rather than in 

pancreatic islets. APC present autoantigen to the T cell receptor (TCR) of CD4+      

T-helper cells. Activation of CD4+ T-helper cells with TCRs induce an immunological 

reaction with involvement of both CD8+ cytotoxic T cells and also antibody producing 

B cells. (65) (Fig. 3)  

 

 

 

Figure 3: Cartoon showing process of Antigen Presentation (64) 

Antigen presentation process consists of binding of single T cell receptor to a 

complex on the surface of APC consisting of MHC molecules and peptide fragment 

derived from the foreign antigen. 
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MHC region class II gene Human Leukocyte Antigen (HLA) complex, on short arm of 

chromosome 6p21.31,  has been recognised as a major contributor followed by  

insulin Variable Number of Tandem Repeat polymorphisms  (INS-VNTR) at 5’ 

flanking region of the insulin gene on chromosome 11p15.5 (IDDM-2).(42)  

About 18 regions of the genome has been linked to DM1. These regions have been 

labelled as IDDM1 – IDDM18. IDDM-1 that contains the HLA genes has been well 

studied. Association of other non HLA gene IDDM-2 and IDDM-3 that map close to 

cytotoxic T- Lymphocyte Associated Protein-4 (CTLA4), having regulatory role in 

immune response on chromosome 15q26 has been identified.(43)  

Protein tyrosine phosphatase non receptor type22 (PTPN 22) and the region 

surrounding interleukin 2 receptor alpha (IL2RA/CD25) and interferon induced 

helicase 1 genes also show an association with DM1. Environmental factors have 

been associated with DM1 and include dietary factors in early infancy, vaccination, 

climate changes, toxins and stress.(44) Approximately 90% patients with DM1 carry 

either HLA-DR3, DQB1*0201 (also referred as DR3-DQ2) or HLA-DR4, DQB1*0302 

(also referred as DR4-DQ8). Around 30% of these patients have both haplotypes 

(DR3/4 heterozygous) conferring highest susceptibility. HLA haplotypes conferring 

significant risk across various populations are shown below (Table 3)    

By the presence of islet cell antibody (ICA) in sera of subjects with DM1-A in 1974, it 

became evident that β-cell destruction and dysfunction in DM1 is autoimmune in 

nature leading to insulin deficiency and generation of circulating antibodies to islet 

cell cytoplasm (ICA), and or to Glutamic decarboxylase (GAD-65) and or IA-2A. 

Usually, subjects with DM1-A depict multiple antibodies in their sera.(95) 

8. GENETIC SUSCEPTIBITY OF DM1-A  
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             Table 3 HLA haplotypes conferring significant risk across various populations (60)

Populations HLA-Haplotypes 

   
  Swedish (45,46) 

      

      A1*03:01-B1*03:02; A1*05:01-B1*02:01 

  

French (47) 
 

DRB1*04:05-DQ A1*03-B1*02 

 

 

 

 

Spanish (48) 
 

DRB1*04:05-DQ A1*03-B1*02; DQA1*0101-DQB1*0501-TNFa2b1 

DQA1*0201-DQB1*0202- BAT-2*2 

 

 
  
  
  
  

 Japanese(49–51) 
 

DRB1*04:05-DQA1*03:01/02-DQB1*04:01; DRB1*08:02-    
DQA1*03:01DQB1*03:02  

     

 

 

 

       DRB1*04:05-DQA1*03:01-DQB1*03:02 

       DRB1*03:01DQA1*05:01-DQB1*02:01; DRB1*11:01-DQB1*03:01; 

 DRB1*11:01-DQB1*03:02; DRB1*13:02-DQB1*06:04 

  
 
Koreans (44,49) 

 

DRB1*03:01-DQB1*02:01; DRB1*04:01-DQB1*03:02; 

      DRB1*03:01DQB1*05:01; DRB1*04:01-DQB1*03:02; DRB1*04- 
 DQA1*03:01- DQB1*03:02; DRB1*04:05-DQB1*03:02; DRB1*04:07- 

 DQB1*03:02; DRB1*04:05-DQB1*04:01; DRB1*09:01 DQB1*03:03 

  
 
Chinese (52,53) 

 

DRB1*09:01-DQA1*03;01/02-B1*03:03; DQA1*03-DQB1*03:03; 

 DQA1*03-DQB1*04:01; DQA1*05-DQB1*02:01 

 
Indians (52,54–58) 

 

DRB1*03:01-DQA1*05:01 B1*02:01; DRB1*04:01/02/04/05- 

 DQA1*03:01/02-B1*02:01 

 

Africans (Sub-Saharan) 
(59) 

 

DRB1*03:01-DQA*05:01; DRB1*04-DQA*03; 

DRB1*04-DQB*03:02; DQA*05:01-DQB*02:01; DQA*03-DQB*03:02 
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DM2 is prevalent in about 90% of all patients with diabetes. It is characterized by 

combination of insulin resistance and relative insulin deficiency. Not always but it is 

usually associated with obesity. Genetic and environmental factors like dietary habits 

and less physical activity play essential roles in etiopathogenesis of DM2.(61) Like in 

other populations, in India variants of transcription factor 7 like 2 (TCF7L2) gene are 

strongly associated with increased risk of DM2.(62,63) 

 

10. GENETIC DIVERSITY RELATED TO TYPE 1 DIABETES AMONG ASIANS 

WITH SPECIAL EMPHASIS ON INDIAN POPULATION 

In Asians commonly protective DR4 allele is associated with the susceptible DQ 

alleles while the neutral / protective DQ allele is associated with susceptible DR4 

allele. Important factor responsible for low incidence of DM1 in Asians could be 

linked with counterbalancing influence between susceptible DRB1 and protective 

DQB1 and vice versa. In addition to DQB1*0302, DQB1*0401 on DR haplotype is 

positively associated with DM-1 in Asians.(50) 

North Indian population differ from western population in frequencies of their HLA 

antigen.(64)  North Indians are a subgroup of Indo-Europeans who invaded Europe, 

the Middle east, Iran and India around the second millennium B.C. North Indians 

belong to Indo Aryan race that is considered a subgroup of Caucasoid.(65) The 

variation in the frequency of HLA antigens in north Indians could be probably due to 

intermixing of genes of Indo-Aryans with original population of the region that was 

further invaded by various races like Mongols and Turks.(64,66) North Indians 

exhibit unique and strong association of  HLA-BW21 with IDDM.(67)

 

9. TYPE 2 DIABETES 
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Compared to western population HLA-DR3 showed a much greater and significant 

association with IDDM (RR 10.1) in North Indians.(68)  No association of IDDM with 

HLA-DR4 (the second DR locus antigen) that confers susceptibility to IDDM was 

found in North Indian population.(54,68,69)  

 

11. AUTOIMMUNE DIABETES IN ADULTHOOD 

1. Introduction 

Adult onset autoimmune diabetes consists of several subgroups. In the recent 

decades, it has been demonstrated that approximately 30% cases of classical    

DM1-A are diagnosed after 30 years of age (Late-Onset type 1 diabetes).(70,71)   It 

has been recognized that around 10 % of adult subjects initially classified as DM2 

depict autoantibodies to pancreatic autoantigens in their sera.(72,73) Eponym LADA 

(Latent Autoimmune Diabetes in Adults) was suggested to specify this new category 

of diabetic population.(10,11) These patients initially could be misdiagnosed as 

having DM2.(116) This subset of phenotypic DM2 subjects positive for islet 

autoantibodies tend to have sulfonylurea failure and need insulin treatment earlier in 

the disease process.(117) The distinction between both conditions is challenging.  

We have already reviewed etiopathogenesis and immunogenetic aspects of DM1-A. 

Here, we will review clinical, immunological and genetic complexities related to 

LADA. Recently, with the evidence of antibody-negative phenotypic DM2 patients’ 

subgroup showing T-cell response, following classification of Adult-onset Diabetes 

has been suggested. (Table 4) 
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Table 4: Suggested classification of Adult onset Diabetes (74) 

 

Mostly, DM1-A has been considered to be a childhood disease. However,   

increasingly autoimmune diabetes is being observed in adults. Parameters used in 

clinical practice to distinguish DM1 from DM2 are phenotypic characteristics like age, 

obesity and presence of other autoimmune disorders. However, this clinical 

distinction is not straight forward and not always correct.(75)  Autoimmune diabetes 

in children and adults are differentiated by only relatively few age dependent genetic 

defects. Howson et al observed that the genetic load was inversely related to age at 

diagnosis. There was no convincing evidence of age at diagnosis effect except 

HLA.(76)  

In adulthood, the distinction between classic DM1-A and LADA is a challenging 

issue. It is imperative to correctly classify these patients as misclassification may 

have therapeutic implications. Genetic immunological and functional complexities 

make it difficult to distinguish classic DM1-A, LADA and DM2 clinically.(77–79)

    
                                                 Adult onset autoimmune diabetes 

     
    DM2 

 
Diabetes Subtypes 

 
DM1 

 
LADA 

Autoimmune 
antibody 
Negative 

   
 

 
Autoantibodies 

 
Present 

 
Present 

 
Absent 

   
Absent  

 
Islet reactive T-cells 

 
Present 

 
Present 

 
Present 

   
Absent  

 
Insulin requirement at 
diagnosis 

 
Present 

 
Absent 

 
Absent 

   
Variable 
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However, characteristically, patients with LADA progress slowly towards insulin 

requirement (within 5- 6 years) and older patients with LADA show even a slower 

progression.(11,80) Hawa et al defined classic DM1-A as subjects with diabetes and 

associated autoantibodies in whom insulin was started immediately at diagnosis or 

within 1 month of diagnosis.(81)  

 

2. Epidemiology 

Around 3-14 % of patients clinically diagnosed as DM2 depict islet autoantibodies in 

their sera. High frequency of 7-14 % GADA-positive DM2 has been reported in 

northern Europe.(80,82–84) Lower frequency of 4-6 % GADA positivity has been 

observed in studies from southern Europe, Northern America and Asia.(85–89) This 

varied frequency of GADA could be attributed to biases like selection criteria, age at 

onset of diabetes, disease duration and assays used.(74) As compared to DM1-A, 

LADA was far more frequent (OR 3.3) in a multi centred European Action LADA 

study.(81) In Europe, the prevalence of adult-onset autoimmune diabetes including 

LADA is more than childhood DM1. Similar observations have been documented in 

China where interestingly, childhood onset DM1 is rare.(87) Prevalence of LADA 

among different populations is shown below (Table 5) 

In India, data assessing the prevalence of LADA are sparse. Some studies revealed 

controversial results and reported considerably high prevalence of LADA.(90–93) 

These studies included specific subgroup of subjects who were young, non-obese 

and had early onset of diabetes with higher probability of LADA.  Such results may 

not represent the true prevalence of LADA in Indian population. Additionally, these 

studies do not specify the sensitivity and specificity as validated
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Table 5: Prevalence of LADA among different populations 

Author/ Study 

Name 

n DM 

Duration 

Prevalence of each antibody alone and in 

combination (%) 

Diagnostic criteria of     
LADA 

Prevalence 

LADA (%) 

   ICA GAD IA-2 GAD + 

ICA/IA2/ZnT8 

Age at 

diagnosis 

(Years) 

Insulin  

independence 

(months) 

 

Zhou et al 

(87) 

LADA China 

 

4880 

 

 

< 1 y 

 

 

 5.9 

 

 

      > 30 

 

 

> 6 

 

 

5.9 

 

 

Turner et 

al.(80) 

UKPDS 

 

 

      3672 

 

 

< 1 y 5.8 9.8  GAD+ICA=4 

 

25-65 ≥ 3 12 

Tuomi  et al 

(83) Finland 

 

Finland 

BOTNIA 

 

1122 Any 0.5 9.3 0.4 GAD+IA=1.4 

GAD+ICA=1.3 

  >35 ≥ 6 10.1 

Castleden et 

al (94) UK 

 

 

2059 

 

     > 25 

 

> 12 

 

7 

 

Fourlanos et 

al (95) 

Australia 

 

 

130 < 2 m  7.7   30-70  7.7 

Zinman et al 

(96)  

USA, Europe, 

Canada, 

4134 < 3 y  4.2   30–75  4.2 

Buzzetti et al 

(85) Italy 

 

 

      420 6 m - 5 y  4.4 0.9 GAD+IA2= 0.8 > 20  4.5 

Radtke et al 

(82) Norway 

 

 

 

 

1261   10    <12; >12 if c- 

peptide>150 mmol/l 

10 

Maioli  et al 

(86) Sardinia 

 

 

5568 < 5 y  4.9  GAD+IA2=0.9 35-70    8 

 
 
 
 
  

4.9 

Hawa et al 
(81)            
Europe   
ACTION LADA 

  6,156 < 5Y  8.8 0.5 GAD+IA2=0.7 

GAD+Znt8=0.5 

30-70    6 9.7 

Kotulanda et 
al.(97) 
Srilanka 

992   5.4   > 30 > 6 2.6 

Takeda et al 
(88)Japan  

4098 Any  3.8   > 20  3.8 

Park et al (98)  
Korea 

884 < 5Y  4.4  GAD+IA2=0.3 

GAD+Znt8=0.3 

35  4.4 

Maddaloni et 
al (99) UAE 

17,072 Any  1.7 0.8 GAD+IA2=0.1  30-70   > 6 2.6 
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by Diabetes Antibody Standardization Program (DASP) of the methods used to 

measure GAD/IA-2 antibodies. Sensitivity and specificity of the methods used may 

not be ideal.  It is assumed that by applying the diagnostic criteria suggested by 

Immunology of Diabetes Society (IDS) and European Action LADA group, the 

prevalence of LADA will be much lower Britten et al reported 2.6% of the south Asian 

population of North Indian Punjabi ancestry in Birmingham, UK with DM2 to be 

positive for pancreatic autoantibodies.(100) Another study from south India reported 

17% GADA positivity in DM2 individuals.(101) Considerably low prevalence of GADA 

and/or IA-2 (3.2%) was reported in a considerably large study.(102) Interestingly, two 

studies that reported the use of DASP validated method with high specificity to 

measure GAD/IA-2 showed a much lower prevalence of LADA.(100,102) Prevalence 

of LADA among Indian population is shown below (Table 6) 

 

Table 6: Prevalence of LADA in Indian population 

 
Author  

     
 n 

 LADA    
  (%) 

Age at 
Diagnosis 
(Years) 

Duration 
of DM 
(Years) 

Other specific 
inclusion 
criteria  

Sachan et al (102) 618 3.2 30-70 Any  

Kanungo et al (90) 
 

214 42 >20  Any  

Britten et al (100) 
 

500 2.6 Any Any  

Shrivastava et al (91) 300 44.67 >20 Not 
specified 

Age 25-40 yrs., 
BMI < 25 kg/m2 

SU failure 

Chandni  et al (92) 
 

31 58 >30 <3 BMI<23 kg/m2 

Brahamkshatriya et 
al(103)  

80 5  
 

  

Anil Kumar et al (101) 
 

100 17 25- 65    

Unikrishnan et al (93) 83 25.3 30-70 < 2 BM1< 18.5 
kg/m2 

Mohan et al (104) 
 

118 5.9   Any  
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Initially, non-insulin requiring subgroup of patients with adult-onset diabetes and 

associated auto antibodies like GAD, IA-2, insulin, or ZnT8 are defined as having 

LADA. These subgroups of patients are at high risk of progression to insulin 

dependency. Clinically such patients are initially diagnosed with DM2.(22,105)      

The European Action LADA group and the IDS have proposed the following specific 

criteria for diagnosis of LADA:  

 

1- At diagnosis patient should be at least 30 -70 years of age 

 

2-  Presence of at least one of the four islet cell autoantibodies i.e. ICA, 

autoantibodies to GAD65, IA-2 and insulin) in serum 

3- At least, 6 months of non-insulin requiring diabetes (72,106) 

 

Presence of circulating islet autoantibodies distinguishes LADA from DM2 and 

insulin independence at diagnosis distinguishes LADA from classic DM1-A.(106) 

However, the criteria of treatment with insulin within the first 6 months meant to 

distinguish LADA and classic DM1-A diagnosed after 30 years of age is 

subjective.(106) Initiation of insulin treatment is dependent on the judgment of the 

treating physician and should not be used to define patients with LADA.(107)   

It has been argued that to define LADA, criteria of age > 30 years is arbitrary as 

there is group of obese children who are non-ketosis prone, initially non-insulin 

requiring but depict beta cell autoantibodies in their sera.(108,109)  Increasingly, 

significant overlap between DM1 and DM2 has been noticed. Such observation has 

challenged the present classification broadly dividing adult diabetes into two major 

3. DEFINITION AND DIAGNOSIS OF LADA 
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types i.e. DM1 and DM2. Various eponyms have been suggested for autoimmune 

diabetes in adults (Table 7) 

 

Table 7: Various eponyms suggested for autoimmune diabetes in adults.(121) “Copyright 

©2005 American Diabetes Association from Diabetes, Vol. 54, 2005; S68-S72 Reprinted 
with permission from The American Diabetes Association 

 

 

4.CLINICAL AND METABOLIC CHARACTERISTICS OF LADA 

 

4.1 General features 

Generally, LADA patients are older than 30 years of age, non-obese and non-insulin 

requiring at diagnosis. However, presence of obesity does not exclude LADA. These 

patients are initially non-insulin requiring but compared to DM2 subjects progress 

rapidly towards insulin dependency within a short period ranging from few months to 

years. As compared to patient with DM2, LADA patients have lower BMI, Waist/ Hip ratio, 

 

Eponym 

  

References 

Latent type 1 diabetes (110) 

Latent autoimmune diabetes in (LADA) (10) 

Slowly progressive IDDM (SPIDDM) (111) 

Slow-onset IDDM (112) 

Slowly progressive type 1 diabetes (113) 

Type 1 ½ diabetes (114) 

Latent autoimmune diabetes in youth (LADY) (115) 

Autoimmune diabetes not requiring insulin at diagnosis (116) 

LADA-type1 and type 2 (117) 

Slowly progressive adult onset type 1 diabetes (118) 

Antibody-positive phenotypic type 2 diabetes with obesity (119) 

Latent autoimmune diabetes in children (LADC) (120) 
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lower total cholesterol, higher HDL and lower prevalence of hypertension.(122,123) In a 

Spanish study, LADA patients had intermediate phenotype between DM1 and DM2. (124) 

 

4.2 β-Cell function in LADA 

Studies assessing insulin secretion have reported an intermediate β-cell function in 

LADA i.e. between DM1 and DM2.(125,126) As in classic DM1, C-peptide response 

to glucagon injection in ICA positive DM2 patients was impaired at diagnosis and 

lower than in ICA negative DM2 patients. (P<0.01). Early impairment in β-Cell 

function is observed in LADA patients although not as severe as in classic DM1 

patients. β-Cell function in adult onset diabetic patients with more than one antibody 

deteriorated faster within 5 years. However, in those with only GADAs, severe 

deterioration in β- Cell function occurred later in the disease process.   (Figure 4)  

Considering these findings Fourlanos et al suggested that LADA is not a latent form 

of autoimmune diabetes and term autoimmune diabetes in adults is more 

appropriate to define this group of patients.(106)  In contrast to antibody negative 

patients with DM2, a faster decline in C-peptide levels is observed in LADA 

patients.(118,126,127)  

In a Spanish LADA study, it was observed that fasting C-peptide concentration in 

LADA patients was higher than in DM1 subjects but was lower than in DM2 patients 

(p < 0.01). However, this difference in C-peptide was seen only during first 36 

months of the disease. Thereafter, overlapping of C-peptide concentrations in LADA 

patients with that of DM1 and DM2 subjects was noticed. In comparison to patients 

with DM2, a faster progression to insulin treatment from the diagnosis of diabetes 

was observed in LADA patients. Hazard ratio for insulin treatment in LADA 

compared with DM2 was quite elevated (mean value of 8.34; p<0.001).(124) 



ANTECEDENTS 

28 

Analysis of Stimulated C-peptide secretion using the mixed-meal tolerance test 

revealed that patients with LADA have a lower stimulated C-peptide response than  

the DM2 group and a higher response than the DM1 group.(128) An inverse relation 

between GADA titers and C-peptide has been reported in LADA patients with rapid 

progression to insulin therapy.(82,83,124).  

 

 

 

Figure 4: Showing association of β-cell function with duration of diabetes and antibody 

status.(121) Copyright ©2005 American Diabetes Association from Diabetes, Vol. 54, 2005; 
S68-S72 Reprinted with permission from The American Diabetes Association” 

 

 

4.3 Insulin resistance and metabolic syndrome in LADA 

 

It is known that insulin resistance (IR) does not have any significant role in the 

disease process of autoimmune DM1. However, there are controversies related to 

the contribution of IR in the pathophysiology of LADA. It has been hypothesized that 
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insulin resistance may play a unique role in LADA. In contrast to DM1 and DM2, in 

LADA, anti-islet autoimmunity, non-autoimmune β-cell dysfunction and increased IR 

are three mechanisms that are supposed to contribute in the disease process.(129) 

In an ongoing autoimmune destructive process of islet β-cells, diabetes occurs when 

insulin secretion is not able to meet the high demands rendered by IR that varies 

from low in DM1 to high in DM2.(129) Among Chinese population, Li et al showed a 

close association between LADA and MS.(130) 

In Action LADA 3 study, significantly, higher prevalence of metabolic syndrome has 

been reported in patients with DM2 than in patients with LADA or adult DM1. 

Significant difference was noted in the frequency of MS in DM1 (31.9%) and LADA 

(41.9%) (P=0.015). Frequency in both groups was less than in DM2 patients (88.8%) 

(P<0.0001 for each). The same study concluded that metabolic syndrome does not 

characterize autoimmune diabetes.(131)   In a study from Spain the prevalence of 

MS was higher among LADA patients than in patients with DM1, but lower than in 

patients with DM2.(124) Similarly, LADA China study exhibited the presence of MS 

in LADA, although the prevalence was less than in DM2 (62% vs 75.5%).(87) As a 

result of IR in LADA the risk of MS and cardiovascular complications may 

necessitate it to be considered as a therapeutic target.(129)  

 

5. IMMUNOLOGY OF LADA 

5.1 Humoral autoimmunity 

Diabetes Related Autoantibodies (DRAs) are present in most subjects with 

autoimmune diabetes. There are four most described islet autoantibodies namely 

islet cell autoantibodies [ICAs]), to native insulin (IAAs), to GAD (GADA) and to 
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tyrosine phosphatases (insulinoma-associated antigens IA-2A and IA-2 β).(132–136) 

It was envisaged that these auto antibodies played a direct role in the destruction of 

islet β cells however, it is still not clear if these antibodies are only markers of an 

autoimmune process or have direct contribution in β-cell damage.(137) 

Islet cell antibodies (ICA): Discovery of ICA in 1974 confirmed an autoimmune link 

in the etiopathogenesis of DM1.(138) Based on various studies, it has been shown 

that 80-90% of new onset DM1 depict ICA in their sera.(139,140) As the 

measurement of ICA is semi quantitative and time consuming, presently it is not 

routinely measured and used only if confirmation is required. 

GADA: There are two isoforms of GAD i.e. GAD65 (65kDa; 585 amino acids) and 

GAD67 (67kDa; 593 amino acids). One of the major islet autoantigen in DM1 is GAD 

isoform 65 (GAD65). This is a biosynthesizing enzyme of an inhibitory 

neurotransmitter γ-amino butyric acid (GABA), that catalyzes the conversion of 

GABA from glutamate. In diverse cell types like neurons, epithelial cells of the 

Fallopian tube, and spermatozoa, this enzyme is expressed in β-cells of human 

islets. GADA are also found in other conditions like Stiff-man Syndrome due to 

autoimmune damage of GABAnergic neurons of brain(141), Autoimmune 

Polyendrocrine Syndrome(142) and Batten disease.(143) Therefore, the presence of 

GADA is not exclusive to DM1. However, unlike Stiff man syndrome in which GADA 

may be present against both isoforms, in DM1, GADA are targeted towards 65kDa 

isoform.(144–146)  New–onset DM1 patients depict 60-70% GADA, 40% IA-2A and 

20% IA-2β autoantibodies in their sera.(147,148) GADA/ IA-2A combination in adults 

and GADA/IAA in children are common.(149) GADA can persist in sera up to 12 

years after diagnosis.(74)  Non-isotopic immunoassays can be used for the 
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measurement of GAD65 and IA-2A autoantibodies to estimate the risk for predication 

and diagnosis of autoimmune diabetes.(150)  

IA-2: IA2 antibody has two isoform IA-2A and IA-2β. IA-2A is a 979 amino acid 

protein weighing 106 kDa also known as its partial sequence ICA 512. It corresponds 

to 40k fragments immunoprecipitate and is considered as an atypical member of the 

transmembrane protein tyrosine phosphatases family due to lack of enzyme 

activity.(133,151) IA-2β is a precursor of 37K antigen. Compared to IA-2β, antibodies 

to IA-2A are more prevalent (55-75% patient with DM1 at diagnosis). In comparison 

with adult onset autoimmune diabetes, IA-2A is more frequently seen in childhood 

DM1.(152–156)  

IAAs: IAAs are β-cell specific targets of autoimmunity in DM1. Presence of IAAs 

before initiation of insulin was reported in 1982.(157) IAAs are prevalent in 20-50% 

of newly diagnosed subjects with DM1. Similar to IA-2, IAA also shows strong 

negative association with age.  Positivity of IAA in patients with DM1 above 12 years 

of age is 40%, much lower as compared to 90% in children before the age of 5 

years.(47) 

ZnT8 Ab: ZnT8 is a new antigenic target in DM1. It was discovered in 2007 by 

screening for highly expressed, islet beta-cell specific molecules. (158)  ZnT8 is 

associated with membrane of secretory granules of islet β-cells and belongs to a 

large family of zinc transporters. ZnT8A are found in about 70% of patients with 

DM1. This is mostly detected in newly diagnosed childhood DM1 and has a tendency 

of decline rapidly after the onset of disease.(159) 

GADA has high diagnostic sensitivity in older onset DM1.(160,161) IA-2A, and IAA, 

do not provide much information in adults (162,163). GAD 65 autoantibodies are the 
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most common autoantibody.(74) DM1 patients are usually positive for multiple 

autoantibodies.(72,74) Evidence shows that during the disease process new 

antibodies may develop and existing autoantibodies may get lost.(164) Exact 

mechanism of changing autoantibodies is not known completely; however; it has 

been suggested that potential time-varying anti-idiotypic antibodies may interfere in 

DAA assays.(164)   

 

5.2 Cellular immune reaction 

 It would be imperative to add that autoimmunity in DM2 is not restricted to the 

presence of autoantibodies. Autoreactive T cells (Tregs) have been detected in                                

autoantibody negative DM2 patients. T-cells represent a strong link between 

inflammatory and autoimmune alterations. It has been demonstrated that islet-

reactive T-cells can be present in phenotypic DM2 patients and their presence is 

associated with more severe β-cell lesion and lower residual insulin secretion. 

(165,166) The eponym T- LADA has been used to describe this subgroup. (72)  By 

establishing an assay to measure T-cell reactivity, Brook-Worrell el al discovered T-

cells responsive to several islet antigens not only in LADA but also in phenotypic 

DM2 patients without antibodies establishing another important link between 

autoimmunity and DM2. (165) 

T-cell responses in Ab (+) T (+) and Ab (-) T (+) type 2 diabetic patients was 

similar. T-cell responses to islet proteins demonstrated to fluctuate less than 

autoantibody responses. Interestingly, with respect to cellular reactivity to islet 

proteins i.e recognition of islet proteins by T-cells, a difference has been noted 

between antibodies positive adult phenotypic type 2 diabetic patients and classic 

DM1 patients. This finding hints towards a different pathogenic mechanism involved 
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in both categories of diabetes mellitus.(167) Recently, it was found that histone H3 

acetylation in CD4+ T lymphocytes of LADA patients were reduced significantly. 

Histone H3 acetylation may play a role in the pathogenesis of autoimmune 

diseases.(168) 

 

5.3 Association of LADA with other autoimmune disorders 

Action LADA 11 study demonstrated that compared to DM2 patients, LADA patients 

may also display non diabetes associated antibodies that include transglutaminase, 

thyroid peroxide autoantibodies (TPO-Abs) and parietal cell antibodies.(169) TPO-

Abs are most frequent antibodies in patients with adult-onset autoimmune diabetes 

(32.5%) than in those with DM2 (13.58%). However, no significant difference in their 

frequency was observed between LADA (30%) and DM1-A (36.67%).(169) 

Compared to low GADA titer LADA and DM2 patients, higher frequency of these 

organ-specific antibodies was observed in high GADA titer LADA patients. This 

observation suggests increased severity of autoimmune process in high titer GADA 

patients.(170)   

 

5.4 Diabetes-Related Autoantibodies in Gestational Diabetes Mellitus 

ICAs: In comparison to control group, higher prevalence of ICA between (0.98 to 

14.7%) has been reported in Caucasians GDM subjects(171–175), higher than in the 

control group.(173,175,176)   

IAAs:  Low prevalence of IAAs (0 –5.9%) is reported in women with GDM.(175,177) 

Only one study has reported a higher prevalence than in the control population.(178)  

Among subjects with GDM treated with exogenous human insulin, 44% develop IAs, 

which can persist up to 24 months after delivery.(179)  
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GADAs and IA-2As: The prevalence of IA-2As in GDM ranges from 0 to 

6.2%(178,180,181) IA-2As are not frequent in this age range (112)  and are 

associated with rapid progression to severe insulinopenia.(182)  Various studies 

have reported the prevalence of GADAs among women with GDM in the range 

between 0-10.8 %.(175,180) Combined presence of various autoantibodies (AAs) is 

infrequently seen in both LADA and GDM (175,181) justifying the concept of slow 

progressive autoimmune diabetes.(183)   

 

6. GENETICS OF LADA 

6.1 Association of HLA genes in LADA 

Desai et al analysed the association of HLA-DRB1 AND HLA-DQB1 genotype with 

LADA in a European population and showed the difference in the distribution of HLA-

DRB1 and HLA-DQB1 genotype between LADA and control subjects. HLA- DRB1 in 

the DRB1*0301/DRB1*0401 heterozygotes showed the highest point estimate for 

genetic risk. Increased susceptibility to LADA was conferred by genotypes shown 

below (Table 8) 

 

 

 

 

 

 

 

 

 

 

 

Table 8: Genotypes conferring susceptibility to LADA(184) 

Genotypes conferring 
susceptibility to LADA 

DRB1*0301/DRB1*0401; 

DRB1*0301/DRB1*0301; 

DRB1*0301/DRB1*0701; 

DQB1*0201/DQB1*0302; 

DQB1*0201/DQB1*0201; 

DQB1*0201/DQB1*0202; 

DQB1*0201/DQB1*0501 

DQB1*0302/DQB1*0302 
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Protective effects of LADA were conferred by the following genotypes: 

DRB1*0701/DRB1*0501-06 and DQB1*0301/DQB1*0602 (263) As for the European 

population, in LADA China study, analysis of HLA-DQ gene showed significantly 

higher frequency of diabetes-susceptibility haplotypes in patients with LADA (63 %) 

compared to subjects with DM2 (47.1%) and controls (43.2%). Frequency of 

diabetes-protective haplotypes was significantly lower in LADA (22.8%) than DM2 

(33.3%) and control (32.7%) subjects. Diabetes susceptibility and protective 

haplotypes are shown below (Table 9) 

 

 

 

 

 

 

 

Table 9: Diabetes susceptibility and protective haplotypes in LADA China study(87) 

 

 

6.2 Association with non-HLA loci 

As reported for juvenile DM1, INS (11p15.5), followed by PTPN22 (1p13.2) showed 

strongest association outside MHC region with adult-onset autoimmune 

diabetes.(76) Based on these observations it has been suggested that LADA 

represents a subtype of classic DM-1.(185,186) However, evidence has shown that 

LADA differs from this subgroup of DM1-A.  Patients with LADA have less severe 

symptom and progression towards insulin dependence is slow (72) Studies have 

shown the association of strong DM2 susceptibility gene TCF7L2

Total susceptibility haplotypes           Total protective       
           haplotypes 

 
DQA1*03-DQB1*0302, 

          
           DQA1*0102-DQB1*0601 
 

DQA1*03-DQB1*0303,            DQA1*0102-DQB1*0602 
 

DQA1*03-DQB1*0401            DQA1*0601-DQB1*0301 
 

DQA1*05- DQB1*0201 
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 (10q25.3) variant rs 7903146 C to T polymorphism with LADA.(187,188) TCF7L2 

gene has not been found to be associated with DM1.(72,189) TCF7L2 gene variant 

confers similar effect size in LADA and type 2 diabetes. Due to the overlapping of 

path mechanisms, LADA is not clearly distinguishable from DM1 and DM2.  LADA 

lies in the middle of the continuous spectrum of the diabetes disease process 

starting from classic childhood DM1-A and age-related deterioration of glucose 

tolerance at other end. (Figure 5.) (190) 

  

Figure 5: LADA lies in the middle of the continuous spectrum of the diabetes disease.(190) 

(Reproduced with permission from the American Association for Clinical Chemistry) 

 

7. MONOCYTE GENE EXPRESSION PROFILES IN AUTOIMMUNE DIABETES 

Padmos et al. investigated the patterns of inflammatory gene expressions in 

monocytes of patients with DM1-A (juvenile onset), LADA, DM1 (adult-onset), and as 

controls, DM2 patients and healthy controls.  These genes are involved in the 

process of inflammation, motility, adhesion, chemokines, cell survival/ apoptosis, 

mitogen activated protein kinase (MAPK) pathway and metabolism. Two clusters of 

genes were identified. Cluster 1 included 12 proinflammatory cytokines with putative 

gene phosphodiesterase 4B (PDE4B) and cluster 2 comprised 10 genes with 

putative fatty acid-binding protein 5 (FABP5). PDE4B plays crucial role in the
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uptake, transport and metabolism.(191)  Cluster 1 was found in LADA (60%), adult 

onset DM1-A (28%), juvenile onset DM1-A (10%) and DM2 (10%) whereas cluster 2 

was found in 43% of juvenile onset DM1-A and 33% of LADA patients, and 10% 

each in adult onset DM1-A and control subjects. The distinct monocyte gene 

expression profile supports the idea of heterogeneity in the pathogenesis of 

autoimmune diabetes.(191)   

 

8. IMMUNOGENETIC SIMILARITIES BETWEEN LADA, DM1-A AND DM2 

Results of genetic studies in subjects with LADA are consistent with a markedly 

increased high risk HLA genotype DQB1*0201/DQB1*0302, reduced DQB1*0602, 

DM2 associated TCF7L2 polymorphism with modest increase in GAD positive 

patients.(192) LADA shares genetic features with both DM1-A (HLA, INS, VNTR and 

PTPN22) and DM2 (TCF7L2) which suggests that LADA is a mixture of DM1 and 

DM2.(185,193)  A non HLA MHC class 1 related A (MICA) gene is also associated 

with LADA. MICA gene encodes stress inducible proteins on cell surface. 

Sequencing of MICA gene has shown that A trinucleotide repeat (GCT) microsatellite 

polymorphism MICA 5.1 allele of this gene (with five repetitions of GCT along with an 

additional nucleotide insertion (GGCT) is significantly increased in LADA and adult 

onset DM1 (onset > 25 years).(194)  

In relation to epitope specificity, GADA in DM1 and LADA are directed towards C-

terminal and middle epitopes.(167,195) Both antibody positive DM2 and DM1 

patients show similar PBMC reactivity to numerous islet proteins.(167) It has been 

suggested that Natural Killer (NK) cells play an immunoregulatory role in the 

prevention of autoimmune disease by down regulation of T-cell responses and by 

cross talking with dendritic cells.(196) In both DM1 and LADA, the NK cell deficiency 
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might contribute to the breakdown of self-tolerance that leads to β-cell 

destruction.(197,198)  

 

9. IMMUNOGENETIC DIFFERENCES BETWEEN LADA, DM1 AND DM2  

DM1 associated high risk genes HLA DR3-DR4 and their alleles DQB1*0302 and 

DQB1* 0201 have been linked as susceptible genes to LADA. Compared to young 

onset DM1, adult onset patients with DM1 show lower frequency of these genes. 

TNF2- allele associated with high amount of TNF alpha production is significantly 

lower in LADA. DR2 and DQB1*0602 HLA alleles are relatively more common in 

LADA. These alleles are strongly protective against childhood DM1 but offer less 

protection in LADA.(199) As compared to DM2, the HLA DQ B1, PTPN22 risk 

genotype had increased frequency in LADA. However, their presence was much less 

common than in DM1 diagnosed after 35 years of age. Patients with LADA have 

decreased frequency of HLA-DQB1 protective genotypes as compared to patients 

with DM2. Cytotoxic T lymphocyte antigen – 4 (CTLA 4) and INS genes were 

associated only with DM1.(200)  

Appearance of varied antibodies in different clinical subtypes of autoimmune 

diabetes reflect slow or rapid progression of autoimmune process.(113) A Japanese 

study showed the presence of a unique epitope at N-terminal of GAD-65 in slowly 

progressive type (Japanese equivalent of LADA) different from classic DM1.(195) 

PBMC response to islet protein in antibody negative DM2 is very limited as 

compared to antibody positive DM2 and DM1-A(190)  In comparison to adult onset 

DM1, more frequently, patients with LADA have single islet cell-specific autoantibody 

positivity. Patients with LADA present more anti GAD autoantibody and less often 

ICA whereas, clustering of more than one antibodies characterize adult 
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DM1.(72,127) Different antibody isotypes in IgG subclass in adults with LADA have 

been observed. Compared to DM1 patients, IgG4 was commonly found in LADA 

whereas IgG1 was most common subtype in both conditions.(35,201) The slower 

disease progression in LADA has been attributed to restricted antigen spreading 

than in DM1.  

 

 

10. AUTOIMMUNE DIABETES SPECTRUM 

Categorization of the type of diabetes cannot be solely based on the presence of    

diabetes associated autoantibodies. Patients progressing towards insulin deficiency 

are also characterized by younger age at diagnosis, low BMI, lower endogenous 

insulin secretion and high HbA1c at diagnosis as shown in below (figure 8).(202)  

 

 

Figure 8: The spectrum of diabetes includes variable risk according to type of diabetes for 

immunity, age at presentation, HLA genetic susceptibility, BMI and insulin therapy. 

Reproduced from Leslie et al. Diabetes classification: grey zones, sound and smoke: Action 

LADA 1. Diabetes Metab Res Rev. 2008;24(7):511-519.(202) 
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11. TREATMENT STRATEGIES WITH FOCUS ON PREVENTION AND 

REGENERATION OF β-CELLS IN LADA 

Considering the autoimmune nature of LADA with impairment of β-cell function at 

diagnosis currently insulin therapy is the treatment of choice. Glibenclamide should 

be avoided as it might further aggravate the autoimmune process.(203) Treatment 

with sulfonylureas (SUs) leads to earlier insulin dependence and poor metabolic 

control if SUs are prescribed for patients with LADA compared to insulin.(204)  

Insulin does not seem to have immunomodulating effect and cannot be considered a 

preventive treatment for autoimmune diabetes. Unspecific effect of insulin on 

glucose toxicity helps in improvement of β-cell function.(37,205,206)  Vitamin D may 

protect beta cells in LADA(207) although not much information is available in this 

regard. DiaPep277, a heat-shock protein peptide was found to preserve endogenous 

insulin perhaps through induction of a shift from T-helper 1 (interferon-γ production 

reduced) to a T-helper 2 (interleukin-9 and -13 increased) which are produced by 

autoimmune T-cells. Further studies are needed to clarify the effect on β-cell function 

in autoimmune diabetes.(208)  

In comparison to insulin alone, treatment with DPP4 inhibitor sitagliptin and insulin 

maintained β‐cell function in LADA patients.(209) Subcutaneous GAD65 in LADA 

increased fasting C peptide levels after 24 weeks in those treated with moderate 

doses of 20 µg. Interestingly, lower (4 µg) or higher (50 or 100 µg) doses did not 

show any difference. This has been the first safe report of immunomodulation in 

LADA.(210)  

Most recent evidence supports Dulaglutide, a weekly GLP-1 receptor agonist as an 

effective antihyperglycemic treatment for patients with LADA.(211) Potential 

therapeutic  development should focus on beta cell preservation and regeneration. 
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1. JUSTIFICATION 

Adult-onset autoimmune diabetes is heterogeneous consisting of various groups. 

This observation has been intensively investigated in Europe and needs a 

comprehensive search in India. For almost two decades, LADA had been continually 

an area of interest for researchers and clinicians worldwide. Epidemiological studies 

have reported varied prevalence of LADA ranging from 1.4% in Korean population to 

approximately 10% in European individuals. In South Asia, data on LADA are 

sparse.  Significant discrepancy in the frequency of LADA has been observed in 

earlier studies on Indian population ranging from 2.6% to 58%. Such variation in the 

results may be attributed to local differences and conflicting methodology adopted by 

various authors. Diagnosing LADA early in the disease process is important as it 

may have therapeutic implications.  

 

2. OBJECTIVES 

2.1 General objective 

In view of the wide variation seen in the results of past studies on Indian subjects, we 

conducted a study to find the prevalence and characterize patients with LADA in an 

area of India, adopting the criteria suggested by the Immunology of Diabetes Society 

(IDS) and The European Action LADA group. using a validated method.  

2.2 Specific objective  

To investigate the prevalence, phenotype characteristics, biochemical and 

immunological features of adult-onset autoimmune diabetes in an area of National 
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Capital Region (NCR) of Northern India and their comparison with other populations 

in the world; in particular, from Asian and Western countries. 
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SUBJECTS 

This study was conducted in the National Capital Region (NCR) of North India and 

included diabetic patients over 30 years of age consecutively attended at the 

Diabetes Clinic. Majority of the population investigated were inhabitants of the urban 

areas of NCR surrounding the capital city of New Delhi. All participants were natives 

of Northern states of India, mainly Uttar Pradesh, Uttarakhand, Punjab, Haryana, 

Bihar and Delhi. The socio-economic status of most of the study participants ranged 

from lower middle to upper middle. From November 2015 until 2016 a total of 139 

subjects were voluntarily recruited according to the inclusion requirements of the 

research protocol. 

 

STUDY DESIGN 

This was a cross-sectional investigation. The Sample size was calculated using 

Granmo software (1998),(212) accepting the confidence interval of 95% (0.95) for a 

precision of  +/- 0.05 units in two sided test for an estimation proportion 0.1. Inclusion 

criteria were: a) diagnosis of diabetes by standard criteria; b) age at diagnosis of 

diabetes, 30 – 70 years; c) duration of diabetes between 6 months to 5 years. Any 

subject not fulfilling the inclusion criteria or not willing to participate were excluded.  

In this population, subjects with glutamic acid decarboxylase autoantibody (GADA) in 

whom insulin was started at diagnosis or within one month of diagnoses were 

defined as DM1.(81) All antibody negative subjects were diagnosed as DM2.(20) 

LADA patients  were defined as patients aged 30-70 years at the time of diabetes 

diagnosis who did not require insulin for at least 6 months after diagnosis and                                     



MATERIAL AND METHODS 

46 

depicted GADA at their sera. The Study was conducted in accordance with 

Declaration of Helsinki. Ethical committee approval was obtained and written 

informed consent document was signed by all subjects. 

 

1. METHODOLOGY 

1.1 Clinical history 

Clinical history of all subjects was reviewed with the aim of collecting data on age, 

sex, date of diagnosis, family history, and treatment of Diabetes, hypertension and 

dyslipidemia. Time to start of insulin was calculated as the time between the date of 

diagnosis and the date of the first insulin treatment. 

 

1.2 Data collection and creation of the database 

The data were collected at the time of the study visit. Case report forms (CRF) were 

completed with the information obtained from medical history. All reports were 

entered into Microsoft Excel worksheets to create a database. Data were later 

imported to the Statistical Package for the Social Sciences SPSS (SPSS Inc.) for 

subsequent analysis.  

 

1.3 Anthropometric and blood pressure measurement  

Anthropometric measurement included measurement of body weight in kilograms 

(Kg), height and Abdominal circumference (AC) in centimeters, Body Mass Index 

(BMI) was calculated as weight divided by height squared in meters (kg/m2). 
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AC was measured without clothes midway between the lower rib margin and iliac 

crest using non stretchable tape in concordance with technique defined by National 

Institutes of Health (NIH).(213)  Systolic blood pressure (SBP) and diastolic blood 

pressure (DBP) were measured twice in sitting position; the average of both readings 

was noted for analysis.  

 

2. DIAGNOSIS OF METABOLIC SYNDROME 

Metabolic syndrome was assessed according to the revised National Cholesterol 

Education Program (NCEP): Adult Treatment Panel III criteria.(214) All subjects 

fulfilled the criteria of hyperglycemia. Additionally, two of the following criteria were 

required for the diagnosis: 

 

1) Waist circumference ≥ 90 cm (Asian male) or ≥ 80 cm (Asian female)  

 

2) Serum triglyceride ≥ 150 mg/dl or use of drug treatment for dyslipidaemia  

 

3) Serum HDL cholesterol ≤ 40 mg/dl (male) or ≤ 50 mg/dl (female) 

 

4)  SBP ≥ 130 mmHg and/or DBP ≥ 85 mmHg or use of antihypertensive 

medication 

 

3. BIOCHEMICAL ANALYSIS AND ANTIBODY ASSAY 

A fasting (12 hours) blood sample was collected and analyzed locally, using 

standardized assays to measure glucose, HbA1c, lipid profile, creatinine, C-peptide                                                                               
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and GAD-65 antibody. Specific methodology used to measure each parameter is 

described below in detail. 

 

3.1 Glucose  

Glucose was measured by hexokinase method(215) using Siemens 

ADVIA® 1800 autoanalyzer. For this purpose, 3.0 ml venous whole blood was 

collected in vacuum tube containing the glycolytic inhibitor sodium fluoride. 

Specimens were centrifuged immediately at 1500 RCF (Relative Centrifugal force) 

for 15 minutes. 1ml plasma was transferred to clean plastic screw cap vial labelled 

with barcode; samples were refrigerated and processed in the same day. 

 

3.2 Glycosylated haemoglobin (HbA1C)   

HbA1c was performed using Bio-Rad Laboratories Inc. VARIANT™ II Dual 

(A2/F/A1c) instrument by ion-exchange high performance liquid chromatography 

(HPLC), a National Glycohemoglobin Standardization Program (NGSP) certified 

method. (216,217) 

 

3.3 Lipid profile  

The lipid profile included the measurement of Total cholesterol (TC), Triglycerides 

(TG), Low Density Lipoprotein-cholesterol (LDL-C) and High Density Lipoprotein 

cholesterol (HDL-C). TC was measured by enzymatic method; cholesterol oxidase- 

Peroxidase (CHOD-POD) based on the principle first described by Stadtman et al. 

and later adopted by Rautela and Liedtke.(218,219). TG was measured by
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enzymatic method; glycerol-3-phosphate Oxidase-Peroxidase (GPO-POD).(220) 

LDL-C cholesterol was measured using automated direct assay referenced to the 

beta-quantification method.(221) and HDL-C cholesterol was measured by direct 

enzymatic method.(222) 4ml venous whole blood was collected in plastic serum 

separator tubes. Immediate mixing was done by inverting the tube gently 4-5 times. 

Blood was allowed to clot in an upright position for at least 30 minutes before 

centrifugation. Specimen was centrifuged for at least 15 minutes at 3000-3500 rpm 

within one hour of collection. Around 2.5 ml serum was transferred to properly 

labelled plastic-screw cap vial and transported refrigerated and processed same day. 

All methods were performed on Siemens ADVIA® 1800 chemical autoanalyzer using 

Siemens Dimension® Flex® reagent cartridges. 

3.4 Creatinine 

Serum creatinine was measured by colorimetric  Jeff’s kinetic method performed on 

Siemens ADVIA® 1800 chemical autoanalyzer.(223) The normal reference range 

was 0.80 - 1.30 mg/dL.  

 

3.5 C-Peptide  

C-peptide was measured to assess insulin secretion. It was analyzed using Siemens 

ADVIA Centaur XP® immunoassay system by direct chemiluminescent technology 

(CLIA) with coefficient of variation (CV) <10% and normal reference range, 0.48 to 

5.05 ng/mL(224) Serum was separated as per the standard procedure mentioned 

above. Volume of 0.5 ml serum was required for analysis. Samples were transported 

refrigerated and processed same day or were frozen at or below -20°C if the sample
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was not assayed within 24 hours. All frozen samples were processed within 2-5 days 

of storage. 

 

3.6 GAD-65 Antibody 

GAD-65 antibody was analyzed using RSR- ELISA kits (RSR Limited, Cardiff, UK) 

with 98% specificity and 92% sensitivity in the Diabetes Antibody Standardization 

Program (DASP) 2005.(225) 50 µl serum was required for one assay. Serum was 

stored in aliquots at -20 degree Celsius till analysis.  

Assay cut off of < 5 U/mL was considered negative and ≥ 5 U/mL was considered 

positive.(226) Our results did not show a bimodal distribution of GADA titer. hence, 

to analyze the characteristics of LADA subjects according to GADA titer, based on 

the median value of GADA titer, LADA subjects were stratified into two subgroups: 

GAD-high titer (>13.6 U/mL) and GADA-low titer (≤13.6 U/mL). The interassay 

precision of the kit has been shown to have a CV of 5.7% with a sample of 97 U/mL, 

5.2% for a sample of 21.0 U/mL and 6.4% for a sample of 5.7% (n=20). The intra-

assay precision was 7.3% for a sample of 97.2 U/mL and 8.5% for a sample of 20.0 

U/mL, and 3.5% for a sample of 7.0 (n=25). 

The wells of the ELISA plate were GAD-65 coated. Any antibodies directed against 

any GAD-65 antigens present in the serum were bound to immobilised GAD-65 on 

the plate. After 1-hour wash step, GAD65-Biotin was added in 2nd incubation step, a 

bridge was formed between the GAD-65 immobilised on the plate and the GAD65- 

biotin. In the 3rd incubation step, the amount of GAD65-Biotin bound was 

determined by adding Streptavidin Peroxidase, that specifically binds to Biotin.
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Unbound Streptavidin Peroxidase was washed away and addition of chromogenic 

substrate 3,3′, 5,5′-tetramethylbenzidine (TMP) yielded a blue color.  The reaction 

was stopped by addition of stop solution turning well contents to yellow color. The 

absorbance of yellow mixture was measured using ELISA plate reader ERBA LISA 

SCAN EM TRANSASIA® 

 

6. STATISTICAL ANALYSIS 

Quantitative variables were described using the means and standard deviations or 

medians and interquartile ranges. Categorical variables were described as n (%). 

The comparison between mean values was estimated by Independent t test/Mann-

Whitney U test. The comparison of categorical variables was analyzed using chi-

square/ Fisher exact test. For the purpose of C-peptide secretion analysis, disease 

duration (in months) was calculated as the period between the date of diagnosis and 

the date of the study assessment. The disease duration was stratified into 2 periods 

(< 36 months and >36 months) for the two categories analyzed; i.e., LADA and 

T2DM. For all analyses, IBM SPSS statistics for windows software (version 21.0; 

Armonk NY, USA) was used and an α value of 0.05 for statistical significance was 

considered for all analyses. 
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1- Demographics of study participants 

The 139 study subjects consisted of 80 (57.6%) males and 59 (42.5%) females. 

Overall, mean (sd) age was 46.7 (9.3) years and age at diagnosis was 43.9 (9.5) 

years. The mean disease duration was 34.5 (17.9) months, waist circumference was 

96.3 (9.9) cms and BMI was 28.1 (4.8) kg/m2. The demographics and biochemical 

characteristics of studied participants are shown in Table 10. 

   Data are expressed as means (SD), median [IQR] or n (%) 

 

Table 10: Baseline demographics and biochemical characteristics of all 139 
subjects 

 
Characteristics 
 

 
Mean ± SD, Median [IQR] or n (%) 

Males, n (%) 80 (57.6) 

Females, n (%) 59 (42.4) 
Age (years) 46.7 ± 9.3 
Age at diagnosis (years) 43.9 ± 9.5 
Duration of disease (months) 34.5 ± 17.9 
Weight (kg) 74.7 ± 13.2 
BMI (kg/m2) 28.1 ± 4.8 
Waist circumference (cms) 96.3 ± 9.9 
Family history of diabetes, n (%) 90 (64.7) 
SBP (mmHg) 125.8 ± 14.4 
DBP(mmHg) 80.0 [75-84] 
Antihypertensive treatment, n (%) 46 (33.1) 
Treatment for dyslipidemia, n (%) 5 (3.6) 
FBS 137 [120-169] 
HbA1c 7.1 [6.6-8.7] 
Cholesterol total (mg/dl) 167.3 ± 37.8 
Triglycerides (mg/dl) 148 [107-206] 
LDL cholesterol (mg/dl) 103.3 ± 31.3 

HDL cholesterol (mg/dl) 43.4 ± 10.6 
C-Peptide (ng/ml) 2.2 ± 0.9 
GADA titer 
Positive (≥ 5 U/ml, n (%)                                                                        
Negative (< 5U/ml, n (%) 

 
9 (6.5%) 
130 (93.5%) 

Metabolic syndrome, n (%)                                 120 (86.3) 
Treatment 
Diet, n (%) 
OHA, n (%) 
Insulin with or without OHA, n (%) 

 
10 (7.2) 
121 (87.1) 
8(5.8) 
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2- Prevalence of adult-onset autoimmune diabetes 

Within the entire cohort of 139 subjects with adult-onset diabetes, 9 (6.5%) were 

positive for GADA. All antibody positive subjects did not require insulin within first six 

months after diagnosis of diabetes and were classified as LADA. Based on 

diagnostic criteria adopted no subject was diagnosed with DM1-A.  

GADA negative (n=130) subjects were diagnosed with DM2. The prevalence of 

LADA was 6.5% (6.3% in men and 6.8% in women); 95% confidence interval (CI): 

3.29-12.0% among adult onset diabetic patients. Prevalence of LADA seemed to 

gradually decline with increasing age. However, the prevalence of DM2 continually 

increased with age. Age and gender wise prevalence of LADA and DM2 is shown in 

Table 11 and Fig. 9. 

Table 11: Age and Gender wise prevalence of LADA and DM2 among all study subjects 

n=139  

   Age 

(years) 

LADA                              DM2 

Male Female Total Male Female Total 

< 40  4/26 (15.4) 1/10 (10) 5/36 (13.9) 22/26(84.6) 9/10 (90) 31/36 (86.1) 

40-49  1/33 (3) 2/16 (12.5) 3/49 (6.1) 32/33 (97) 14/16 (87.5) 46/49 (93.9) 

50-59  0/18 (0) 1/22 (4.5) 1/40 (2.5) 18/18 (100) 21/22 (95.5) 39/40 (97.5) 

≥ 60  0/3 (0) 0/11 (0) 0/14 (0) 3/3 (100) 11/11 (100) 14/14 (100) 

Total 5/80 (6.3) 4/59 (6.8) 9/139 (6.5) 75/80(93.8) 55/59 (93.2) 130/139(93.5) 

Data expressed as n (%) 
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              Figure 9: – Age wise prevalence of LADA and DM2 among all study subjects. 

 

3- Comparison of characteristics of LADA and DM2 subjects 

LADA (n=9) and DM2 (n=130) patients were compared. LADA patients were younger 

(40.8 ± 7.6 vs. 47.2 ± 9.3 years; p = 0.045), had lower age at onset of diabetes (37.1 

± 7.4 vs. 44.4 ± 9.4 years; p = 0.025), abdominal circumference (88.9 ± 8.3 vs. 96.8 

± 9.8 cms; p = 0.021), systolic blood pressure (SBP) (115.3 ± 16.4 vs. 126.5 ± 14.0 

mmHg; p = 0.033), triglycerides (107 (92-141)  vs. 151 (112.3-210) mg/dl; p = 0.033), 

fasting C-peptide (1.5 ± 0.9 vs. 2.3 ± 0.8 ng/ml;  p = 0.009) and prevalence of 

metabolic syndrome (MS) ( 44.4 % vs. 88.5 %; p = 0.003). LADA patients had also 

longer duration of diabetes (46 ± 12.7 vs. 33.7 ± 17.9; p = 0.045). Frequency of 

positive family history of diabetes was lower in LADA patients; however, the 

difference was not statistically significant (44.4% vs. 66.2; p = 0.278). Higher 
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proportion of LADA subjects were on insulin treatment (22.2% vs. 4.6%; p = 0.085); 

the difference between the group of LADA and DM2 did not reach statistical 

significance. There were no significant differences in BMI, FPG, HbA1C, Cholesterol-

total, LDL-C, HDL-C, and DBP between two groups. The characteristics of LADA 

and DM2 patients are summarized in Table 12. 

 

Data are means ± SD or n (%) 

 

 

4- Comparison of characteristics of LADA GADA- high subjects vs. GADA- low 

subjects  

To further analyze characteristics of LADA subjects according to GADA titer, based 

on the median value of GADA titer, LADA subjects were divided into 2 sub-groups: 

Table 12:  Characteristics of LADA subjects vs. DM2 subjects 

Cases LADA (n=9) DM2 (n=130) P-value 

Females, n (%) 4 (44.4%) 55 (42.3%)  
Males, n (%) 5 (55.6%) 75 (57.7%) 1.000 
Age (years) 40.8 ± 7.6 47.2 ± 9.3 0.045 

Age at diagnosis (years) 37.1 ± 7.4 44.4 ± 9.4 0.025 

Disease Duration (months) 46 ± 12.7 33.7 ± 17.9 0.045 

BMI (Kg/m2) 25.6 ± 4.2 28.3 ± 4.8 0.108 
Waist circumference (cms) 88.9 ± 8.3 96.8 ± 9.8 0.021 

SBP (mmHg) 115.3 ± 16.4 126.5 ± 14.0 0.023 
DBP(mmHg) 80.0 [65.5-82.0] 80.0 [75.0- 84.3] 0.330 

Antihypertensive treatment n (%) 2 (22.2%) 44 (33.8%) 0.718 
Family history of Diabetes, n (%) 4 (44.4%) 86 (66.2) 0.278 

Triglycerides (mg/dl) 107.0 [ 92.0- 141.0] 151.0 [112.3-210] 0.033 

Total cholesterol (mg/dl) 160.4 ± 35.7 167.8 ± 38.1 0.577 

HDL Cholesterol (mg/dl) 46.1 ± 7.5 43.2 ± 10.8 0.425 
LDL Cholesterol (mg/dl) 104 ± 33.9 103.3 ± 31.2 0.948 

Metabolic syndrome, n (%) 4 (44.4%) 115(88.5%) 0.003 
Fasting plasma glucose(mg/dl) 139 [117.5- 162.5] 137 [120-169.3] 0.898 

HbA1C (%) 8.1 [7.0- 10.6] 7.1[6.6-8.5] 0.096 
C-Peptide fasting (ng/ml) 1.5 ± 0.9 2.3 ± 0.8 0.009 

Insulin treatment, n (%) 2 (22.2%) 6 (4.6%) 0.085 
Time to insulin (months) 25.0 ± 26.8  47.2 ± 5.3 0.449 
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GADA-high titer (> 13.6 U/ml) and GADA-low titer (≤13.6 U/ml). Patients with GADA- 

at high titer (GADA-High, n = 4) were compared with GADA at- low titer (GADA-Low, 

n = 5) group. All GADA-high patients were male (0% vs. 80%; p = 0.048), had lower 

BMI (22.6 ± 4.1 vs. 28.1 ± 2.4 Kg/m2; p = 0.040), abdominal circumference (82.6 ± 

7.4 vs. 94.0 ± 4.8 cms; p = 0.026), fasting C-peptide (0.8 ± 0.7 vs. 2.1 ± 0.6 ng/ml; p 

= 0.025) and prevalence of MS (0% vs. 80%; p = 0.048). No statistical significance 

was observed between two groups although, LADA GADA-high patients required 

insulin more frequently (50% vs. 0%; p = 0.167). Characteristics of GADA-High vs. 

GADA-Low titer are shown in Table 13.  

Data are means ± SD or n (%) 

 

 

Table 13: Characteristics of GADA-high vs. GADA-low LADA subjects 

Cases GADA high (n=4) GADA low (n=5) P-value 

Female, n (%) 0 (0%) 4 (80%)  
Male, n (%) 4 (100%) 1 (20%) 0.048 
Age (years) 37.3 ± 3.6 43.6 ± 9.2 0.236 
Age at diagnosis (years) 33.3 ± 3.0 40.2 ± 8.8 0.178 
Disease Duration (months) 50 ± 11.2 42.8 ± 14.1 0.433 
BMI (Kg/m2) 22.6 ± 4.1 28.1 ± 2.4 0.040 

Waist (cms) 82.6 ± 7.4 94.0 ± 4.8 0.026 
SBP (mmHg) 105.5 ± 9.0 123.2 ± 17.3  0.109 
DBP(mmHg)* 70.5 ± 9.5  79.2 ± 12.5  0.288 
Antihypertensive treatment n (%) 0 (0%) 2 (40%) 0.444 
Triglycerides (mg/dl) 96.8 ± 12.7 131.2 ± 34.7 0.092 
Total cholesterol (mg/dl) 157.5 ± 37.2 163 ± 38.6 0.841 
HDL Cholesterol (mg/dl) 47.8 ± 6 44.8 ± 9.0 0.590 
LDL Cholesterol (mg/dl) 100 ± 39.4 107.2 ± 33.5 0.775 
Metabolic syndrome (n, %) 0 (0%) 4 (80%) 0.048 
Fasting plasma glucose (mg/dl) 140± 29.9 154.8 ± 57.8 0.659 
HbA1C (%) 8.9 ± 3.2 8.8 ± 1.7 0.953 
Family history of Diabetes, n (%) 1(25%) 3 (60%) 0.524 
C-Peptide fasting (ng/ml) 0.8 ± 0.7 2.1 ± 0.6 0.025 

Insulin treatment  2 (50%) 0 (0%) 0.167 
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5- Comparison of characteristics of LADA subjects with GADA at high titer 

(GADA-high) vs. DM2 subjects 

Patients with GADA- at high titer (GADA-high, n = 4) were compared with DM2, n = 

130) group. GADA-high patients were younger (37.3 ± 3.6 vs. 47.2 ± 9.3 years; p = 

0.035), had lower age at onset (33.3 ± 3.0 vs. 44.4 ± 9.4 years; p = 0.020), BMI (22.6 

± 4.1 vs. 28.3 ± 4.8 Kg/m2; p = 0.040), abdominal circumference (82.6 ± 7.4 vs. 96.8 

± 9.8 cms; p = 0.005), SBP (105.5 ± 9.0 vs. 126.5 ± 14.0 mmHg;  p = 0.003), 

triglycerides (99.5 [83.8 - 107.0] vs. 151[210 - 112.3] mg/dl; p = 0.026), fasting C-

peptide (0.8 ± 0.7 vs. 2.3 ± 0.8 ng/ml; p = 0.001) and prevalence of MS (0% vs. 

88.5%; p < 0.001). The rate of patients on insulin was higher in GADA-high 

compared to DM2 (50% vs. 4.6%; p = 0.018). The characteristics of GADA-high 

versus DM2 subjects are shown in Table 14. 

 

Data expressed as means ± SD, medians [IQR] or n (%) 

 

Table 14: Characteristics of GADA-high LADA subjects vs. DM2 subjects 

Cases GADA- high (n = 4) DM2 (n = 130) P-value 

Females, n (%) 0 (0%) 55 (42.3%)  
Males, n (%) 4 (100%) 75 (57.7%) 0.144 
Age (years) 37.3 ± 3.6 47.2 ± 9.3 0.035 
Age at diagnosis (years) 33.3 ± 3.0 44.4 ± 9.4 0.020 

Disease duration (months) 50 ± 11.2 33.7 ± 17.9 0.074 
BMI (Kg/m2) 22.6 ± 4.1 28.3 ± 4.8 0.020 

Waist (cms) 82.6 ± 7.4 96.8 ± 9.8 0.005 
SBP (mmHg) 105.5 ± 9.0 126.5 ± 14.0 0.003 

DBP(mmHg)*  69.5 [62.3-79.8]  80 [75.0-84.3] 0.075 
Antihypertensive treatment n (%)  0 (0%) 44 (33.8%) 0.302 
Triglycerides (mg/dl) *  99.5 [83.8-107.0]   151[112.3-210] 0.026 
Total cholesterol (mg/dl) 157.5 ± 37.2 167.8 ± 38.1 0.596 
HDL cholesterol (mg/dl) 47.8 ± 6 43.2 ± 10.8 0.403 
LDL cholesterol (mg/dl) 100 ± 39.4 103.3 ± 31.2 0.837 
Metabolic syndrome (n, %) 0 (0%) 115(88.5%) < 0.001 

Fasting plasma glucose (mg/dl) * 143 [109.8 - 167.3] 137 [120-169.3] 0.927 
HbA1C (%)* 8.4 [6.2 - 12.2] 7.1 [6.6-8.5] 0.596 
Family history of Diabetes, n (%) 1(25%) 86 (66.2%) 0.124 
C-Peptide fasting (ng/ml) 0.8 ± 0.7 2.3 ± 0.8 0.001 

Insulin treatment  2 (50%) 6 (4.6%) 0.018 
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6- Comparison of characteristics of GADA-low LADA subjects vs. DM2 

subjects 

Patients with GADA- at low titer (GADA-low, n=4) were compared with DM2 patients 

(n=130) group. There were no significant differences between characteristics of DM2 

and GADA-low patients. The characteristics of GADA-low versus DM2 patients are 

presented in Table 15. 

Data are means ± SD, medians [IQR] or n (%) 

Table 15: Characteristics of GADA-low LADA subjects vs. DM2 subjects 

Cases GADA- low (n = 5) DM2 (n = 130) P-value 

Females, n (%) 4 (80%) 55 (42.3%) 0.167 
Males, n (%) 1 (20%) 75 (57.7%) 0.400 
Age (years) 43.6 ± 9.2 47.2 ± 9.3 0.329 
Age at diagnosis (years) 40.2 ± 8.8 44.4 ± 9.4 0.265 
Disease Duration (months) 42.8 ± 14.1 33.7 ± 17.9 0.922 
BMI (Kg/m2) 28.1 ± 2.4 28.3 ± 4.8 0.531 
Waist (cms) 94.0 ± 4.8 96.8 ± 9.8 0.605 
SBP (mmHg) 123.2 ± 17.3  126.5 ± 14.0 0.792 
DBP(mmHg)  80 [70-88]  80 [75.0-84.3] 1.000 
Antihypertensive treatment n (%) 2 (40%) 44 (33.8%) 0.354 
Triglycerides (mg/dl) 122 [100-167]  151 [112.3-210] 0.775 
Total cholesterol (mg/dl) 163 ± 38.6 167.8 ± 38.1 0.741 
HDL Cholesterol (mg/dl) 44.8 ± 9.0 43.2 ± 10.8 0.784 
LDL Cholesterol (mg/dl) 107.2 ± 33.5 103.3 ± 31.2 0.473 
Metabolic syndrome (n, %) 4 (80%) 115(88.5%) 0.798 
Fasting plasma glucose (mg/dl) 139 [117-201] 137 [120-169.3] 0.073 
HbA1C (%)  8.1 [7.5-11.5] 7.1 [6.6-8.5] 1.000 
Family history of Diabetes, n (%) 3 (60%) 86 (66.2%) 0.568 
C- Peptide fasting (ng/ml) 2.1 ± 0.6 2.3 ± 0.8 1.000 
Insulin treatment  0 (0%) 6 (4.6%) 0.167 
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7- Analysis of C-Peptide secretion according to duration of diabetes 

Above observations in table 3 showed that subjects with LADA had lower fasting    

C-peptide levels compared with DM2 subjects. For the purpose of assessment of   

C-peptide secretions according to disease duration, LADA and DM2 groups were 

stratified into two periods (< 36 months and > 36 months). In comparison to DM2 

subjects, LADA subjects displayed significantly lower fasting C-peptide 

concentrations in those with less than 36 months duration (1.73 ± 0.10 vs. 2.29 ± 

0.88 ng/ml; p = < 0.001; 95% CI: - 0.81 ─ - 0.31) and the difference remained in 

patients with more than 36 months of disease duration (1.39 ± 1.10 vs. 2.25 ± 0.77 

ng/ml; p = 0.016; 95% CI:  - 1.54 ─ - 0.17 (Table 16a, Table 16b and Fig. 10). 

 

Table 16a: C- Peptide levels in subjects with < 36 months duration of diabetes 

Cases LADA (n = 3) DM2 (n = 71) P- value       95% CI 

C-peptide (ng/ml)    1.73 ± 0.10 2.29 ± 0.88  < 0.001 - 0.81 ─ - 0.31  

Data are mean ± SD 

 

Table 16b: C-Peptide levels in subjects with > 36 months duration of diabetes 

Cases   LADA (n = 6)   DM2 (n = 59)  P- value       95% CI 

C-peptide(ng/ml)     1.39 ± 1.10     2.25 ± 0.77    0.016 - 1.54 ─ - 0.17 

Data are mean ± SD 
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Figure 10: C- Peptide concentrations of LADA and DM2 divided in two categories according 

to duration of diabetes: < 36 months (3 and 71 subjects, respectively) and over 36 months (6 

and 59 subjects, respectively). Error bars indicate the 95% confidence intervals (CI). 
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8- Assessment of insulin treated vs. non- insulin treated groups within LADA 

and DM2 patients   

With the objective of evaluating differences in characteristics, insulin treated LADA 

patients (n = 2) and DM2 patients (n = 6) were compared with non-insulin treated 

LADA patients (n = 7) and DM2 (n = 124) patients respectively. Among LADA 

patients, those who were taking insulin treatment had significantly longer duration of 

diabetes (58.5 ± 0.7 vs. 42.4 ± 12.1 months; p = 0.012) lower abdominal 

circumference (76.4 ± 3.3 vs. 92.5 ± 4.71 cms; p = 0.003) and lower fasting             

C-Peptide levels (0.4 ± 0.4 vs. 1.8 ± 0.7 ng/ml; p = 0.027) than those who were not 

taking insulin treatment.  Although, the proportion of subjects with high-GADA titer 

was higher in insulin treated LADA subjects (2/2 (100%) vs. 2/7 (40%); p = 0.167) 

the difference was not significant statistically. Similarly, although not statistically 

different, non-insulin treated LADA subjects had higher proportion of MS than insulin 

treated LADA subjects (0/2 (0%) vs. 4/7 (57.1%); p = 0.444) There was no significant 

difference in gender, age, age at diagnosis, BMI, SBP, DBP and HbA1c in the two 

groups of subjects (Table 17a) 

In DM2 patients, longer diabetes duration (58.2 ± 2.0 vs.32.5 ± 17.5 months; p = <. 

001), lower BMI (23.2 ± 4.1 vs. 28.5 ± 4kg/m2; p = 0.007), abdominal circumference 

(85.0 ± 12.2 vs.97.4 ± 9.4 cms; p = 0.002) SBP (119.3 ± 5.1 vs. 126.9 ± 14.2 mmHg; 

p = 0.013) and fasting C-Peptide (1.2 ± 0.3 vs. 2.3 ± 0.8 ng/ml; p = < 0.001) were 

associated with insulin therapy. Frequency of MS was significantly lower in insulin 

treated DM2 subjects than non-insulin treated subjects (3/6 (50%) vs. 112/124 

(90.2%); p = 0.020). There was no significant association observed between gender, 

age, age at diabetes onset, DBP and HbA1c with insulin treatment (Table 17b).
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Table 17a: Insulin treated vs. non–insulin treated LADA subjects  
 LADA (n = 9)  
Treatment  Insulin n, % (2, 22.2%) No insulin n, % (7, 77.7%) P-value 
Females, n (%) 0 (0)  4 (57.1)  
Males, n (%)  2 (100) 3(42.9) 0.444 
Age (years) 38.0 ± 5.7 41.6 ± 8.3 0.593 
Age at diagnosis (years) 33.5 ± 5.0 38.1 ± 8.0 0.474 
Disease duration(months) 58.5 ± 0.7 42.4 ± 12.1 0.012 

BMI(kg/m2) 22.3 ± 7.0 26.6 ± 3.2 0.214 
Waist circumference(cms) 76.4 ± 3.3 92.5 ± 4.7 0.003 

SBP (mmHg)  101 ± 1.4 119.4 ± 16.4 0.174 
DBP(mmHg) 69.5 ± 0.7 77.0 ± 12.7 0.453 
HbA1c (%) 11.4 ± 2.1 8.1 ± 1.8 0.064 
MS (%) 0 (0) 4 (57.1) 0.444 
C-Peptide (ng/ml) 0.4 ± 0.4 1.8 ± 0.7 0.027 

High-GADA titer, n (%) 2 (100) 2 (40) 0.167 

Data are expressed as mean ± SD and n (%). 

 

Table 17 b: Insulin treated vs. non-insulin treated in DM2 subjects 
 DM2 (n = 130)  
Treatment  Insulin n, %( 6, 4.6%) No insulin n, % (124,95.4%) P-value 
Females, n (%) 2 (33.3) 53(42.7)  
Males, n (%)  4 (66.6) 71(57.2) 1.000 
Age (years) 43.5 ± 5.3 47.3 ± 9.4 0.323 
Age at diagnosis (years) 38.6 ± 5.2 44.7 ± 9.5 0.128 
Disease duration(months) 58.2 ± 2.0 32.5 ± 17.5 <0.001 
BMI(kg/m2) 23.2 ± 4.12 28.5 ± 4.7 0.007 

Waist circumference(cms) 85.0 ± 12.2 97.4 ± 9.4 0.002 

SBP (mmHg) 119.3 ± 5.1 126.8 ± 14.2 0.013 
DBP(mmHg) 94.0 [71.3 – 129] 80.0 [75.0 – 85.0] 0.267 
HbA1c (%) 9.2 [6.9 – 13.2]  7.0 [6.6 – 8.3] 0.051 
MS (%) 3 (50%) 112 (90.3) 0.020 

C-Peptide (ng/ml) 1.2 ± 0.3 2.3 ± 0.8 < 0.001 

Data are expressed as mean ± SD, median [IQR] and as n (%). 
 

 

9. Assessment of insulin treated LADA patients vs. insulin treated DM2 

patients  

With the aim to assess the factors associated with insulin treatment in LADA and 

DM2 patients, insulin treated LADA patients (n =2) were compared with insulin 

treated DM2 patients (n=6). Insulin treated LADA subjects had significantly lower
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SBP (101 ± 1.4 vs. 119.3 ± 5.1; p = 0.003 mmHg) and fasting C-Peptide (0.4 ± 0.4 

vs.1.2 ± 0.3 ng/ml; p = 0.021) than insulin treated DM2 subjects. (Table 18) There 

was no significant difference observed in other variables between two groups. 

 

Table 18: Insulin treated LADA subjects vs. insulin treated DM2 subjects 

  Insulin treated LADA 
              (n=2) 

 Insulin treated DM2  
              (n=6) 

P-value 

Females, n (%) 0 (0)  2 (33.3)  
Males, n (%) 2 (100) 4 (66.6) 1.000 
Age (years) 38.0 ± 5.7 43.5 ± 5.3 0.257 
Age at diagnosis (years) 33.5 ± 5.0 38.6 ± 5.2 0.266 
Disease duration (months) 58.5 ± 0.7 58.2 ± 2.0 0.836 
BMI (kg/m2) 22.3 ± 7.0 23.2 ± 4.12 0.814 
Waist circumference (cms) 76.4 ± 3.3 85.0 ± 12.2 0.170 
SBP (mmHg) 101 ± 1.4 119.3 ± 5.1 0.003 

DBP(mmHg) 69.5 ± 0.7 94.0 [71.3 – 129] 0.372 
HbA1c (%) 11.4 ± 2.1 9.2 [6.9 – 13.2]  0.557 
MS (%) 0 (0) 3 (50) 0.464 
C-Peptide (ng/ml) 0.4 ± 0.4 1.2 ± 0.3 0.021 

Data are means ± SD, medians [IQR] or n (%) 

 

10- Comparison of time to insulin in LADA and DM2 subjects 

Time to first insulin treatment since diagnosis of diabetes was calculated in LADA 

and DM2 subjects. 22.2% of patients in LADA group (n=9) and 4.6% of patients in 

DM2 group (n=130) required insulin. When compared to DM2 group, LADA group 

showed earlier requirement of insulin treatment although, the difference was not 

significant. (p = 0.112).  This difference corresponded with hazard ratio of 4.37 (p = 

0.144; 95% CI 0.6-31.4) for insulin treatment in LADA compared to DM2 patients. 

11- Analysis of non-constituent variables of Metabolic Syndrome (MS) in LADA 

and DM2 subjects with and without MS 

To observe association of non-constituent variables of MS in LADA and DM2, 

subjects were subdivided into two subgroups with and without MS and compared.
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Compared with LADA patients without MS, all LADA patients with MS were female 

(100% vs. 0%; p = 0.008). Age at recruitment, age at diagnosis and duration of 

diabetes were not significantly different between groups. (Table 19a) DM2 patients 

with MS had higher proportion of females (47% vs. 7%; p = 0.004), higher age (47.9 

± 9.3 vs. 41.4 ± 6.2 years; p = 0.002) and age at diagnosis (45.2 ± 9.6 vs. 38.3 ± 5.4 

years; p = < 0.001) compared to the group of DM2 patients not depicting MS.   

(Table 19b) 

 

Table 19 a: Non- constituent variables of MS in LADA subjects with and without  MS  
 LADA with MS n=4 LADA without MS n=5 P-value 
Male, n (%) 0 (0%) 5 (100%) - 
Female, n (%) 4 (100%) 0(0%) 0.008 

Age (years) 45.8 ± 9.0  36.8 ± 3.3 0.075 
Age at diagnosis (years) 42.0 ± 9.0 33.2 ± 2.58 0.073 
Duration of Diabetes (months) 47.0 ± 12.11 45.2 ± 14.4 0.848 

Data are means ± SD, medians [IQR] or n (%) 

 

Table 19 b: Non- constituent variables of MS in DM2 subjects with and without  MS 

 DM2 with MS  n=115 DM2 without MS   n=15 P-value 
Male, n (%) 61 (53%) 14 (93%) - 
Female, n (%) 54 (47%) 1 (7%) 0.004 

Age (years) 47.9 ± 9.3 41.4 ± 6.2 0.002 

Age at diagnosis (years) 45.2 ± 9.6 38.3 ± 5.4 0.000 
Duration of Diabetes (months) 33.2 ± 17.5 37.7 ± 21.3 0.443 

Data are means ± SD, medians [IQR] or n (%) 
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A- LADA AS A DISTINCT CLINICAL ENTITY 

In the past, DM1-A was invariably considered to be the only form of autoimmune 

diabetes in both children and adults. However, in the last few decades growing 

number of publications have supported the idea of another subtype of adult-onset 

autoimmune diabetes called LADA, presenting slow clinical onset when compared to 

DM1-A, and a faster progression to insulinopenia when compared to DM2. For many 

years, the concept of LADA as a distinct identity has faced many controversies.(154) 

and the adoption of age and insulin criteria’s in defining LADA has been criticized by 

various authors.(113,155) 

In spite of all controversies, the concept about LADA, eponym coined by Zimmet et 

al.(14) is undeniable today. It may be known by any other name but clearly there is a 

sub-group of adult patients, clinically diagnosed as DM2 who are initially non-insulin 

requiring and depict autoimmune markers in serum. To some extent, neither age cut-

off nor the time to insulin treatment means so much. In order to assess the 

prevalence and to characterize LADA in various populations, a standardised 

diagnostic criterion is required. The adoption of standard criterion and valid methods 

to define LADA would facilitate the rational comparison of the disease between 

different populations and a more efficient management for all health providers. 

 

B-COMPARISON OF LADA BETWEEN ASIAN AND WESTERN POPULATIONS. 

B.1. Prevalence of LADA 

Differences in the prevalence of LADA have been observed worldwide probably, due 
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in part, to the heterogeneity of this disease. Past studies involving Indian subjects 

have resulted in inconclusive heterogeneous information which can be attributed to 

the discrepancy in methodology adopted by various investigators to diagnose          

LADA.(92,93,103)  

This thesis investigated the prevalence of adult-onset autoimmune diabetes and 

characterizes the clinical, metabolic and immunological profile of patients diagnosed 

with LADA in Asian Indians. 

In the current study, LADA emerged as the most prevalent form of adult-onset 

autoimmune diabetes. Similar observations of LADA being more prevalent than DM-

1A were reported by a multicenter European Action-LADA study and a study from 

UAE involving a large cohort of adult-onset diabetic subjects.(81,99) As per IDS and 

Action-LADA group diagnostic criteria, based on GADA measurement, the 

prevalence of LADA in our cohort was 6.5% which was surprisingly, exactly similar to 

the LADA prevalence reported in the northern region of China in a large multicenter 

LADA China study.(87) The overall prevalence of LADA in China, based on GADA 

determination, was 5.9%.(87)  

The prevalence of LADA in our study was lower than 9.7% (81) and 11.6% (80) 

observed in European subjects but higher than in a cohort from UAE 2.6%,(99) 

South Korea 1.7%, and 4.4%,(44,227), Japan 3.8% (EHIME study),(88) and North 

America 4.2% (ADOPT study).(96) To ascertain prevalence of adult-onset 

autoimmune diabetes, similar to our study, some studies used only GADA(87,88,96) 

whereas additionally, IA- 2/ICA and/or ZnT8 autoantibodies were used by 

others.(81,99) 

GADA are most frequent and persistent autoantibodies.(228) Among GADA negative 

patients, only small proportion of patients are positive for other diabetes associated 
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autoantibodies. Thus, majority of autoimmune diabetes in adults can be detected by 

using only GADA measurement and GADA only can be used for screening 

LADA(228) specifically, in resource constraint settings in the developing world. The 

expected difference in LADA prevalence using only GADA or GADA along with other 

diabetes autoantibody would not be significant.(81) In the past, low frequency of IA-2 

autoantibody has been reported among adults of North Indian origin (100) and Indo-

Aryan children with DM1.(229) 

Prevalence of LADA in our subjects was highest 13.9 % in individuals aged < 40 

years, this is in contrast to the highest prevalence of 13.9% in patients aged 50-59 

years reported by Xiuying et al. in a small Chinese cohort.(230) However, consistent 

with our results, decreasing trend of LADA prevalence with increasing age was 

evident in large Chinese and European studies.(81) 

DM-1A was not prevalent in our cohort. There are no prevalence data available for 

adult-onset (> 30 years) DM-1A in North Indians but earlier studies have shown the 

prevalence of DM1-A to be lower among children and adolescents in North Indian 

populations than in Caucasians. (229,231,232) 

 

B.2. GAD autoantibodies and other immunogenetic features in LADA. 

Frequency of GADA positivity in our cohort was considerably higher than 1.5% and 

1.6% reported in two large studies involving adult north Indian subjects.(100,102) 

The participants of these two studies had higher mean age and longer duration of 

diabetes than in our study. This can be the possible explanation for the discrepancy 

in results as diabetes autoantibodies in sera tend to disappear with increasing age 

and duration of diabetes.(81,228) Moreover, sensitivity of the assay used for GADA 

measurement in one of these studies was lower than used in our analyses.(102) 
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Prevalence of GADA positivity and LADA in the current study was much lower than 

demonstrated in Southern India.(92,101) This is contrary to the findings observed in 

China and Europe, where compared to north, the frequency of LADA was lower in 

the southern region.(92,101) Interestingly, lower frequency of LADA 2.6% was noted 

in an island nation Srilanka near southern coast of India.(97) It needs to be assessed 

if geographical, climatic and cultural differences within a country or continent directly 

contribute towards regional discrepancies in the prevalence of LADA by conducting 

large scale studies. 

There is not a great discrepancy in the GADA positivity rate in both eastern and 

western populations.(228,233) Islet antigen-reactive T-cell response in LADA reflects 

stronger autoimmune reaction than DM2 but similar to DM1 in both populations.(234) 

Compared to positivity rates for other islet autoantibodies namely IAA, IA-2A and        

ZnT8, Chinese population has been found to have lower positive rates.(228,233) 

In agreement with previous reports, our data also indicate that based on GADA titer 

different subgroups can be identified within LADA.(81,85,87,188) Beside distinct 

clinical and phenotypic features, GADA titer is important in defining the severity of 

disease process and may help in the selection of appropriate therapeutic choices. It 

has been shown that high-GADA titer patients have tendency of greater HLA 

association for autoimmune diabetes.(85,131,235) Data from both west and east has 

shown that high risk HLA haplotypes are associated with younger age, lower β-cell 

function, leaner body shape, and presence of multiple islet autoantibodies.(83,86–

88,236) In Asian Chinese, most common susceptible HLA-DQ genes are moderate 

risk haplotypes DQA1*03-DQB1*0303, DQA1*03-DQB1*0401, and DQA1*05-

DQB1*0201and protective haplotype DQA1*0102-DQB1*0602(126,234) whereas 

Caucasian patients with LADA show increased frequency of high risk susceptible 
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DRB1*03/DRB1*04-DQB1*0302 haplotype. β- cell damage in Asians may be less 

severe as in comparison to Caucasians, Chinese LADA subjects have moderate 

immune-genotype.(83,237) 

Most recently, in Chinese population, discrepancy between LADA and DM1 has 

been noted in the risk conferred by HLA-DRB1-DQA1-DQB1 loci. Conferred risk 

significantly differs from those patients with Caucasian roots. This observation may 

provide further insight in understanding ethiopathogenesis of patients with LADA in 

Asia.(236) Both Asian and Caucasian LADA patients have inflammatory cytokines 

and/or chemokines including interleukin (IL)-6, lipocalin 2, and TNF-α similar to those 

in DM1 subjects.(238,239) LADA and DM1 patients have similar adhesion molecules 

(soluble (s) E-selectin, soluble intercellular adhesion molecule (ICAM)-1, and soluble 

vascular cell adhesion molecule (VCAM)-1) and chemokines (CCL2, CCL3, and 

CCL4).(240)  

 

B.3. Serum C-Peptide levels in LADA. 

Compared to DM2 patients, serum C-peptide concentration in the current study were 

lower in LADA patients. This difference was evident up to 36 months from diagnosis 

and contrary to Spanish data (124) the difference remained even after 36 months of 

duration. In The Spanish LADA Study, it was observed that fasting C-peptide 

concentration in LADA patients was higher than in DM1 subjects but was lower than 

in DM2 patients (p < 0.01). However, this difference in C-peptide was seen only 

during first 36 months of the disease. Thereafter, overlapping of C-peptide 

concentrations in LADA patients with that of DM1 and DM2 subjects was noticed. In 

comparison to patients with DM2, faster progression to insulin treatment from the 

diagnosis of diabetes was observed in LADA patients. Hazard ratio for insulin
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treatment in LADA compared with DM2 was quite elevated (mean value, 8.34; 

p<0.001).(124)  

Analysis of stimulated C-peptide secretion using the mixed-meal tolerance test 

revealed that patients with LADA have a lower stimulated C-peptide response than 

the DM2 group and a higher response than the DM1 group.(128) In adults, fasting C-

peptide and C-peptide secretion after oral glucose are decreased in GADA positive 

patients.(80,82,83)  

An inverse relation between GADA titres and C-peptide has been reported in LADA 

patients with rapid progression to insulin therapy.(82,83,124) This observation might 

explain the higher incidence of insulin treatment in patients with higher GADA titres. 

Evidence of insulitis in LADA patients was confirmed by increased pancreatic (99m) 

Tc-IL-2 uptake during pancreatic scintigraphy and MRI. An inverse association 

between (99m) Tc-IL-2 uptake in LADA patients and duration of disease was 

found.(241) Better glycaemic control and less requirement of insulin have been 

observed in patients with low GAD65Ab titers. However, no correlation was seen in 

IA-2 index with HbA1c.(242) The Wadena City Health Study demonstrated that in 

non–diabetic adults, insulin secretion is undiminished with age in response to orally 

administered mixed meal. (243)  

 

B.4. Insulin resistance and metabolic syndrome in LADA 

Insulin resistance may vary from low in DM1 to high in DM2. It is known that insulin 

resistance (IR) does not have any significant role in the disease process of 

autoimmune DM1. 
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However, there are controversies related to the contribution of IR in the 

pathophysiology of LADA. It has been hypothesized that insulin resistance may play 

a unique role in LADA. In contrast to DM1 and DM2, in LADA, anti-islet 

autoimmunity, non-autoimmune β-cell dysfunction and increased IR are three 

mechanism that are supposed to contribute in the disease process.(129) In an 

ongoing autoimmune destructive process of islet β-cells, diabetes occurs when 

insulin secretion is not able to meet the high demands rendered by IR that varies 

from low in DM1 to high in DM2.(129) 

Reports have revealed that LADA patients have lower degree of IR than in DM2 but 

comparable to DM1. Compared to normal population, higher degree of insulin 

resistance was observed in LADA and DM2 patients.(244) Among Chinese 

population, Li et al showed a close association between LADA and MS. (245) 

Positive correlation has been seen between BMI with insulin resistance (IR) both in 

LADA and DM2.(96)142 Lower BMI has been noted in patients with LADA as 

compared to DM2 patients.(96,246) However, some studies failed to show any 

significant difference.(247) 

In Action LADA 3 Study, significantly, higher prevalence of metabolic syndrome has 

been reported in patients with DM2 than in patients with LADA or adult DM1. 

Significant difference was noted in the frequency of MS in DM1 (31.9%) and LADA 

(41.9%) (p=0.015). Frequency in both groups was less than in DM2 patients (88.8%) 

(p<0.0001, for each). The same study concluded that metabolic syndrome does not 

characterize autoimmune diabetes. No significant difference in the prevalence of 

metabolic syndrome was reported in control subjects and autoimmune diabetes if 

glucose was eliminated as a variable.(131)  

In The Spanish LADA Study, the prevalence of MS was higher among LADA patients
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than in patients with DM1, but lower than in patients with DM2.(124) Similarly, LADA 

China study exhibited the presence of MS in LADA, although the prevalence was 

lower than in DM2 (62% vs 75.5%).(87) As a result of IR in LADA the risk of MS and 

cardiovascular complications may necessitate it to be considered as a therapeutic 

target.(129)  

Similar to European and Chinese cohorts, current study showed that MS is more 

common in DM2 subjects than in LADA subjects. Frequency of MS among LADA 

subjects in our study was 44.4%, slightly higher than 41.9% in European LADA 

subjects.(131) but much lower than 62% reported in Chinese                              

LADA subjects.(87) Our data further indicates that MS is not prevalent in LADA 

patients with high-GADA titer. Compared with LADA patients without MS, all LADA 

patients with MS tended to be female. The current study is the first to describe MS in 

Indian LADA subjects. 

 

  

B.5. Clinical features and therapeutic considerations in LADA.  

Characteristics of LADA among European, Chinese and Arab populations are 

remarkably different from GADA-negative DM2 subjects.(81,87,99) In accordance, 

patients with LADA in our cohort, compared with DM2 patients, were younger at 

recruitment and onset of diabetes, had lower abdominal circumference, triglycerides, 

fasting C-peptide (FCP) and frequency of MS. As in Caucasians and 

Chinese,(81,87) characteristics of LADA patients with high-GADA titer in our study 

were significantly different than low-GADA titer LADA patients. Patients with high- 

GADA titer, compared with low-GADA titer, were more likely to be male, leaner and 

on insulin treatment with lower frequency of MS.  
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Fasting C-Peptide levels were lower in high- GADA titer patients. Age difference 

between high-GADA and low-GADA patients was not significant. Contrary to our 

findings, compared to low-GADA patients, European high-GADA patients tended to 

be female and younger. Other observations were nearly similar to those reported in 

large European Action LADA-7 and LADA China study. Further, our data show that 

compared to LADA high-GADA titer subjects, DM2 subjects had significantly higher 

systolic blood pressure (SBP) and BMI. Interestingly, this difference was not evident 

on comparison of total LADA patients with DM2 patients. 

In our analysis, LADA patients with low-GADA titer did not significantly differ from 

DM2 patients. This observation is in accordance with Asian Chinese data (228,248) 

but contradictory to European data that showed difference between low-GADA titer 

and DM2 subjects. 

We also looked at common and differentiating features associated with insulin 

requirements among LADA and DM2 subjects. Both insulin treated LADA and DM2 

subjects had longer duration of diabetes, lower abdominal circumference and lower 

fasting C-Peptide levels than noninsulin treated subjects. Insulin treated DM2 

subjects, additionally, had a significantly lower BMI and SBP compared with non-

insulin treated DM2 subjects. Our results are in contrast to those of Radke et al.(82) 

who reported that insulin treated DM2 patients were more obese than non-insulin 

treated DM2 patients.(82) 

Our findings show that longer disease duration and lean phenotype is associated 

with insulin treatment in both LADA and DM2 subjects. Further, comparison of 

insulin-treated patients with LADA and insulin treated DM2 patients revealed 

significantly lower SBP and fasting C- peptide in insulin-treated LADA patients. 

Possibly, the factors necessitating insulin initiation, in LADA and DM2, are not
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exactly the same. 

In comparison to insulin-treated LADA subjects, higher SBP among insulin-treated 

DM2 subjects in our study, probably indicate towards a possible association between 

insulin treatment and insulin resistance along with insulin deficiency. Although, other 

features of insulin resistance like BMI, waist circumference, DBP did not attain 

statistical significance but were higher in insulin treated DM2 patients than insulin 

treated LADA patients. 

Above, we have shown that higher proportion of high-GADA titer LADA subjects 

were treated with insulin compared to low-GADA titer LADA subjects. In insulin 

treated LADA subjects, insulin treatment was linked to β-cell failure and 

autoimmunity. Low number of insulin treated patients in our study limits the 

interpretation but these observations are somewhat in line with those reported in 

HUNT study by Radke et al.(82) 

Although, not statistically significant but similar to Spanish data, our results also 

showed faster progression to first insulin treatment in LADA patients compared with 

DM2 patients.(124) Unlike other reports, the proportion of LADA and DM2 subjects 

on insulin therapy was relatively less in our cohort.(81,82,87,124) This can be 

probably explained by the fact that generally, compared to others, in India, there is a 

resistance to insulin therapy among patients and physicians delaying the insulin 

initiation longer.(249) 

Even though, inconclusive, but our research data presents some apparently new 

information. In our cohort, GADA titers in LADA patients showed some association 

with gender. Patients with high-GADA were all male whereas low-GADA patients 

were mostly female. MS was absent in LADA patient with high-GADA titre probably 

indicating no role of IR in the pathogenesis of high-GADA titer LADA. Among LADA
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patients MS was predominant in female sex. These observations probably suggest 

likeliness of presence of higher IR among female LADA patients as compared to 

male LADA patients.  

There was no significant difference between LADA patients with low GADA titers and 

DM2. This finding probably hints towards a possibility that LADA patients with low-

GADA titer are somewhat similar to DM2 patients as far as metabolic features and β-

cell function is concerned and may necessitate development of different therapeutic 

strategies in LADA based on GADA titers. As this was in concordance with Chinese 

population(87) but contrary to European data(81) the role of ethnicity in this regard 

also needs to be investigated. 

Presumably, one standard treatment strategy will not be suitable for all LADA 

patients. Further, our results show that the difference in C-Peptide levels between 

LADA and DM2 patients persisted even after 36 months of duration possibly, 

because of better β-cell function in South Asians DM2 patients as compared to 

Caucasians.(250) 

Our results indicate that LADA represents 6.5 % of cases among adult-onset 

diabetes in a region of north India. LADA is a prevalent form of adult-onset 

autoimmune diabetes and not rare. LADA patient have distinct phenotypic and 

metabolic features with lower residual β-cell function than DM2 patients. These 

patients are generally misdiagnosed with DM2 and generally receive sulphonylurea 

therapy for years, which, further exhausts β-cells and aggravates the autoimmune 

process.(203) 

It becomes increasingly important to screen LADA patients early to avoid use of β- 

cell damaging therapies and achieve optimal metabolic control in these patients. At 

times, due to resource and economic constraints in the developing world, routine
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screening with diabetes autoantibodies is not always performed. Not necessarily, but 

different phenotypic and metabolic features of LADA may help treating physicians 

identify patients for potential antibody screening. 

Though, there are no optimal management strategies for LADA in place but insulin 

treatment alone or along with therapies that tend to preserve β-cells may help in 

achieving tight metabolic control in majority of LADA patients. Tight glycemic control 

in LADA may slow down the rapid decline in β-cell function.(251) 

As antibody titers define the severity of disease, LADA patients with high-GADA 

titers, needs to be closely monitored to assess deterioration in glycemic control and 

β-cell function. Probably, due to similarities with DM2, LADA patients with low-GADA 

titers may additionally require therapies targeting insulin resistance and thus 

reducing cardiovascular complications. 

With the ultimate aim of improving the management of LADA patients, in future, large 

scale studies using validated methods are required to have an improved 

understanding on various aspects of LADA and establish optimal preventive and 

treatment strategies for LADA. Diagnosing LADA solely on the basis of autoantibody 

detection poses a challenge as titer of auto antibodies may fluctuate and disappear 

with time.(228) 

Due to overlapping of certain features, in addition to antibody assays, other novel 

markers should be identified to differentiate LADA and DM2 at an early stage. Global 

collaboration using standardised assays and diagnostic criteria is required to obtain 

insights into ethnic differences in LADA. 
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1- LADA represents 6.5% of cases among all adult-onset diabetes in a region of 

Northern India, considerably a higher frequency than reported in two previous 

studies. In diabetic subjects diagnosed at 31-40 years of age, the frequency 

detected of LADA was 13.9%. A decreasing trend of LADA with increasing age was 

suggested, similar to reports from Chinese and European publications. 

 

2- In our study, LADA was the prevalent subtype of adult-onset autoimmune 

diabetes, in agreement with earlier reports showing lower prevalence of DM-1A 

among children and adolescents in Northern India. In this investigated population, 

the prevalence of LADA was much lower than previously reported in Southern India. 

 

3- The group of subjects with diagnosis of LADA were younger, and presented lower 

abdominal circumference, serum C-peptide and triglycerides levels at fasting than 

the group of subjects with DM2 from the same area of Northern India. 

 

4- In our study, LADA patients depicting high titers of GADA in their sera at the time 

of diagnosis, were more likely to be male, leaner, and insulin- treated, and less likely 

to display systolic hypertension and the metabolic syndrome. 

 

5- In the same investigated population, LADA patients depicting low titers of GADA 

in their sera were mostly females, and they did not show phenotypic differences than 

DM-2 patients, similar to data reported for Asian Chinese population, in contradiction 

to the data reported for European population. 
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6- In comparison to subjects with DM2, serum C-peptide levels at fasting at the time 

of diagnosis were lower in LADA patients in the current study. This difference 

remained after 36 months, contrary to data of Spanish LADA Study. 

  

Concluding remarks. 

 

A- We acknowledge that due to small number of subjects in LADA group, our results 

cannot be generalized. Furthermore, due to the inclusion of patients with disease 

duration up to five years after diagnosis, LADA cases might have been 

underestimated as GADA titer may fluctuate and decrease over time.(228) 

 

B- Nevertheless, to best of our knowledge, this is the first study in the region of 

Northern India providing original insights into clinical, metabolic and immunological 

characteristics of patients with LAD 
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Most patients with adult-onset autoimmune diabetes are non-insulin requiring at 

least, in the first few months after diagnosis. However, as discussed earlier the 

criteria of age at onset and insulin free period are arbitrary. In clinical practice, 

substantial number of patients who initially present as DM2 may actually have 

decline in β-cell function due to autoimmune mediated damage of beta cells. Due to 

the slow progression, if not diagnosed early in the disease process, these patients 

may eventually be managed with OHA’s especially SU’s for years particularly in the 

developing world. The suboptimal glycaemic control will lead to more long term 

complications of diabetes.  

Because of ongoing autoimmune process in LADA, merely achieving the glycaemic 

control does not seem to be an adequate treatment strategy. The emphasis should 

be to explore all possible treatment options that may ultimately help in β-cell 

preservation and regeneration as preserved insulin secretion capacity has shown 

better clinical results.(252) In comparison to DM1-A with rapid disease progression, 

treatment strategies with potential to preserve and regenerate β-cells may prove to 

be beneficial in LADA due to its slower progression. It has been shown that drugs in 

this regard currently approved for the treatment of DM2 may be used for LADA 

treatment.(252) Current data supports only a possible protective effect of incretin 

hormones on human β-cells, reducing apoptosis however, in animal models 

glucagon-like peptide 1 (GLP1) has shown to induce β-cell self-renewal, reduces β-

cell apoptosis and promotes β-cell neogenesis from ductal cell precursors. LADA 

patients are less likely to benefit from incretins than patients with DM2 in terms of 

reductions in levels of glycaemia however this observation does not rule out the 

possibility of GLP1 receptor agonists in terms of β-cell protection suggested by 

17% reduction in insulin doses when used with insulin even in those with low C-
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Peptide levels.(253) Dipeptidyl peptidase 4 (DPP4) inhibitors like sitagliptin, 

linagliptin and saxagliptin have also shown some beneficial effects in terms of β-cell 

protection.(209,254,255) Most recently, a Japanese pilot trial demonstrated that 

compared to insulin, treatment with sitagliptin may be more effective in preserving 

β-cell function for at least 4 years possibly through immune modulatory effects of 

DPP4 inhibitors.(256) Large scale clinical trials with longer duration are required to 

get a further clarity in this matter. 

The role of insulin sensitizers like metformin in the treatment of LADA needs to be 

further looked into considering the evidence of presence of IR in LADA. Currently, 

there are no controlled trials available on effect of metformin alone in LADA. Use of 

metformin alone or in combination with other available drugs (OHAs and insulin) is 

a matter of uncertainty. So far no reports either favouring or discouraging its use 

are available.(74) Rosiglitazone, insulin sensitizer of thiazolidinedione class has 

shown encouraging results when used along with insulin. β-cell function remained 

stable in those who were receiving rosiglitazone with insulin.(252,257) However, 

concerns about harmful cardiovascular effects of rosiglitazone should be kept in 

mind.(258)  In spite of heterogeneity seen in the prevalence, clinical features and 

diagnostic criteria’s used in various studies with different ethnic population it is 

known that a condition presently known by name LADA exits and should be 

diagnosed early in the disease process. Although, this condition may be known by 

any other names as mentioned earlier but it is important to classify this condition as 

it may have therapeutic implications.  

Because of the clinical, immunogenetic and metabolic heterogeneity of LADA seen 

in various populations, the results of studies done in one particular population 

cannot be extrapolated to other ethnic groups. More studies are required from 
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populations with different ethnic backgrounds to correctly classify this sub-group 

and further investigate possibilities of future treatment options. 

 



BIBLIOGRAPHY 

86 

      

 

 

 

           BIBLIOGRAPHY                                                                                

 

 

 

                                                                                    

 

 



BIBLIOGRAPHY 

 

87 

                                                               

1.  Diagnosis and classification of diabetes mellitus. Diabetes Care. 2004 Jan;27 

Suppl 1:S5–10.  

2.  International Diabetes Federation. IDF Diabetes. IDF Diabetes Atlas. 7th ed. 

Brussels, Belgium: International Diabetes Federation; 2015.  

3.  WHO |Global report on diabetes. WHO. World Health Organization; 2017;  

4.  American Diabetes Association AD. 2. Classification and Diagnosis of 

Diabetes. Diabetes Care. American Diabetes Association; 2017 Jan 

1;40(Suppl 1):S11–24.  

5.  Ramachandran A, Mary S, Yamuna A, Murugesan N, Snehalatha C. High 

prevalence of diabetes and cardiovascular risk factors associated with 

urbanization in India. Diabetes Care. 2008 May;31(5):893–8.  

6.  Tandon N. what can we learn from diabetes epidemiology in developing 

region? In: Diabetes in Asia, IDF World Diabetes congress, Abstract book. 

2011. p. 17.  

7.  Rao CR, Kamath VG, Shetty A, Kamath A. A cross-sectional analysis of 

obesity among a rural population in coastal Southern Karnataka, India. 

Australas Med J. 2011 Jan;4(1):53–7.  

8.  Mohan V, Deepa R. Obesity & abdominal obesity in Asian Indians. Indian J 

Med Res. 2006 May;123(May):593–6.  

9.  Misra A, Khurana L. Obesity-related non-communicable diseases: South 

Asians vs White Caucasians. Int J Obes. 2011 Feb 20;35(2):167–87.  

10.  Tuomi T, Groop LC, Zimmet PZ, Rowley MJ, Knowles W, Mackay IR. 

Antibodies to glutamic acid decarboxylase reveal latent autoimmune diabetes 

mellitus in adults with a non-insulin-dependent onset of disease. Diabetes. 



BIBLIOGRAPHY 

 

88 

         1993 Feb;42(2):359–62.  

11.  Zimmet PZ, Tuomi T, Mackay IR, Rowley MJ, Knowles W, Cohen M, et al. 

Latent autoimmune diabetes mellitus in adults (LADA): the role of antibodies to 

glutamic acid decarboxylase in diagnosis and prediction of insulin dependency. 

Diabet Med. 1994 Apr;11(3):299–303.  

12.  Leslie RDG, Williams R, Pozzilli P. Clinical review: Type 1 diabetes and latent 

autoimmune diabetes in adults: one end of the rainbow. J Clin Endocrinol 

Metab. 2006 May;91(5):1654–9.  

13.  Turner R, Stratton I, Horton V, Manley S, Zimmet P, Mackay IR, et al. UKPDS 

25: autoantibodies to islet-cell cytoplasm and glutamic acid decarboxylase for 

prediction of insulin requirement in type 2 diabetes. UK Prospective Diabetes 

Study Group. Lancet (London, England). 1997 Nov 1;350(9087):1288–93.  

14.  Leslie RDG, Kolb H, Schloot NC, Buzzetti R, Mauricio D, de Leiva A, et al. 

Diabetes classification: grey zones, sound and smoke: Action LADA 1. 

Diabetes Metab Res Rev. 2008 Oct;24(7):511–9.  

15.  Maddaloni E, D’Onofrio L, Pozzilli P. Frailty and geography: should these two 

factors be added to the ABCDE contemporary guide to diabetes therapy? 

Diabetes Metab Res Rev. 2016 Feb;32(2):169–75.  

16.  National Diabetes Data Group. Classification and Diagnosis of Diabetes 

Mellitus and Other Categories of Glucose Intolerance. Diabetes. 1979 Dec 

1;28(12):1039–57.  

17.  Report of the Expert Committee on the Diagnosis and Classification of 

Diabetes Mellitus. Diabetes Care. 1997 Jul;20(7):1183–97.  

18.  Genuth S, Alberti KGMM, Bennett P, Buse J, Defronzo R, Kahn R, et al. 

Follow-up Report on the Diagnosis of Diabetes Mellitus. Diabetes Care. 2003 



BIBLIOGRAPHY 

 

89 

          Nov 24;26(11):3160–7.  

19.  The Expert Committee on the Diagnosis and Classification of Diabetes 

Mellitus*. Follow-up Report on the Diagnosis of Diabetes Mellitus. Diabetes 

Care. 2003 Oct 24;26(11):3160–7.  

20.  Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes 

mellitus and its complications. Part 1: diagnosis and classification of diabetes 

mellitus provisional report of a WHO consultation. Diabet Med. 1998 Jul 

1;15(7):539–53.  

21.  Diagnosis and classification of diabetes mellitus. Diabetes Care. 2010 Jan;33 

Suppl 1:S62-9.  

22.  Tuomi T, Santoro N, Caprio S, Cai M, Weng J, Groop L. The many faces of 

diabetes: a disease with increasing heterogeneity. Lancet (London, England). 

2014 Mar 22;383(9922):1084–94.  

23.  Karvonen M, Viik-Kajander M, Moltchanova E, Libman I, LaPorte R, 

Tuomilehto J. Incidence of childhood type 1 diabetes worldwide. Diabetes 

Mondiale (DiaMond) Project Group. Diabetes Care. 2000 Oct;23(10):1516–26.  

24.  Ramachandran A, Snehalatha C, Krishnaswamy C V. Incidence of IDDM in 

children in urban population in southern India. Madras IDDM Registry Group 

Madras, South India. Diabetes Res Clin Pract. 1996 Oct;34(2):79–82.  

25.  Kalra S, Kalra B, Sharma A. Prevalence of type 1 diabetes mellitus in Karnal 

district, Haryana state, India. Diabetol Metab Syndr. 2010 Jan;2:14.  

26.  Karjalainen J, Salmela P, Ilonen J, Surcel HM, Knip M. A comparison of 

childhood and adult type I diabetes mellitus. N Engl J Med. 1989 Apr 

6;320(14):881–6.  

27.  Sridhar GR, Nagamani G. Clinical association of autoimmune diseases with 



BIBLIOGRAPHY 

 

90 

          diabetes mellitus: analysis from southern India. Ann N Y Acad Sci. 2002 

Apr;958:390–2.  

28.  Knip M, Siljander H. Autoimmune mechanisms in type 1 diabetes. Autoimmun 

Rev. 2008 Jul;7(7):550–7.  

29.  Devendra D, Liu E, Eisenbarth GS. Type 1 diabetes: recent developments. 

BMJ. 2004 Mar 27;328(7442):750–4.  

30.  Nerup J, Andersen OO, Bendixen G, Egeberg J, Gunnarsson R, Kromann H, 

et al. Cell-mediated immunity in diabetes mellitus. Proc R Soc Med. 1974;67(6 

Pt 1):506–13.  

31.  Mehers KL, Gillespie KM. The genetic basis for type 1 diabetes. Br Med Bull. 

2008 Dec 5;88(1):115–29.  

32.  M. K. The Genetics of Type 1 Diabetes. In: Type 1 Diabetes - Pathogenesis, 

Genetics and Immunotherapy. InTech; 2011.  

33.  La Torre D, Lernmark A. Immunology of beta-cell destruction. Adv Exp Med 

Biol. 2010 Jan;654:537–83.  

34.  Eisenbarth GS, Jeffrey J. The natural history of type 1A diabetes. Arq Bras 

Endocrinol Metabol. 2008 Mar;52(2):146–55.  

35.  Pihoker C, Gilliam LK, Hampe CS, Lernmark A. Autoantibodies in diabetes. 

Diabetes. 2005 Dec;54 Suppl 2:S52-61.  

36.  Gorsuch AN, Lister J, Dean BM, Spencer KM, Mcnally JM, Bottazzo GF, et al. 

Evidence for a long prediabetic period in TYPE I (Insulin-Dependent) Diabetes 

Mellitus. Lancet. Elsevier; 1981 Dec;318(8260–8261):1363–5.  

37.  Effects of insulin in relatives of patients with type 1 diabetes mellitus. (Diabetes 

Prevention Trial--Type 1 Diabetes study group). N Engl J Med. 2002 May 

30;346(22):1685–91.  



BIBLIOGRAPHY 

 

91 

38.  Eisenbarth GS. Type I diabetes mellitus. A chronic autoimmune disease. N 

Engl J Med. 1986 May 22;314(21):1360–8.  

39.  Itoh N, Hanafusa T, Miyazaki A, Miyagawa J, Yamagata K, Yamamoto K, et al. 

Mononuclear cell infiltration and its relation to the expression of major 

histocompatibility complex antigens and adhesion molecules in pancreas 

biopsy specimens from newly diagnosed insulin-dependent diabetes mellitus 

patients. J Clin Invest. 1993 Nov;92(5):2313–22.  

40.  Tisch R, Wang B. Dysrulation of T cell peripheral tolerance in type 1 diabetes. 

Adv Immunol. 2008 Jan;100:125–49.  

41.  Ott PA, Dittrich MT, Herzog BA, Guerkov R, Gottlieb PA, Putnam AL, et al. T 

cells recognize multiple GAD65 and proinsulin epitopes in human type 1 

diabetes, suggesting determinant spreading. J Clin Immunol. 2004 

Jul;24(4):327–39.  

42.  Noble JA, Erlich HA. Genetics of type 1 diabetes. Cold Spring Harb Perspect 

Med. 2012 Jan;2(1):a007732.  

43.  Kelly MA, Rayner ML, Mijovic CH, Barnett AH. Molecular aspects of type 1 

diabetes. Mol Pathol. 2003 Feb;56(1):1–10.  

44.  Park YS, Wang CY, Ko KW, Yang SW, Park M, Yang MC, et al. Combinations 

of HLA DR and DQ molecules determine the susceptibility to insulin-dependent 

diabetes mellitus in Koreans. Hum Immunol. 1998 Dec;59(12):794–801.  

45.  Resic-Lindehammer S, Larsson K, Ortqvist E, Carlsson A, Cederwall E, Cilio 

CM, et al. Temporal trends of HLA genotype frequencies of type 1 diabetes 

patients in Sweden from 1986 to 2005 suggest altered risk. Acta Diabetol. 

2008 Dec;45(4):231–5.  

46.  Carlsson A, Kockum I, Lindblad B, Engleson L, Nilsson A, Forsander G, et al. 



BIBLIOGRAPHY 

 

92 

          Low risk HLA-DQ and increased body mass index in newly diagnosed type 1 

diabetes children in the Better Diabetes Diagnosis study in Sweden. Int J Obes 

(Lond). 2012 May;36(5):718–24.  

47.  Guérin V, Léniaud L, Pédron B, Guilmin-Crépon S, Tubiana-Rufi N, Sterkers 

G. HLA-associated genetic resistance and susceptibility to type I diabetes in 

French North Africans and French natives. Tissue Antigens. 2007 

Sep;70(3):214–8.  

48.  Urcelay E, Santiago JL, de la Calle H, Martínez A, Méndez J, Ibarra JM, et al. 

Type 1 diabetes in the Spanish population: additional factors to class II HLA-

DR3 and -DR4. BMC Genomics. 2005 Jan;6(1):56.  

49.  Ikegami H, Kawabata Y, Noso S, Fujisawa T, Ogihara T. Genetics of type 1 

diabetes in Asian and Caucasian populations. Diabetes Res Clin Pract. 

Elsevier; 2007 Sep 9;77(3):S116–21.  

50.  Murao S, Makino H, Kaino Y, Konoue E, Ohashi J, Kida K, et al. Differences in 

the contribution of HLA-DR and -DQ haplotypes to susceptibility to adult- and 

childhood-onset type 1 diabetes in Japanese patients. Diabetes. 2004 

Oct;53(10):2684–90.  

51.  Abiru N, Kawasaki E, Eguch K. Current knowledge of Japanese type 1 diabetic 

syndrome. Diabetes Metab Res Rev. Jan;18(5):357–66.  

52.  Mehra NK, Kumar N, Kaur G, Kanga U, Tandon N. Biomarkers of susceptibility 

to type 1 diabetes with special reference to the Indian population. Indian J Med 

Res. 2007 Mar;125(3):321–44.  

53.  Wang J-P, Zhou Z-G, Lin J, Huang G, Zhang C, Yang L, et al. Islet 

autoantibodies are associated with HLA-DQ genotypes in Han Chinese 

patients with type 1 diabetes and their relatives. Tissue Antigens. 2007 



BIBLIOGRAPHY 

 

93 

          Nov;70(5):369–75.  

54.  Mehra NK, Kaur G, Kanga U, Tandon N. Immunogenetics of autoimmune 

diseases in Asian Indians. Ann N Y Acad Sci. 2002 Apr;958:333–6.  

55.  Weitkamp LR. HLA and disease: predictions for HLA haplotype sharing in 

families. Am J Hum Genet. 1981 Sep;33(5):776–84.  

56.  Rani R, Sood A, Lazaro AM, Stastny P. Associations of MHC class II alleles 

with insulin-dependent diabetes mellitus (IDDM) in patients from North India. 

Hum Immunol. 1999 Jun;60(6):524–31.  

57.  Rani R, Sood A, Goswami R. Molecular basis of predisposition to develop type 

1 diabetes mellitus in North Indians. Tissue Antigens. 2004 Aug;64(2):145–55.  

58.  Sanjeevi C b. B, Kanungo A, Shtauvere A, Samal K., Tripathi B. Association of 

HLA class II alleles with different subgroups of diabetes mellitus in Eastern 

India identify different associations with IDDM and malnutrition-related 

diabetes. Tissue Antigens. 1999 Jul;54(1):83–7.  

59.  Mbanya JC, Sobngwi E, Mbanya DN. HLA-DRB1, -DQA1, -DQB1 and DPB1 

susceptibility alleles in Cameroonian type 1 diabetes patients and controls. Eur 

J Immunogenet. 2001 Aug;28(4):459–62.  

60.  Kanatsuna N, Papadopoulos GK, Moustakas AK, Lenmark A, Lenmark Å. 

Etiopathogenesis of Insulin Autoimmunity. Anat Res Int. 2012 Jan;2012:1–20.  

61.  Aguiree F BA. IDF Diabetes Atlas. 6th ed. Brussels, Belgium; 2013.  

62.  Chandak GR, Janipalli CS, Bhaskar S, Kulkarni SR, Mohankrishna P, 

Hattersley AT, et al. Common variants in the TCF7L2 gene are strongly 

associated with type 2 diabetes mellitus in the Indian population. Diabetologia. 

2007 Jan;50(1):63–7.  

63.  Mayans S, Lackovic K, Lindgren P, Ruikka K, Ågren Å, Eliasson M, et al. 



BIBLIOGRAPHY 

 

94 

          TCF7L2 polymorphisms are associated with type 2 diabetes in northern 

Sweden. Eur J Hum Genet. 2007 Mar;15(3):342–6.  

64.  Singhal D.P. Histocompatability testing. In: Dausset, J, Colombani J, editor. 

Munsgaard; Copen Hagen; 1972. p. 179–86.  

65.  Basham A. L. No Title. In: Jackson S, editor. In the Wonder That Was India. 

London; 1982. p. 28–30.  

66.  Harris, R., Wentzel, J., Carroll, C.A. and Jennison R. HLA frequencies in West 

Pakistanis (Punjabi) in the United Kingdom. In: Histocompatibility testing. 

Copenhagen: Munksgaard; 1972. p. 163.  

67.  Mehra NK, Malaviya AN. HLA system: application in clinical medicine. J Assoc 

Physicians India. 1983 Mar;31(3):167–72.  

68.  Bhatia E, Mehra NK, Taneja V, Vaidya MC, Ahuja MM. HLA-DR antigen 

frequencies in a North Indian type I diabetic population. Diabetes. 1985 

Jun;34(6):565–7.  

69.  Kanga U, Vaidyanathan B, Jaini R, Menon PSN, Mehra NK. HLA haplotypes 

associated with type 1 diabetes mellitus in North Indian children. Hum 

Immunol. 2004 Jan;65(1):47–53.  

70.  Melton LJ, Palumbo PJ, Chu CP. Incidence of diabetes mellitus by clinical 

type. Diabetes Care. Jan;6(1):75–86.  

71.  Laakso M, Pyörälä K. Age of onset and type of diabetes. Diabetes Care. 

Jan;8(2):114–7.  

72.  Naik RG, Brooks-Worrell BM, Palmer JP. Latent autoimmune diabetes in 

adults. J Clin Endocrinol Metab. 2009 Dec;94(12):4635–44.  

73.  van Deutekom AW, Heine RJ, Simsek S. The islet autoantibody titres: their 

clinical relevance in latent autoimmune diabetes in adults (LADA) and the 



BIBLIOGRAPHY 

 

95 

          classification of diabetes mellitus. Diabet Med. 2008 Feb;25(2):117–25.  

74.  Laugesen E, Østergaard JA, Leslie RDG. Latent autoimmune diabetes of the 

adult: current knowledge and uncertainty. Diabet Med. 2015 Jul;32(7):843–52.  

75.  Kuzuya T, Matsuda A. Classification of diabetes on the basis of etiologies 

versus degree of insulin deficiency. Diabetes Care. 1997 Feb;20(2):219–20.  

76.  Howson JMM, Rosinger S, Smyth DJ, Boehm BO, Todd JA. Genetic analysis 

of adult-onset autoimmune diabetes. Diabetes. 2011 Oct 1;60(10):2645–53.  

77.  Van der Auwera B, Van Waeyenberge C, Schuit F, Heimberg H, Vandewalle 

C, Gorus F, et al. DRB1*0403 protects against IDDM in Caucasians with the 

high-risk heterozygous DQA1*0301-DQB1*0302/DQA1*0501-DQB1*0201 

genotype. Belgian Diabetes Registry. Diabetes. 1995 May;44(5):527–30.  

78.  Neifing JL, Greenbaum CJ, Kahn SE, McCulloch DK, Barmeier H, Lernmark A, 

et al. Prospective evaluation of beta-cell function in insulin autoantibody-

positive relatives of insulin-dependent diabetic patients. Metabolism. 1993 

Apr;42(4):482–6.  

79.  McCulloch DK, Palmer JP. The appropriate use of B-cell function testing in the 

preclinical period of type 1 diabetes. Diabet Med. 1991 Nov;8(9):800–4.  

80.  Turner R, Stratton I, Horton V, Manley S, Zimmet P, Mackay IR, et al. UKPDS 

25: autoantibodies to islet-cell cytoplasm and glutamic acid decarboxylase for 

prediction of insulin requirement in type 2 diabetes. UK Prospective Diabetes 

Study Group. Lancet (London, England). 1997 Nov 1;350(9087):1288–93.  

81.  Hawa MI, Kolb H, Schloot N, Beyan H, Paschou S a., Buzzetti R, et al. Adult-

onset autoimmune diabetes in Europe is prevalent with a broad clinical 

phenotype: Action LADA 7. Diabetes Care. 2013 Apr;36(4):908–13.  

82.  Radtke MA, Midthjell K, Nilsen TIL, Grill V. Heterogeneity of patients with latent 



BIBLIOGRAPHY 

 

96 

          autoimmune diabetes in adults: linkage to autoimmunity is apparent only in 

those with perceived need for insulin treatment: results from the Nord-

Trøndelag Health (HUNT) study. Diabetes Care. 2009 Feb;32(2):245–50.  

83.  Tuomi T, Carlsson  a, Li H, Isomaa B, Miettinen  a, Nilsson A, et al. Clinical 

and genetic characteristics of type 2 diabetes with and without GAD 

antibodies. Diabetes. 1999 Jan;48(1):150–7.  

84.  Hawa MI, Buchan AP, Ola T, Wun CC, DeMicco DA, Bao W, et al. LADA and 

CARDS: a prospective study of clinical outcome in established adult-onset 

autoimmune diabetes. Diabetes Care. 2014 Jun;37(6):1643–9.  

85.  Buzzetti R, Di Pietro S, Giaccari A, Petrone A, Locatelli M, Suraci C, et al. High 

titer of autoantibodies to GAD identifies a specific phenotype of adult-onset 

autoimmune diabetes. Diabetes Care. 2007 Apr;30(4):932–8.  

86.  Maioli M, Pes GM, Delitala G, Puddu L, Falorni A, Tolu F, et al. Number of 

autoantibodies and HLA genotype, more than high titers of glutamic acid 

decarboxylase autoantibodies, predict insulin dependence in latent 

autoimmune diabetes of adults. Eur J Endocrinol. European Society of 

Endocrinology; 2010 Oct 1;163(4):541–9.  

87.  Zhou Z, Xiang Y, Ji L, Jia W, Ning G, Huang G, et al. Frequency, 

immunogenetics, and clinical characteristics of latent autoimmune diabetes in 

China (LADA China Study): A nationwide, multicenter, clinic-based cross-

sectional study. Diabetes. 2013 Feb 1;62(2):543–50.  

88.  Takeda H, Kawasaki E, Shimizu I, Konoue E, Fujiyama M, Murao S, et al. 

Clinical, autoimmune, and genetic characteristics of adult-onset diabetic 

patients with GAD autoantibodies in Japan (Ehime Study). Diabetes Care. 

2002 Jun;25(6):995–1001.  



BIBLIOGRAPHY 

 

97 

89.  Zinman B, Kahn SE, Haffner SM, O’Neill MC, Heise MA, Freed MI. Phenotypic 

Characteristics of GAD Antibody-Positive Recently Diagnosed Patients With 

Type 2 Diabetes in North America and Europe. Diabetes. 2004 Nov 

23;53(12):3193–200.  

90.  Kanungo A, Sanjeevi CB. IA-2 Autoantibodies Are Predominant in Latent 

Autoimmune Diabetes in Adults Patients from Eastern India. Ann N Y Acad 

Sci. 2003 Nov;1005(1):390–4.  

91.  Shrivastav A, Mukhopadhyay S, Chowdhury. S. Prevalence of latent 

autoimmune diabetes in young, non obese, adult onset diabetes patient with 

poor response to oral insulin secretagogues. Abstract # 504 presented at 

EASD Annual meeting Stockholm 2015 [Internet]. [cited 2016 Jan 6]. Available 

from: http://www.easdvirtualmeeting.org/resources/prevalence-of-latent-

autoimmune-diabetes-in-young-non-obese-adult-onset-diabetes-patient-with-

poor-response-to-oral-insulin-secretagogues--2 

92.  Chandni R, Paul BJ, Udayabhaskaran V, Ramamoorthy KP. A study of non-

obese diabetes mellitus in adults in a tertiary care hospital in Kerala, India. Int 

J Diabetes Dev Ctries. Springer; 2013 Mar 17;33(2):83–5.  

93.  Unnikrishnan AG, Singh SK, Sanjeevi CB. Prevalence of GAD65 Antibodies in 

Lean Subjects with Type 2 Diabetes. Ann N Y Acad Sci. Blackwell Publishing 

Ltd; 2004 Dec;1037(1):118–21.  

94.  Castleden HAJ, Shields B, Bingley PJ, Williams AJK, Sampson M, Walker M, 

et al. GAD antibodies in probands and their relatives in a cohort clinically 

selected for Type 2 diabetes. Diabet Med. 2006 Aug;23(8):834–8.  

95.  Fourlanos S, Perry C, Stein MS, Stankovich J, Harrison LC, Colman PG. A 

Clinical Screening Tool Identifies Autoimmune Diabetes in Adults. Diabetes 



BIBLIOGRAPHY 

 

98 

          Care. 2006 Apr 26;29(5):970–5.  

96.  Zinman B, Kahn SE, Haffner SM, O’Neill MC, Heise MA, Freed MI. Phenotypic 

Characteristics of GAD Antibody-Positive Recently Diagnosed Patients With 

Type 2 Diabetes in North America and Europe. Diabetes. 2004 Nov 

23;53(12):3193–200.  

97.  Katulanda P, Shine B, Katulanda GW, Silva A, Asfir EL, Sheriff R, et al. 

Diabetes mellitus among young adults in Sri Lanka--role of GAD antibodies in 

classification and treatment: the Sri Lanka Young Diabetes study. 

Diabetologia. 2008 Aug;51(8):1368–74.  

98.  Park Y, Hong S, Park L, Woo J, Baik S, Nam M, et al. LADA prevalence 

estimation and insulin dependency during follow-up. Diabetes Metab Res Rev. 

2011 Nov;27(8):975–9.  

99.  Maddaloni E, Lessan N, Al Tikriti A, Buzzetti R, Pozzilli P, Barakat MT, et al. 

Latent Autoimmune Diabetes in Adults in the United Arab Emirates: Clinical 

Features and Factors Related to Insulin-Requirement. Taheri S, editor. PLoS 

One. Public Library of Science; 2015 Aug 7;10(8):e0131837.  

100.  Britten AC, Jones K, Törn C, Hillman M, Ekholm B, Kumar S, et al. Latent 

autoimmune diabetes in adults in a South Asian population of the U.K. 

Diabetes Care. American Diabetes Association; 2007 Dec 1;30(12):3088–90.  

101.  R.Anil Kumar, K.R.Narasimhasetty, H.R.S.Murthy, Suresh Somannavar, 

L.Murali, Punam V. Bhende et al. GAD antibody positivity in South Indian 

Type2 Diabetic individuals. Int J Clin Cases Investig. 2013;5(5):92–8.  

102.  Sachan A, Zaidi G, Sahu RP, Agrawal S, Colman PG, Bhatia E. Low 

prevalence of latent autoimmune diabetes in adults in northern India. Diabet 

Med. 2015 Jun 12;32(6):810–3.  



BIBLIOGRAPHY 

 

99 

103.  Brahmkshatriya PP, Mehta AA, Saboo BD, Goyal RK. Characteristics and 

Prevalence of Latent Autoimmune Diabetes in Adults (LADA). ISRN 

Pharmacol. 2012 Jan;2012:580202.  

104.  Mohan V, Vijayaprabha R, Rema M, Premalatha G, Poongothai S, Deepa R, et 

al. Clinical profile of lean NIDDM in South India. Diabetes Res Clin Pract. 

Elsevier; 1997 Nov 11;38(2):101–8.  

105.  Action LADA - [Internet]. [cited 2015 Sep 8]. Available from: 

http://www.actionlada.org/why/why.html 

106.  Fourlanos S, Dotta F, Greenbaum CJ, Palmer JP, Rolandsson O, Colman PG, 

et al. Latent autoimmune diabetes in adults (LADA) should be less latent. 

Diabetologia. 2005 Nov;48(11):2206–12.  

107.  Brophy S, Yderstraede K, Mauricio D, Hunter S, Hawa M, Pozzilli P, et al. 

Time to insulin initiation cannot be used in defining latent autoimmune diabetes 

in adults. Diabetes Care. 2008 Mar;31(3):439–41.  

108.  Rosenbloom AL. Obesity, Insulin Resistance, beta-Cell Autoimmunity, and the 

Changing Clinical Epidemiology of Childhood Diabetes. Diabetes Care. 2003 

Oct;26(10):2954–6.  

109.  Hathout EH, Thomas W, El-Shahawy M, Nahab F, Mace JW. Diabetic 

autoimmune markers in children and adolescents with type 2 diabetes. 

Pediatrics. 2001 Jun;107(6):E102.  

110.  Groop LC, Bottazzo GF, Doniach D. Islet cell antibodies identify latent type I 

diabetes in patients aged 35-75 years at diagnosis. Diabetes. 1986 

Feb;35(2):237–41.  

111.  Kobayashi T, Tamemoto K, Nakanishi K, Kato N, Okubo M, Kajio H, et al. 

Immunogenetic and clinical characterization of slowly progressive IDDM. 



BIBLIOGRAPHY 

 

100 

          Diabetes Care. 1993 May 1;16(5):780–8.  

112.  Lohmann T, Sessler J, Verlohren HJ, Schröder S, Rötger J, Dãhn K, et al. 

Distinct genetic and immunological features in patients with onset of IDDM 

before and after age 40. Diabetes Care. 1997 Apr;20(4):524–9.  

113.  Seissler J, de Sonnaville JJ, Morgenthaler NG, Steinbrenner H, Glawe D, 

Khoo-Morgenthaler UY, et al. Immunological heterogeneity in type I diabetes: 

presence of distinct autoantibody patterns in patients with acute onset and 

slowly progressive disease. Diabetologia. 1998 Aug;41(8):891–7.  

114.  Juneja R, Palmer JP. Type 1 1/2 diabetes: myth or reality? Autoimmunity. 

1999 Jan;29(1):65–83.  

115.  Lohmann T, Nietzschmann U, Kiess W. “Lady-like”: is there a latent 

autoimmune diabetes in the young? Diabetes Care. 2000 Nov;23(11):1707–8.  

116.  Pozzilli P, Di Mario U. Autoimmune diabetes not requiring insulin at diagnosis 

(latent autoimmune diabetes off the adult): Definition, characterization, and 

potential prevention. Diabetes Care. 2001 Aug;24(8):1460–7.  

117.  Lohmann T, Kellner K, Verlohren H-J, Krug J, Steindorf J, Scherbaum WA, et 

al. Titre and combination of ICA and autoantibodies to glutamic acid 

decarboxylase discriminate two clinically distinct types of latent autoimmune 

diabetes in adults (LADA). Diabetologia. 2001 Aug 1;44(8):1005–10.  

118.  Borg H, Gottsäter A, Landin-Olsson M, Fernlund P, Sundkvist G. High levels of 

antigen-specific islet antibodies predict future beta-cell failure in patients with 

onset of diabetes in adult age. J Clin Endocrinol Metab. 2001 Jul;86(7):3032–

8.  

119.  Palmer JP, Hirsch IB. What’s in a name: latent autoimmune diabetes of adults, 

type 1.5, adult-onset, and type 1 diabetes. Diabetes Care. 2003 



BIBLIOGRAPHY 

 

101 

          Feb;26(2):536–8.  

120.  Aycan Z, Berberoglu M, Adiyaman P, Ergür AT, Ensari A, Evliyaoglu O, et al. 

Latent autoimmune diabetes mellitus in children (LADC) with autoimmune 

thyroiditis and Celiac disease. J Pediatr Endocrinol Metab. 2004 

Nov;17(11):1565–9.  

121.  Stenström G, Gottsäter A, Bakhtadze E, Berger B, Sundkvist G. Latent 

autoimmune diabetes in adults: definition, prevalence, beta-cell function, and 

treatment. Diabetes. 2005 Dec;54 Suppl 2:S68-72.  

122.  Kobayashi T, Tamemoto K, Nakanishi K, Kato N, Okubo M, Kajio H, et al. 

Immunogenetic and clinical characterization of slowly progressive IDDM. 

Diabetes Care. 1993 May;16(5):780–8.  

123.  Guglielmi C, Palermo A, Pozzilli P. Latent autoimmune diabetes in the adults 

(LADA) in Asia: from pathogenesis and epidemiology to therapy. Diabetes 

Metab Res Rev. 2012 Dec;28 Suppl 2:40–6.  

124.  Mollo A, Hernandez M, Marsal JR, Esquerda A, Rius F, Blanco-Vaca F, et al. 

Latent autoimmune diabetes in adults is perched between type 1 and type 2: 

evidence from adults in one region of Spain. Diabetes Metab Res Rev. 2013 

Sep;29(6):446–51.  

125.  Effect of intensive therapy on residual beta-cell function in patients with type 1 

diabetes in the diabetes control and complications trial. A randomized, 

controlled trial. The Diabetes Control and Complications Trial Research Group. 

Ann Intern Med. 1998 Apr 1;128(7):517–23.  

126.  Törn C, Landin-Olsson M, Lernmark Å, Palmer JP, Arnqvist HJ, Blohmé G, et 

al. Prognostic Factors for the Course of β Cell Function in Autoimmune 

Diabetes 1. J Clin Endocrinol Metab. 2000 Dec;85(12):4619–23.  



BIBLIOGRAPHY 

 

102 

127.  Hosszúfalusi N, Vatay A, Rajczy K, Prohászka Z, Pozsonyi E, Horváth L, et al. 

Similar genetic features and different islet cell autoantibody pattern of latent 

autoimmune diabetes in adults (LADA) compared with adult-onset type 1 

diabetes with rapid progression. Diabetes Care. 2003 Feb;26(2):452–7.  

128.  Hernandez M, Mollo A, Marsal JR, Esquerda A, Capel I, Puig-Domingo M, et 

al. Insulin secretion in patients with latent autoimmune diabetes (LADA): half 

way between type 1 and type 2 diabetes: action LADA 9. BMC Endocr Disord. 

2015;15:1.  

129.  Redondo MJ. LADA: Time for a new definition. Diabetes. 2013 Feb;62(2):339–

40.  

130.  Li X, Zhou Z, Huang G, Su H, Yan X, Yang L. Metabolic syndrome in adult-

onset latent autoimmune diabetes. Metab Syndr Relat Disord. 2005 

Jan;3(2):174–80.  

131.  Hawa MI, Thivolet C, Mauricio D, Alemanno I, Cipponeri E, Collier D, et al. 

Metabolic syndrome and autoimmune diabetes: action LADA 3. Diabetes Care. 

2009 Jan;32(1):160–4.  

132.  Lan MS, Wasserfall C, Maclaren NK, Notkins AL. IA-2, a transmembrane 

protein of the protein tyrosine phosphatase family, is a major autoantigen in 

insulin-dependent diabetes mellitus. Proc Natl Acad Sci. 1996 Jun 

25;93(13):6367–70.  

133.  Lu J, Li Q, Xie H, Chen ZJ, Borovitskaya AE, Maclaren NK, et al. Identification 

of a second transmembrane protein tyrosine phosphatase, IA-2beta, as an 

autoantigen in insulin-dependent diabetes mellitus: precursor of the 37-kDa 

tryptic fragment. Proc Natl Acad Sci. 1996 Mar 19;93(6):2307–11.  

134.  Baekkeskov S, Aanstoot H-J, Christgai S, Reetz A, Solimena M, Cascalho M, 



BIBLIOGRAPHY 

 

103 

          et al. Identification of the 64K autoantigen in insulin-dependent diabetes as the 

GABA-synthesizing enzyme glutamic acid decarboxylase. Nature. 1990 Sep 

13;347(6289):151–6.  

135.  Atkinson MA, Kaufman DL, Newman D, Tobin AJ, Maclaren NK. Islet cell 

cytoplasmic autoantibody reactivity to glutamate decarboxylase in insulin-

dependent diabetes. J Clin Invest. 1993 Jan;91(1):350–6.  

136.  Kaufman DL, Erlander MG, Clare-Salzler M, Atkinson MA, Maclaren NK, Tobin 

AJ. Autoimmunity to two forms of glutamate decarboxylase in insulin-

dependent diabetes mellitus. J Clin Invest. 1992 Jan 1;89(1):283–92.  

137.  Seissler J, Scherbaum WA. Are we ready to predict and prevent 

endocrine/organ specific autoimmune diseases? Springer Semin 

Immunopathol. 2002 Dec;24(3):273–95.  

138.  Bottazzo GF, Florin-Christensen A, Doniach D. Islet-cell antibodies in diabetes 

mellitus with autoimmune polyendocrine deficiencies. Lancet (London, 

England). 1974 Nov 30;2(7892):1279–83.  

139.  Landin-Olsson M, Palmer JP, Lernmark A, Blom L, Sundkvist G, Nyström L, et 

al. Predictive value of islet cell and insulin autoantibodies for type 1 (insulin-

dependent) diabetes mellitus in a population-based study of newly-diagnosed 

diabetic and matched control children. Diabetologia. 1992 Nov;35(11):1068–

73.  

140.  Komulainen J, Knip M, Lounamaa R, Vähäsalo P, Karjalainen J, Sabbah E, et 

al. Poor beta-cell function after the clinical manifestation of type 1 diabetes in 

children initially positive for islet cell specific autoantibodies. The Childhood 

Diabetes in Finland Study Group. Diabet Med. 1997 Jul;14(7):532–7.  

141.  Solimena M, Folli F, Aparisi R, Pozza G, De Camilli P. Autoantibodies to 



BIBLIOGRAPHY 

 

104 

          GABA-ergic neurons and pancreatic beta cells in stiff-man syndrome. N Engl J 

Med. 1990 May 31;322(22):1555–60.  

142.  Powers AC, Bavik K, Tremble J, Daw K, Scherbaum WA, Banga JP. 

Comparative analysis of epitope recognition of glutamic acid decarboxylase 

(GAD) by autoantibodies from different autoimmune disorders. Clin Exp 

Immunol. 1999 Dec;118(3):349–56.  

143.  Chattopadhyay S, Ito M, Cooper JD, Brooks AI, Curran TM, Powers JM, et al. 

An autoantibody inhibitory to glutamic acid decarboxylase in the 

neurodegenerative disorder Batten disease. Hum Mol Genet. 2002 Jun 

1;11(12):1421–31.  

144.  Hagopian WA, Michelsen B, Karlsen AE, Larsen F, Moody A, Grubin CE, et al. 

Autoantibodies in IDDM primarily recognize the 65,000-M(r) rather than the 

67,000-M(r) isoform of glutamic acid decarboxylase. Diabetes. 1993 

Apr;42(4):631–6.  

145.  Velloso LA, Kämpe O, Hallberg A, Christmanson L, Betsholtz C, Karlsson FA. 

Demonstration of GAD-65 as the main immunogenic isoform of glutamate 

decarboxylase in type 1 diabetes and determination of autoantibodies using a 

radioligand produced by eukaryotic expression. J Clin Invest. 1993 

May;91(5):2084–90.  

146.  Bonifacio E, Lampasona V, Bernasconi L, Ziegler AG. Maturation of the 

humoral autoimmune response to epitopes of GAD in preclinical childhood 

type 1 diabetes. Diabetes. 2000 Feb;49(2):202–8.  

147.  Seissler J, Scherbaum WA. Autoimmune diagnostics in diabetes mellitus. Clin 

Chem Lab Med. 2006 Jan 1;44(2):133–7.  

148.  Leslie RD, Atkinson MA, Notkins AL. Autoantigens IA-2 and GAD in Type I 



BIBLIOGRAPHY 

 

105 

          (insulin-dependent) diabetes. Diabetologia. 1999 Jan;42(1):3–14.  

149.  Bingley PJ, Bonifacio E, Ziegler AG, Schatz DA, Atkinson MA, Eisenbarth GS. 

Proposed guidelines on screening for risk of type 1 diabetes. Diabetes Care. 

2001 Feb;24(2):398.  

150.  Palomer X, Mauricio D, Rodríguez-Espinosa J, Zapico E, Mayoral C, 

González-Sastre F, et al. Evaluation of Two Nonisotopic Immunoassays for 

Determination of Glutamic Acid Decarboxylase and Tyrosine Phosphatase 

Autoantibodies in Serum. Clin Chem. American Association for Clinical 

Chemistry; 2004 Jun 10;50(8):1378–82.  

151.  Lan MS, Lu J, Goto Y, Notkins AL. Molecular cloning and identification of a 

receptor-type protein tyrosine phosphatase, IA-2, from human insulinoma. 

DNA Cell Biol. 1994 May;13(5):505–14.  

152.  Myers MA, Rabin DU, Rowley MJ. Pancreatic islet cell cytoplasmic antibody in 

diabetes is represented by antibodies to islet cell antigen 512 and glutamic 

acid decarboxylase. Diabetes. 1995 Nov;44(11):1290–5.  

153.  Bingley PJ, Bonifacio E, Williams AJ, Genovese S, Bottazzo GF, Gale EA. 

Prediction of IDDM in the general population: strategies based on 

combinations of autoantibody markers. Diabetes. 1997 Nov;46(11):1701–10.  

154.  Gorus FK, Goubert P, Semakula C, Vandewalle CL, De Schepper J, Scheen 

A, et al. IA-2-autoantibodies complement GAD65-autoantibodies in new-onset 

IDDM patients and help predict impending diabetes in their siblings. The 

Belgian Diabetes Registry. Diabetologia. 1997 Jan;40(1):95–9.  

155.  Hawa MI, Fava D, Medici F, Deng YJ, Notkins AL, De Mattia G, et al. 

Antibodies to IA-2 and GAD65 in type 1 and type 2 diabetes: isotype restriction 

and polyclonality. Diabetes Care. 2000 Feb;23(2):228–33.  



BIBLIOGRAPHY 

 

106 

156.  Sabbah E, Savola K, Ebeling T, Kulmala P, Vähäsalo P, Ilonen J, et al. 

Genetic, autoimmune, and clinical characteristics of childhood- and adult-onset 

type 1 diabetes. Diabetes Care. 2000 Sep;23(9):1326–32.  

157.  Palmer JP, Asplin CM, Clemons P, Lyen K, Tatpati O, Raghu PK, et al. Insulin 

antibodies in insulin-dependent diabetics before insulin treatment. Science. 

1983 Dec 23;222(4630):1337–9.  

158.  Wenzlau JM, Liu Y, Yu L, Moua O, Fowler KT, Rangasamy S, et al. A common 

nonsynonymous single nucleotide polymorphism in the SLC30A8 gene 

determines ZnT8 autoantibody specificity in type 1 diabetes. Diabetes. 2008 

Oct;57(10):2693–7.  

159.  Vaziri-Sani F, Oak S, Radtke J, Lernmark K, Lynch K, Agardh C-D, et al. ZnT8 

autoantibody titers in type 1 diabetes patients decline rapidly after clinical 

onset. Autoimmunity. 2010 Dec;43(8):598–606.  

160.  Vandewalle CL, Falorni A, Svanholm S, Lernmark A, Pipeleers DG, Gorus FK. 

High diagnostic sensitivity of glutamate decarboxylase autoantibodies in 

insulin-dependent diabetes mellitus with clinical onset between age 20 and 40 

years. The Belgian Diabetes Registry. J Clin Endocrinol Metab. 1995 

Mar;80(3):846–51.  

161.  Sabbah E, Kulmala P, Veijola R, Vähäsalo P, Karjalainen J, Tuomilehto-Wolf 

E, et al. Glutamic acid decarboxylase antibodies in relation to other 

autoantibodies and genetic risk markers in children with newly diagnosed 

insulin-dependent diabetes. Childhood Diabetes in Finland Study Group. J Clin 

Endocrinol Metab. 1996 Jul;81(7):2455–9.  

162.  Palmer JP, Hampe CS, Chiu H, Goel A, Brooks-Worrell BM. Is latent 

autoimmune diabetes in adults distinct from type 1 diabetes or just type 1 



BIBLIOGRAPHY 

 

107 

          diabetes at an older age? Diabetes. 2005 Dec;54 Suppl 2:S62-7.  

163.  Genovese S, Bazzigaluppi E, Gonçalves D, Ciucci A, Cavallo MG, Purrello F, 

et al. Clinical phenotype and beta-cell autoimmunity in Italian patients with 

adult-onset diabetes. Eur J Endocrinol. 2006 Mar;154(3):441–7.  

164.  Hampe CS, Hall TR, Agren A, Rolandsson O. Longitudinal changes in epitope 

recognition of autoantibodies against glutamate decarboxylase 65 (GAD65Ab) 

in prediabetic adults developing diabetes. Clin Exp Immunol. 2007 Apr 

7;148(1):72–8.  

165.  Brooks-Worrell BM, Reichow JL, Goel A, Ismail H, Palmer JP. Identification of 

autoantibody-negative autoimmune type 2 diabetic patients. Diabetes Care. 

2011 Jan;34(1):168–73.  

166.  Itariu BK, Stulnig TM. Autoimmune Aspects of Type 2 Diabetes Mellitus - A 

Mini-Review. Gerontology. 2014;189–96.  

167.  Brooks-Worrell BM, Juneja R, Minokadeh A, Greenbaum CJ, Palmer JP. 

Cellular immune responses to human islet proteins in antibody-positive type 2 

diabetic patients. Diabetes. 1999 May 1;48(5):983–8.  

168.  Liu X, Xu J. Reduced Histone H3 Acetylation in CD4 + T Lymphocytes: 

Potential Mechanism of Latent Autoimmune Diabetes in Adults. Dis Markers. 

Hindawi Publishing Corporation; 2015;2015:1–7.  

169.  Schloot NC, Pham MN, Hawa MI, Pozzilli P, Scherbaum WA, Schott M, et al. 

Inverse Relationship Between Organ-Specific Autoantibodies and Systemic 

Immune Mediators in Type 1 Diabetes and Type 2 Diabetes: Action LADA 11. 

Diabetes Care. American Diabetes Association; 2016 Nov 29;39(11):1932–9.  

170.  Reinsch B, Zimmy S, Schatz H, Pfohl M. Antik??rper gegen 

glutamatdecarboxylase und tyrosinphosphatase-??hnliches protein IA-2 in der 



BIBLIOGRAPHY 

 

108 

          klassifikation von unselektionierten diabetespatienten. Med Klin. 

2003;98(2):67–71.  

171.  Gleicher N. Pregnancy and autoimmunity. Acta Haematol. 1986 Jan;76(2–

3):68–77.  

172.  Lewis JE, Coulam CB, Moore SB. Immunologic mechanisms in the maternal-

fetal relationship. Mayo Clin Proc. 1986 Aug;61(8):655–65.  

173.  Freinkel N, Metzger BE, Phelps RL, Dooley SL, Ogata ES, Radvany RM, et al. 

Gestational diabetes mellitus. Heterogeneity of maternal age, weight, insulin 

secretion, HLA antigens, and islet cell antibodies and the impact of maternal 

metabolism on pancreatic B-cell and somatic development in the offspring. 

Diabetes. 1985 Jun;34 Suppl 2:1–7.  

174.  Mauricio D, Corcoy R, Codina M, Balsells M, Puig-Domingo M, Pou JM  de LA. 

Islet cell antibodies identify a subset of gestational diabetic women with higher 

risk of developing diabetes mellitus shortly after pregnancy. Diab Nutr Metab. 

1992;(5):1–5.  

175.  Mauricio D, Balsells M, Morales J, Corcoy R, Puig-Domingo M, de Leiva A. 

Islet cell autoimmunity in women with gestational diabetes and risk of 

progression to insulin-dependent diabetes mellitus. Diabetes Metab Rev. 1996 

Dec;12(4):275–85.  

176.  Bo S, Menato G, Pinach S, Signorile A, Bardelli C, Lezo A, et al. Clinical 

characteristics and outcome of pregnancy in women with gestational 

hyperglycaemia with and without antibodies to beta-cell antigens. Diabet Med. 

2003 Jan;20(1):64–8.  

177.  Ziegler AG, Hillebrand B, Rabl W, Mayrhofer M, Hummel M, Mollenhauer U, et 

al. On the appearance of islet associated autoimmunity in offspring of diabetic 



BIBLIOGRAPHY 

 

109 

          mothers: a prospective study from birth. Diabetologia. 1993 May;36(5):402–8.  

178.  Fallucca F, Di Mario U, Gargiulo P, Iavicoli M, Galfo C, Contreas G, et al. 

Humoral immunity in diabetic pregnancy: interrelationships with 

maternal/neonatal complications and maternal metabolic control. Diabète & 

métabolisme. 1985 Dec;11(6):387–95.  

179.  Balsells M, Corcoy R, Mauricio D, Morales J, García-Patterson A, Carreras G, 

et al. Insulin antibody response to a short course of human insulin therapy in 

women with gestational diabetes. Diabetes Care. 1997 Jul;20(7):1172–5.  

180.  Dozio N, Beretta A, Belloni C, Castiglioni M, Rosa S, Bosi E, et al. Low 

prevalence of islet autoantibodies in patients with gestational diabetes mellitus. 

Diabetes Care. 1997 Jan;20(1):81–3.  

181.  Whittingham S, Byron SL, Tuomilehto J, Zimmet PZ, Myers MA, Vidgren G, et 

al. Autoantibodies associated with presymptomatic insulin-dependent diabetes 

mellitus in women. Diabet Med. 1997 Aug;14(8):678–85.  

182.  Mayrhofer M, Rabin DU, Messenger L, Standl E, Ziegler AG. Value of ICA512 

antibodies for prediction and diagnosis of type 1 diabetes. Exp Clin Endocrinol 

Diabetes. 1996 Jan;104(3):228–34.  

183.  Füchtenbusch M, Bonifacio E, Lampasona V, Knopff A, Ziegler A-G. Immune 

responses to glutamic acid decarboxylase and insulin in patients with 

gestational diabetes. Clin Exp Immunol. 2004 Feb;135(2):318–21.  

184.  Desai M, Zeggini E, Horton VA, Owen KR, Hattersley AT, Levy JC, et al. An 

association analysis of the HLA gene region in latent autoimmune diabetes in 

adults. Diabetologia. 2007 Jan;50(1):68–73.  

185.  Steck AK, Eisenbarth GS, Cervin C, Lyssenko V, Bakhtadze E, Lindholm E, et 

al. Genetic similarities between latent autoimmune diabetes and type 1 and  t



BIBLIOGRAPHY 

 

110 

          ype 2 diabetes. Diabetes. 2008 May;57(5):1433–7.  

186.  Pettersen E, Skorpen F, Kvaløy K, Midthjell K, Grill V. Genetic heterogeneity in 

latent autoimmune diabetes is linked to various degrees of autoimmune 

activity: results from the Nord-Trøndelag Health Study. Diabetes. 2010 

Jan;59(1):302–10.  

187.  Tong Y, Lin Y, Zhang Y, Yang J, Zhang Y, Liu H, et al. Association between 

TCF7L2 gene polymorphisms and susceptibility to type 2 diabetes mellitus: a 

large Human Genome Epidemiology (HuGE) review and meta-analysis. BMC 

Med Genet. 2009 Jan;10:15.  

188.  Zampetti S, Spoletini M, Petrone A, Capizzi M, Arpi ML, Tiberti C, et al. 

Association of TCF7L2 gene variants with low GAD autoantibody titre in LADA 

subjects (NIRAD Study 5). Diabet Med. 2010 Jun;27(6):701–4.  

189.  Qu H-Q, Grant SFA, Bradfield JP, Kim C, Frackelton E, Hakonarson H, et al. 

Association analysis of type 2 diabetes Loci in type 1 diabetes. Diabetes. 2008 

Jul 1;57(7):1983–6.  

190.  Brooks-Worrell B, Palmer JP. Is Diabetes Mellitus a Continuous Spectrum? 

Clin Chem. 2010 Nov 10;57(2):158–61.  

191.  Padmos RC, Schloot NC, Beyan H, Ruwhof C, Staal FJT, de Ridder D, et al. 

Distinct monocyte gene-expression profiles in autoimmune diabetes. Diabetes. 

2008 Oct;57(10):2768–73.  

192.  Steck AK, Eisenbarth GS. Genetic similarities between latent autoimmune 

diabetes and type 1 and type 2 diabetes. Diabetes. 2008 May;57(5):1160–2.  

193.  Haller K, Kisand K, Pisarev H, Salur L, Laisk T, Nemvalts V, et al. Insulin gene 

VNTR, CTLA-4 +49A/G and HLA-DQB1 alleles distinguish latent autoimmune 

diabetes in adults from type 1 diabetes and from type 2 diabetes group. Tissue 



BIBLIOGRAPHY 

 

111 

          Antigens. 2007 Feb;69(2):121–7.  

194.  Nambam B, Aggarwal S, Jain A. Latent autoimmune diabetes in adults: A 

distinct but heterogeneous clinical entity. World J Diabetes. 2010 Sep 

15;1(4):111–5.  

195.  Kobayashi T, Tanaka S, Okubo M, Nakanishi K, Murase T, Lernmark Å. 

Unique Epitopes of Glutamic Acid Decarboxylase Autoantibodies in Slowly 

Progressive Type 1 Diabetes. J Clin Endocrinol Metab. 2003 Oct;88(10):4768–

75.  

196.  Zhang C, Zhang J, Tian Z. The regulatory effect of natural killer cells: do “NK-

reg cells” exist? Cell Mol Immunol. 2006 Aug;3(4):241–54.  

197.  Akesson C, Uvebrant K, Oderup C, Lynch K, Harris RA, Lernmark A, et al. 

Altered natural killer (NK) cell frequency and phenotype in latent autoimmune 

diabetes in adults (LADA) prior to insulin deficiency. Clin Exp Immunol. 2010 

Jul 1;161(1):48–56.  

198.  Rodacki M, Svoren B, Butty V, Besse W, Laffel L, Benoist C, et al. Altered 

natural killer cells in type 1 diabetic patients. Diabetes. 2007 Jan;56(1):177–85.  

199.  Vatay A, Rajczy K, Pozsonyi E, Hosszúfalusi N, Prohászka Z, Füst G, et al. 

Differences in the genetic background of latent autoimmune diabetes in adults 

(LADA) and type 1 diabetes mellitus. Immunol Lett. 2002 Nov 1;84(2):109–15.  

200.  Andersen MK, Lundgren V, Turunen JA, Forsblom C, Isomaa B, Groop P-H, et 

al. Latent autoimmune diabetes in adults differs genetically from classical type 

1 diabetes diagnosed after the age of 35 years. Diabetes Care. 2010 Sep 

1;33(9):2062–4.  

201.  Papoian R, Pillarisetty R, Talal N. Immunological regulation of spontaneous 

antibodies to DNA and RNA. II. Sequential switch from IgM to IgG in 



BIBLIOGRAPHY 

 

112 

          NZB/NZW F1 mice. Immunology. 1977 Jan;32(1):75–9.  

202.  Leslie RDG, Kolb H, Schloot NC, Buzzetti R, Mauricio D, de Leiva A, et al. 

Diabetes classification: grey zones, sound and smoke: Action LADA 1. 

Diabetes Metab Res Rev. 2008 Oct;24(7):511–9.  

203.  Cabrera-Rode E, Perich P, Diaz-Horta O, Tiberti C, Molina G, Arranz C, et al. 

Slowly progressing type 1 diabetes: persistence of islet cell autoantibodies is 

related to glibenclamide treatment. Autoimmunity. Taylor & Francis; 2002 Jul 

7;35(7):469–74.  

204.  Brophy S, Davies H, Mannan S, Brunt H, Williams R. Interventions for latent 

autoimmune diabetes (LADA) in adults. Cochrane database Syst Rev. 2011 

Jan;(9):CD006165.  

205.  Pozzilli P, Pitocco D, Visalli N, Cavallo MG, Buzzetti R, Crinò A, et al. No effect 

of oral insulin on residual beta-cell function in recent-onset type I diabetes (the 

IMDIAB VII). IMDIAB Group. Diabetologia. 2000 Aug;43(8):1000–4.  

206.  Skyler JS, Krischer JP, Wolfsdorf J, Cowie C, Palmer JP, Greenbaum C, et al. 

Effects of oral insulin in relatives of patients with type 1 diabetes: The Diabetes 

Prevention Trial--Type 1. Diabetes Care. 2005 May;28(5):1068–76.  

207.  Rapti E, Karras S, Grammatiki M, Mousiolis A, Tsekmekidou X, Potolidis E, et 

al. Combined treatment with sitagliptin and vitamin D in a patient with latent 

autoimmune diabetes in adults. Endocrinol diabetes Metab case reports. 

Bioscientifica Ltd.; 2016;2016:150136.  

208.  Raz I, Elias D, Avron A, Tamir M, Metzger M, Cohen IR. Beta-cell function in 

new-onset type 1 diabetes and immunomodulation with a heat-shock protein 

peptide (DiaPep277): a randomised, double-blind, phase II trial. Lancet 

(London, England). 2001 Nov 24;358(9295):1749–53.  



BIBLIOGRAPHY 

 

113 

209.  Zhao Y, Yang L, Xiang Y, Liu L, Huang G, Long Z, et al. Dipeptidyl peptidase 4 

inhibitor sitagliptin maintains β-cell function in patients with recent-onset latent 

autoimmune diabetes in adults: one year prospective study. J Clin Endocrinol 

Metab. 2014 May;99(5):E876-80.  

210.  Agardh C-D, Cilio CM, Lethagen A, Lynch K, Leslie RDG, Palmér M, et al. 

Clinical evidence for the safety of GAD65 immunomodulation in adult-onset 

autoimmune diabetes. J Diabetes Complications. Jan;19(4):238–46.  

211.  Paolo Pozzilli, Jeremie Lebrec, Sherry Martin, Zvonko Milicevic, Anne Peters, 

Imre Pavo, et al. Reduction of HbA1c with dulaglutide in type 2 diabetes (T2D) 

patients negative, low positive or high positive for GAD antibodies (GADA): a 

post hoc analysis of AWARD -2, -4 and - [Internet]. Abstract # 145 presented 

at EASD 2017 Lisbon. 2017 [cited 2017 Nov 11]. Available from: 

https://www.easd.org/myeasd/home.html#!resources/reduction-of-hba-sub-1c-

sub-with-dulaglutide-in-type-2-diabetes-t2d-patients-negative-low-positive-or-

high-positive-for-gad-antibodies-gada-a-post-hoc-analysis-of-award-2-4-and-5-

37e49f62-86be-439a-ada4-fad 

212.  Marrugat J,Vila JS,Pavesi M SF, Pavesi M, Sanz F. Estimación del tamaño de 

la muestra en la investigación clínica y epidemiológica. Med Clínica. Elsevier; 

1998;111:267–76.  

213.  Practical Guide on the Identification, Evaluation, and Treatment of Overweight 

and Obesity in Adults. Vol. NIH Public, National Institutes of Health, Bethesda. 

2000. NIH Publication No. 00-4084.  

214.  Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al. 

Diagnosis and management of the metabolic syndrome: an American Heart 

Association/National Heart, Lung, and Blood Institute Scientific Statement. 



BIBLIOGRAPHY 

 

114 

          Circulation. 2005 Oct 25;112(17):2735–52.  

215.  Nelson, David L DL, Cox MM, Lehninger AL. Lehninger principles of 

biochemistry. 7th editio. New York; 2017. 248–249 p.  

216.  Lenters-Westra E, Schindhelm RK, Bilo HJ, Slingerland RJ. Haemoglobin A1c: 

Historical overview and current concepts. Diabetes Res Clin Pract. 2013 

Feb;99(2):75–84.  

217.  Little RR. Glycated Hemoglobin Standardization – National Glycohemoglobin 

Standardization Program (NGSP) Perspective. Clin Chem Lab Med. 2003 Jan 

16;41(9):1191–8.  

218.  Stadtman TC, Cherkes A, Anfinsen CB. Studies on the microbiological 

degradation of cholesterol. J Biol Chem. 1954 Feb;206(2):511–23.  

219.  Rautela GS, Liedtke RJ. Automated enzymic measurement of total cholesterol 

in serum. Clin Chem. 1978 Jan;24(1):108–14.  

220.  Chawla R. Practical clinical biochemistry : methods and interpretations. 4th ed. 

2014. 226-233 p.  

221.  Nakamura M, Kayamori Y, Iso H, Kitamura A, Kiyama M, Koyama I, et al. LDL 

cholesterol performance of beta quantification reference measurement 

procedure. Clin Chim Acta. 2014 Apr 20;431:288–93.  

222.  Nauck M, März W, Haas B, Wieland H. Homogeneous assay for direct 

determination of high-density lipoprotein cholesterol evaluated. Clin Chem. 

1996;42(3).  

223.  Jaffe M. Ueber den Niederschlag, welchen Pikrinsäure im normalen Harn 

erzeugt, und über eine neue Reaction des Kreatinins. Zeitschrift für Physiol 

Chemie. 1986;10(5):391–400.  

224.  Hardy RW, Cohn M, Konrad RJ. Automated chemiluminescent assay for C-



BIBLIOGRAPHY 

 

115 

          peptide. J Clin Lab Anal. 2000;14(1):17–9.  

225.  Törn C, Mueller PW, Schlosser M, Bonifacio E, Bingley PJ, Participating 

Laboratories. Diabetes Antibody Standardization Program: evaluation of 

assays for autoantibodies to glutamic acid decarboxylase and islet antigen-2. 

Diabetologia. 2008 May;51(5):846–52.  

226.  Brooking H, Ananieva-Jordanova R, Arnold C, Amoroso M, Powell M, Betterle 

C, Zanchetta R, Furmaniak J SB. A sensitive non-isotopic assay for GAD65 

autoantibodies. Clin Chim Acta. Elsevier; 2003 May 1;331(1–2):55–9.  

227.  Roh M-O, Jung C-H, Kim B-Y, Mok J-O, Kim C-H. The prevalence and 

characteristics of latent autoimmune diabetes in adults (LADA) and its relation 

with chronic complications in a clinical department of a university hospital in 

Korea. Acta Diabetol. Springer Milan; 2013 Apr 16;50(2):129–34.  

228.  Huang G, Yin M, Xiang Y, Li X, Shen W, Luo S, et al. Persistence of glutamic 

acid decarboxylase antibody (GADA) is associated with clinical characteristics 

of latent autoimmune diabetes in adults: a prospective study with 3-year follow-

up. Diabetes Metab Res Rev. 2016 Sep;32(6):615–22.  

229.  Kelly MA, Alvi NS, Croft NJ, Mijovic CH, Bottazzo GF, Barnett AH. Genetic and 

immunological characteristics of Type I diabetes mellitus in an Indo-Aryan 

population. Diabetologia. Springer-Verlag; 2000 Apr 13;43(4):450–6.  

230.  Qi X, Sun J, Wang JJ, Wang PP, Xu Z, Murphy M, et al. Prevalence and 

correlates of latent autoimmune diabetes in adults in Tianjin, China: a 

population-based cross-sectional study. Diabetes Care. American Diabetes 

Association; 2011 Jan;34(1):66–70.  

231.  Balasubramanian K, Dabadghao P, Bhatia V, Colman PG, Gellert SA, 

Bharadwaj U, et al. High Frequency of Type 1B (Idiopathic) Diabetes in North 



BIBLIOGRAPHY 

 

116 

          Indian Children With Recent-Onset Diabetes. Diabetes Care. 2003 Aug 

22;26(9):2697–2697.  

232.  Bhatia E. Type 1 Diabetes Mellitus in India. Curr Diab Rep. 2012 Jun 

28;12(3):224–6.  

233.  Yang L, Luo S, Huang G, Peng J, Li X, Yan X, et al. The diagnostic value of 

zinc transporter 8 autoantibody (ZnT8A) for type 1 diabetes in Chinese. 

Diabetes Metab Res Rev. 2010 Oct;26(7):579–84.  

234.  Xiang Y, Zhou Z, Deng C, Leslie RD. Latent autoimmune diabetes in adults in 

Asians: similarities and differences between East and West. J Diabetes. 2013 

Jun;5(2):118–26.  

235.  Petrone A, Suraci C, Capizzi M, Giaccari A, Bosi E, Tiberti C, et al. The Protein 

Tyrosine Phosphatase Nonreceptor 22 (PTPN22) Is Associated With High 

GAD Antibody Titer in Latent Autoimmune Diabetes in Adults: Non Insulin 

Requiring Autoimmune Diabetes (NIRAD) Study 3. Diabetes Care. 2008 Mar 

1;31(3):534–8.  

236.  Luo S, Lin J, Xie Z, Xiang Y, Zheng P, Huang G, et al. HLA Genetic 

Discrepancy Between Latent Autoimmune Diabetes in Adults and Type 1 

Diabetes: LADA China Study No. 6. J Clin Endocrinol Metab. Oxford University 

Press; 2016 Apr;101(4):1693–700.  

237.  Horton V, Stratton I, Bottazzo GF, Shattock M, Mackay I, Zimmet P, et al. 

Genetic heterogeneity of autoimmune diabetes: age of presentation in adults is 

influenced by HLA DRB1 and DQB1 genotypes (UKPDS 43). UK Prospective 

Diabetes Study (UKPDS) Group. Diabetologia. 1999 May;42(5):608–16.  

238.  Pham MN, Hawa MI, Pfleger C, Roden M, Schernthaner G, Pozzilli P, et al. 

Pro- and anti-inflammatory cytokines in latent autoimmune diabetes in adults, 



BIBLIOGRAPHY 

 

117 

          type 1 and type 2 diabetes patients: Action LADA 4. Diabetologia. Springer-

Verlag; 2011 Jul;54(7):1630–8.  

239.  Xiang Y, Zhou P, Li X, Huang G, Liu Z, Xu A, et al. Heterogeneity of altered 

cytokine levels across the clinical spectrum of diabetes in China. Diabetes 

Care. American Diabetes Association; 2011 Jul 1;34(7):1639–41.  

240.  Pham MN, Hawa MI, Roden M, Schernthaner G, Pozzilli P, Buzzetti R, et al. 

Increased serum concentrations of adhesion molecules but not of chemokines 

in patients with Type 2 diabetes compared with patients with Type 1 diabetes 

and latent autoimmune diabetes in adult age: action LADA 5. Diabet Med. 

Blackwell Publishing Ltd; 2012 Apr 1;29(4):470–8.  

241.  Signore A, Capriotti G, Chianelli M, Bonanno E, Galli F, Catalano C, et al. 

Detection of insulitis by pancreatic scintigraphy with 99mTc-labeled IL-2 and 

MRI in patients with LADA (Action LADA 10). Diabetes Care. 2015 

Apr;38(4):652–8.  

242.  Hoeldtke RD, Bryner KD, Horvath GG, Byerly MR, Hobbs GR, Marcovina SM, 

et al. Antibodies to GAD and glycemic control in recent-onset IDDM. Diabetes 

Care. 1997 Dec;20(12):1900–3.  

243.  French LR, Goetz FC, Martinez AM, Boen JR, Bushhouse SA, Sprafka JM. 

Association between stimulated plasma C-peptide and age: the Wadena City 

Health Study. J Am Geriatr Soc. 1992 Apr;40(4):309–15.  

244.  Behme MT, Dupre J, Harris SB, Hramiak IM, Mahon JL. Insulin resistance in 

latent autoimmune diabetes of adulthood. Ann N Y Acad Sci. 2003 

Nov;1005:374–7.  

245.  Yan Xiang YLLXZZHGSH. Metabolic Syndrome in Adult-Onset Latent 

Autoimmune Diabetes.Metabolic syndrome and related disorders. Volume 3, 



BIBLIOGRAPHY 

 

118 

          Number 2 © Mary Ann Liebert, Inc. Pp. 174–180. 2005;174–80.  

246.  Davis TM, Zimmet P, Davis WA, Bruce DG, Fida S, Mackay IR. Autoantibodies 

to glutamic acid decarboxylase in diabetic patients from a multi-ethnic 

Australian community: the Fremantle Diabetes Study. Diabet Med. 2000 

Sep;17(9):667–74.  

247.  Chiu HK, Tsai EC, Juneja R, Stoever J, Brooks-Worrell B, Goel A, et al. 

Equivalent insulin resistance in latent autoimmune diabetes in adults (LADA) 

and type 2 diabetic patients. Diabetes Res Clin Pract. 2007 Aug;77(2):237–44.  

248.  Liu L, Li X, Xiang Y, Huang G, Lin J, Yang L, et al. Latent Autoimmune 

Diabetes in Adults With Low-Titer GAD Antibodies: Similar Disease 

Progression With Type 2 Diabetes. Diabetes Care. 2015 Jan;38(1):16–21.  

249.  Peyrot M, Rubin RR, Lauritzen T, Skovlund SE, Snoek FJ, Matthews DR, et al. 

Resistance to insulin therapy among patients and providers: results of the 

cross-national Diabetes Attitudes, Wishes, and Needs (DAWN) study. 

Diabetes Care. 2005 Nov;28(11):2673–9.  

250.  Bakker LEH, Sleddering MA, Schoones JW, Meinders AE, Jazet IM. 

Mechanisms in endocrinology: Pathogenesis of type 2 diabetes in South 

Asians. Eur J Endocrinol. 2013 Oct 1;169(5):R99–114.  

251.  Chaillous L, Bouhanick B, Kerlan V, Mathieu E, Lecomte P, Ducluzeau P-H, et 

al. Clinical and metabolic characteristics of patients with latent autoimmune 

diabetes in adults (LADA): Absence of rapid beta-cell loss in patients with tight 

metabolic control. Diabetes Metab. 2010 Feb;36(1):64–70.  

252.  Buzzetti R, Zampetti S, Maddaloni E. Adult-onset autoimmune diabetes: 

current knowledge and implications for management. Nat Rev Endocrinol. 

2017 Sep 8;  



BIBLIOGRAPHY 

 

119 

253.  Jones AG, McDonald TJ, Shields BM, Hill A V., Hyde CJ, Knight BA, et al. 

Markers of β-Cell Failure Predict Poor Glycemic Response to GLP-1 Receptor 

Agonist Therapy in Type 2 Diabetes. Diabetes Care. 2015 Aug 

4;39(2):dc150258.  

254.  Johansen OE, Boehm BO, Grill V, Torjesen PA, Bhattacharya S, Patel S, et al. 

C-peptide levels in latent autoimmune diabetes in adults treated with linagliptin 

versus glimepiride: exploratory results from a 2-year double-blind, randomized, 

controlled study. Diabetes Care. 2014;37(1):e11-2.  

255.  Buzzetti R, Pozzilli P, Frederich R, Iqbal N, Hirshberg B. Saxagliptin improves 

glycaemic control and C-peptide secretion in latent autoimmune diabetes in 

adults (LADA). Diabetes Metab Res Rev. 2016 Mar;32(3):289–96.  

256.  Awata T, Shimada A, Maruyama T, Oikawa Y, Yasukawa N, Kurihara S, et al. 

Possible Long-Term Efficacy of Sitagliptin, a Dipeptidyl Peptidase-4 Inhibitor, 

for Slowly Progressive Type 1 Diabetes (SPIDDM) in the Stage of Non-Insulin-

Dependency: An Open-Label Randomized Controlled Pilot Trial (SPAN-S). 

Diabetes Ther. 2017 Oct 19;8(5):1123–34.  

257.  Zhou Z, Li X, Huang G, Peng J, Yang L, Yan X, et al. Rosiglitazone combined 

with insulin preserves islet ? cell function in adult-onset latent autoimmune 

diabetes (LADA). Diabetes Metab Res Rev. John Wiley & Sons, Ltd.; 2005 

Mar;21(2):203–8.  

258.  Nissen SE, Wolski K. Effect of Rosiglitazone on the Risk of Myocardial 

Infarction and Death from Cardiovascular Causes. N Engl J Med.  

Massachusetts Medical Society ; 2007 Jun 14;356(24):2457–71.  

 

 



PUBLICATIONS AND 

PRESENTATION 
 
 

120 

 

PUBLICATIONS AND PRESENTATION RELATED TO THIS THESIS 

 

Publications:  

1. Kumar A, de Leiva A. Latent autoimmune diabetes in adults (LADA) in Asian and 

European populations. Diabetes Metab Res Rev. 2017;33: e2890.                                       

DOI: https://doi.org/10.1002/dmrr.2890 

2. Kumar A, de Leiva A. (2017) Latent Autoimmune Diabetes in Adults (LADA): The 

Prevalent Form of Adult-Onset Autoimmune Diabetes in a Region of India.                

J Endocrinol Diab 4 (3): 1-6. DOI: http://dx.doi.org/10.15226/2374-6890/4/3/00180 

3. Kumar A, de Leiva A. Latent Autoimmune Diabetes in Adults in North Indian 

Region: Assessment of β-Cell Function and Metabolic and Immunological Features. 

Metabolic Syndrome and Related Disorders. Volume 15, Number 10, 2017 Mary Ann 

Liebert, Inc. Pp. 1–6 DOI: https://doi.org/10.1089/met.2017.0103  

Presentation:  

Kumar A, de Leiva A. Prevalence and characteristics of Latent autoimmune 

diabetes in adults (LADA) in a region of India. American Association of Clinical 

Endocrinologists (AACE) Annual Scientific & Clinical Congress, Austin, Texas, USA, 

3-7th May 2017. Endocrine Practice: April 2017, Vol. 23, No. Supplement 3, Abstract 

# 235 pp.48 DOI: https://doi.org/10.4158/1934-2403-23.s3.1 (Abstract) 

 

https://doi.org/10.1002/dmrr.2890
http://dx.doi.org/10.15226/2374-6890/4/3/00180
https://doi.org/10.1089/met.2017.0103
https://doi.org/10.4158/1934-2403-23.s3.1


R E V I EW AR T I C L E

Latent autoimmune diabetes in adults (LADA) in Asian and
European populations

Alok Kumar1 | Alberto de Leiva1,2,3

1Department of Diabetes, Endocrinology and

Nutrition, Hospital de Sant Creu i Sant Pau,

Universitat Autònoma de Barcelona (UAB),

Barcelona, Spain

2EDUAB‐IIB‐HSP (CIBER‐BBN, ISCIII),

Universitat Autònoma de Barcelona (UAB),

Barcelona, Spain

3Fundación DIABEM, Barcelona, Spain

Correspondence

Alok Kumar, Department of Diabetes,

Endocrinology & Nutrition, Hospital de Sant

Creu i Sant Pau, Universitat Autònoma de

Barcelona, Barcelona, Spain.

Email: dralokkr@hotmail.com

Summary
Diabetes mellitus is a chronic disorder caused by relative or absolute insulin deficiency and

characterized by chronic hyperglycaemia. It is expected that by year 2025, 80% of all type 2

diabetic patients will be living in developing or low‐ and middle‐income countries. Among Asians,

there has been an overall increase in abdominal obesity; however, the risk of diabetes in these pop-

ulations starts at much lower body mass index as compared to Caucasians. A significant proportion

of diabetic patients with adult‐onset, initially nonrequiring insulin treatment, have diabetes‐associ-

ated autoantibodies in their sera. A new subclass of diabetes with the designation of latent autoim-

mune diabetes of adult‐onset (LADA) has been proposed for this category of subjects. Studies have

demonstrated that patients with autoimmune diabetes, characterized by the presence of glutamic

decarboxylase autoantibodies display a different clinical phenotype from classical type 2 diabetes

without glutamic decarboxylase autoantibodies. This subset of phenotypic type 2 diabetes subjects

with islet autoantibodies tend to have sulphonylurea failure and need insulin treatment earlier in the

disease process. Diagnosing LADA at an initial stage will be important so that insulin can be initiated

earlier, facilitating improved glycemic control sooner as well as the preservation of residual beta‐cell

function in adult‐onset autoimmune diabetes. Because of differences in dietary habits, environmen-

tal factors, and phenotypic characteristics between European and Asian populations, there may be

heterogeneity in the prevalence and other characteristics of LADA in these two populations.

KEYWORDS

adults, Asians, autoimmune, diabetes, Europeans, latent

1 | INTRODUCTION

Diabetes mellitus (DM) is a chronic disorder caused by relative or abso-

lute insulin deficiency and characterized by chronic hyperglycaemia.1

According to the data released by International Diabetes Federation

an estimated 415 million people have diabetes. Its incidence is increas-

ing rapidly, and by 2040, this number is expected to rise to 642million.2

It is expected that by the year 2025, 80% of all type 2 diabetic patients

will be living in developing or low‐and middle‐income countries.

Among Asians, there has been an overall increase in abdominal obesity

and the risk of diabetes in these populations starts at much lower body

mass index (BMI) as compared to Caucasians. South Asians are more

insulin resistant than Europeans despite low BMI.3

A significant proportion of diabetic patients with adult‐onset,

initially nonrequiring insulin treatment has autoantibodies against

pancreatic antigens in their sera. A new subclass of diabetes, latent

autoimmune diabetes in adult‐onset (LADA) has been proposed for

this category of subjects.4,5 Preliminary studies have demonstrated

that patients with autoimmune diabetes, characterized by the

presence of glutamic decarboxylase autoantibodies (GADA) display a

different clinical phenotype from classical type 2 diabetes (DM2)

without GADAs and tend to have sulphonylurea failure requiring early

insulin treatment6–8 Diagnosing LADA at an initial stage is important to

facilitate improved glycemic control as well as the preservation of

residual beta‐cell function. Ethnic variation and correct diagnosis of

LADA also have relevant therapeutic implications.3 Because of

differences in dietary habits, environmental factors, and phenotypic

characteristics between European and Asian populations, there may

be heterogeneity in the prevalence and characteristics of LADA in

these 2 populations. The aim of this review is to describe main
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characteristics of LADA and highlight the differences and/or similari-

ties of features LADA between European and Asian people. We

reviewed the literature using Medline, Pubmed, Pubmed central, Goo-

gle scholar, Science Direct, and Cochraine library database. Addition-

ally, data were collected through select reputable internet websites

and conference abstract books. Search terms, “latent,” “autoimmune,”

“diabetes,” “adults,” “Asia,” and “Europe” were included.

2 | AUTOIMMUNE DIABETES IN
ADULTHOOD

Adult‐onset autoimmune diabetes consists of several subgroups. In the

recent decades, it has been demonstrated that approximately 30% of

cases of classical type 1 diabetes (DM‐1A) are diagnosed after 30 years

of age (late‐onset type 1 diabetes).9,10

It has been recognized that around 10% of adult subjects initially

classified as DM2 have autoantibodies to pancreatic autoantigens in

their sera.11,12

Mostly Classic DM‐1A has been considered to be a childhood

disease. However, increasingly autoimmune diabetes is being observed

in adults. Depending upon the need of initial insulin treatment, clinicians

usually classify those who require immediate insulin as classical DM‐1A

and the other group not requiring insulin at least in the first 6 months

after diagnosis as LADA. Other parameters used in clinical practice to

distinguish DM‐1A from DM2 are phenotypic characteristics like age,

obesity, and presence of other autoimmune disorders. However, this

clinical distinction is not straight forward and not always correct.13

Hawa et al defined classic DM‐1A as subjects with diabetes and

associated autoantibodies in whom insulin was started immediately

at diagnosis or within 1 month of diagnosis.14 Characteristically,

patients with LADA progress slowly towards insulin requirement

(within 5‐6 years) and older patients with LADA show even a slower

progression.5,7 Further, LADA is discussed in greater detail below

describing phenotypic, clinical, immunogenetic characteristics, and

treatment options with focus on specific difference and similarities

between European and Asian population.

2.1 | Missing points in the present classification of
diabetes in adults

In adult patients with autoimmune diabetes, usually the presence of

residual β‐cell function makes the clinical presentation similar to

DM2. Additionally, many patients with DM2 remain undiagnosed

for years and present with severe hyperglycaemia requiring immedi-

ate insulin therapy. Diabetes is more heterogeneous than assumed.

The present ADA classification does not include many patients with

hybrid form of diabetes having genetic predisposition to both DM‐

1A and DM2 with pancreatic antibodies.15 This form of diabetes is

commonly called LADA or type 1.5 diabetes. Usually, these patients

initially diagnosed as DM2 do not require insulin therapy at least

within first 6 months but progress to insulin early as compared to

antibody negative patients.16 Such uncertainties mandate a revised

and improved classification of diabetes to include new emerging

types of diabetes.

3 | DEFINITION, DIAGNOSIS, AND
CHRACTERISTICS OF LADA

3.1 | Definition

Latent autoimmune diabetes in adult is defined as initially noninsulin

requiring diabetes with associated autoantibodies like GAD, protein

tyrosine phosphatase‐like protein autoantibody (IA‐2), insulin, or Zinc

T8 transporter antibody (ZnT8). Patients with LADA are at high risk

of progression to insulin dependency. Clinically, such patients are ini-

tially diagnosed with DM2.16,17

3.2 | Diagnosis

Action LADA group and the Immunology of Diabetes Society have

proposed the following specific criteria to diagnose LADA:

1. At diagnosis patient should be at least 30‐70 years of age

2. Presence of at least 1 of the 4 islet cell autoantibodies, ie, ICA,

autoantibodies to GAD65, IA‐2, and insulin) in serum

3. At least, 6 months of noninsulin requiring diabetes11,18

Presence of circulating islet autoantibodies distinguishes LADA

from DM2 and insulin independence at diagnosis distinguishes LADA

from classic DM‐1A.18

However, the criteria of insulin treatment with insulin within the

first 6 months are meant to distinguish LADA and classic DM‐1A

diagnosed after 30 years of age and is subjective.18 Initiation of insulin

treatment is dependent on the judgment of the treating physician and

should not be used alone to define patients with LADA.19

It has been argued that to define LADA, criteria of age >30 years is

incorrect and arbitrary as there is a subset of obese children who are

positive for pancreatic autoantibodies, but are not prone to

ketosis.20,21 As discussed earlier, the disease process in classic DM‐

1A and LADA is autoimmune in nature whereas the classic DM2 is

not autoimmune.22–24

4 | COMPARISION OF LADA BETWEEN
ASIAN AND WESTERN POPULATION

4.1 | Epidemiology

Around 3‐14 % of patients clinically diagnosed as DM2 have islet

autoantibodies in their sera. High frequency of 7%‐14% GADA‐

positive DM2 has been reported in northern Europe.7,25–27 Lower

frequency of 4%‐6% GADA positivity has been observed in studies

from southern Europe, Northern America, and Asia.28–32 This varied

frequency of GADA could be attributed to biases like selection criteria,

age at onset of diabetes, disease duration, and assays used.33

In Asia and particularly in India, data from studies assessing the

prevalence of LADA are sparse. Two studies from China reported 9%

and 5.9% prevalence of LADA, respectively.30,34 In Japan, the preva-

lence of GAD autoantibodies in adults with DM2 is 3%‐4% (Table 1,

Figure 1).31 Prevalence of adult onset DM‐1A in Japan is twice
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compared with childhood DM‐1A. The incidence rate of childhood

DM‐1A in Japan is the lowest in the world.42 Interestingly, similar

prevalence of 4.4% in both Korea and Italy was reported in a collabo-

rative project between both countries.43 Recently, Maddaloni et al

reported a prevalence of 2.6% in the United Arab Emirates (Table 1,

Figure 1).41 Prevalence of LADA among different population is shown

below (Table 1).& (Figure 1).

With reference to the prevalence of LADA in India, studies have

revealed controversial results36–39,44,45 Such variation in results may

be attributed to the differential aspects such as age at onset, demo-

graphics of the studied subjects, and methods used to measure

GAD/Protein tyrosine phosphatase‐like protein (IA‐2) antibodies. Con-

siderably, high prevalence of LADA was reported in few studies.36,37,46

These studies included specific subgroup of subjects who were young,

nonobese, and had early onset of diabetes with higher probability of

LADA.37,38 Such results may not represent the true prevalence of

LADA in Indian population. It is assumed that by applying the criteria

suggested by Immunology of Diabetes Society and European Action

LADA, the prevalence of LADA will be much lower.

Additionally, these studies do not specify the sensitivity and spec-

ificity as validated by Diabetes Antibody Standardization Program of

the methods used to measure GAD/IA‐2 antibodies.37,39,44,46 Sensitiv-

ity and specificity of the methods used may not be ideal.

4.2 | Similarities

Latent autoimmune diabetes in adult is prevalent among both Asians

and Europeans. Both Caucasians and Asian Chinese population have

shown difference in the prevalence of LADA between northern and

southern regions. Studies have reported higher prevalence of LADA

in Northern region of both Europe (7%‐14%) and China (6.5%).14,30

Frequency of LADA in Asians is somewhat similar to the prevalence

reported in Southern Europe. Amazingly, similar prevalence of 4.4%

was noticed in Korean and Italian populations.40,47

4.3 | Differences

Possibly, because of different lifestyle, diet, and phenotypic character-

istics, there are differences in the prevalence of LADA in both

TABLE 1 Prevalence of LADA in Asian and European population

Author n LADA (%) Region Age at Diagnosis Duration of DM (years) Other Specific Inclusion Criteria

Zhou et al30

LADA China
4880 5.9 China >30 <1

Xiuying et al34

China
498 9.2 China ≥35 Any

Katulanda et al35 992 2.6 Srilanka 16‐40 Not specified Age <45 y at the time of study

Kunungo et al36 214 42 India >20 Any

Shrivastav et al37 300 44.67 India >20 Not specified Age 25‐40 y, BMI <25 kg/m2, SU failure

Chandni R et al38 31 58 India >30 <3 BMI <23 kg/m2

Brahamkshatriya et al39 80 5 India

Takeda H et al31

(Ehime study)
4098 3.8 Japan >20 Any

Park Y et al40

KNDP study group
884 4.4 Korea 35 <5 Age 35‐70 y

Maddaloni et al41 17 072 2.6 UAE 30‐70 Any

Buzzetti, R28 NIRAD 4250 4.5 Italy >20 6 m‐5y

Radtke et al25

HUNT
1261 10 Norway

Tuomi T et al26

BOTNIA
1122 10.1 Finland >35 Any

Turner R et al7

UKPDS
3672 12 UK 25‐65 <1

Hawa et al14

Action LADA
6156 9.7 Europe 30‐70 <5

Abbreviations: BMI, body mass index; DM, diabetes mellitus; LADA, latent autoimmune diabetes in adult

FIGURE 1 Prevalence of latent autoimmune diabetes in adult in
different countries of Europe and Asia
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populations. Compared to Caucasians, results of large studies have

shown lower prevalence of LADA in Asian population ranging from

2.6 % in the United Arab Emirates to 5.7% in China. Two large

studies45,48 on Indian subjects also revealed low prevalence of LADA

2.6% and 3.2%. There seems to be a clear difference between the

prevalence of LADA in Northern Europe and Asia.

5 | CLINICAL, BIOCHEMICAL, AND
METABOLIC FEATURES

Generally, LADA patients are older than 30 years, nonobese, and

noninsulin requiring at diagnosis. However, presence of obesity does

not exclude LADA. These patients are initially noninsulin requiring but

progress towards insulin dependency within a short period ranging

from few months to years. As compared to classic DM2 subjects

(antibody negative), LADA patients are believed to have rapid progres-

sion to insulin dependence. Such patients show extremely diminished

C‐peptide reserve. As compared to patient with DM2, LADA patients

have lower rate of hypertension, lower BMI, waist‐hip ratio, total

cholesterol, and higher high‐density lipoprotein (HDL) cholesterol.49,50

An inverse relation between GADA titres and C‐peptide has been

reported in LADA patients with rapid progression to insulin

therapy.26,50 This observation might explain the higher incidence of

insulin treatment in patients with higher‐GADA titres. Conversely,

patients with low‐GADA titre need less insulin and have better

glycaemic control.

Insulin resistance (IR) may vary from low in DM‐1A to high in DM2.

It is known that IR does not have any significant role in the disease

process of autoimmune DM‐1A. However, there are controversies

related to the contribution of IR in the pathophysiology of LADA. It

has been hypothesized that IR may play a unique role in LADA.

In contrast to DM‐1A and DM2, in LADA, anti‐islet autoimmunity,

nonautoimmune β‐cell dysfunction and increased IR are 3 mechanisms

that are supposed to contribute in the disease process. In an ongoing

autoimmune destructive process of islet β cells, diabetes occurs when

insulin secretion is not able to meet the high demands rendered by IR

that varies from low in DM‐1A to high in DM2.51 Reports have

revealed that LADA patients have lower degree of IR than in DM2

but comparable to DM‐1A. Compared to the normal population, higher

degree of IR was observed in LADA and DM2 patients.52

In the LADA 3 study, significantly, higher prevalence of metabolic

syndrome (MS) has been reported in patients with DM2 than in

patients with LADA or adult DM‐1A. Significant difference was noted

in the frequency of MS in DM‐1A (31.9%) and LADA (41.9%) (P = .015).

Frequency in both groups was less than in DM2 patients (88.8%)

(P < .0001 for each). As a result of IR in LADA, the risk of MS and

cardiovascular complications may necessitate it to be considered as a

therapeutic target.51

5.1 | Similarities

Among both Caucasians and Asians, LADA is the most prevalent type

of adult‐onset autoimmune diabetes. As compared to classic DM‐1A,

LADA was far more frequent (OR 3.3) in the multicentred European

Action LADA 7 study.14 In Europe, prevalence of adult‐onset

autoimmune diabetes including LADA is greater than childhood DM‐

1A. Similar observations have been documented in China where

interestingly, childhood‐onset DM‐1A is rare.30

Both Caucasian and Asian patients have nearly the same mean age

at diagnosis (50.3 years ±12 versus 49.6 years ±8.3, respectively) and

hemoglobin A1c values (7.5% ± 1.7 versus 7.4% ± 1.5, respectively).47

Both Asian and Caucasian LADA patients have inflammatory cytokines

and/or chemokines including interleukin 6, lipocalin 2, and tumor

necrosis factor‐α similar to those in DM1 subjects.53,54 Various studies

from Asia and Western countries demonstrated that IR in LADA is

similar to that of DM2.55–57

5.2 | Differences

As compared to the Western Caucasian population, lower‐mean BMI

has been observed in Chinese Asians 28.7 kg/m2 vs 23.9 kg/m2.21,26

Similar findings were observed in another collaborative project

between Italy and Korea in which compared to Koreans, Caucasians

had significantly higher BMI (27 ± 5.1 vs. 25.3 ± 3.3 kg/m2)43,47

In Europeans, the frequency of MS in LADA is similar to that in

DM‐1A and less than in DM2.58 Whereas, Asians have a similar

frequency compared to that in DM2.56 Asian data has shown similar

high‐sensitivity C‐reactive protein (hs‐CRP), an inflammatory marker

in individuals with LADA and DM2.53 Metabolic syndrome in Asians

LADA patients is similar to DM2 whereas in European LADA patients

it is similar to DM‐1A.59 Asian patients with LADA may have higher‐

postprandial glucose values. A study has demonstrated that with the

same hemoglobin A1c levels, fasting blood glucose are significantly

higher in Caucasians as compared to Asian LADA patients.

Some relevant differences have been noted in the lipid profile of

these 2 populations. Triglycerides levels are significantly higher

(201 mg⁄ dl ± 169 mg⁄ dl versus 144 mg⁄ dl ± 104

mg⁄ dl, respectively, P < .01), (p < .01) in Asians whereas higher–

high‐density lipoprotein cholesterol levels (but not total) has been

reported in Caucasians (50 mg⁄ dl ±3 mg⁄ dl versus 44.7 mg⁄ dl ± 11 mg

⁄dl, respectively, P < .03) (p < .03). This difference may be attributed to

the different dietary pattern in these 2 populations.43

Ehime study showed that Japanese LADA patients required less

insulin treatment than Caucasians.54 In addition to immunological

factors, variation in environmental and genetic factors among different

races might be responsible for such observation.

In Europeans, LADA and DM1 patients had similar level of serum

adhesion molecules [soluble (s) E‐selectin, soluble intercellular

adhesion molecule (ICAM)‐1, and soluble vascular cell adhesion

molecule (VCAM)‐1] and chemokines (CCL2, CCL3, and CCL4).60

Compared to DM1 such markers were higher in Chinese LADA53

6 | IMMUNOLOGICAL FEATURES

Diabetes related antibodies are present in majority of subjects with

autoimmune diabetes. There are 4 most described islet autoantibodies,

namely, islet cell autoantibodies, to native insulin (IAAs), to GAD

(GADA), and to tyrosine phosphatase (insulinoma‐associated antigens
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IA‐2A and IA‐2ß).61–65 It was envisaged that these autoantibodies

played a direct role in the destruction of islet β cells. However, this

hypothesis has been questioned. It is still not clear if these antibodies

are only one of the markers of an autoimmune process or have direct

contribution in β‐cell damage.66 IA‐2A and IAA do not provide much

information in adults67,68 and finally, it is clear that in adult‐onset dia-

betes, GAD 65 autoantibodies are the most common autoantibody.

Antibody clustering characterizes classic childhood DM‐1A.11,33

Changes in the autoantibody status have been observed in longitudinal

studies.7,69 Evidence shows that during the disease process new

antibodies may develop and existing autoantibodies may get lost.70

It would be imperative to add that autoimmunity in DM2 is not

restricted to the presence of autoantibodies. Self reactive T cells

(Tregs) have been detected in autoantibody‐negative DM2

patients.71,72 T cells represent a strong link between inflammatory

and autoimmune alterations. It has been demonstrated that islet

reactive T cells can be present in phenotypic DM2 patients, and their

presence is associated with more severe β‐cell lesion and lower–

residual insulin secretion.71,72

6.1 | Similarities

In both Eastern and Western populations, GADA has similar rates of

positivity.73,74 To predict β‐cell function, GADA is considered the most

important antibody in both populations.75 Studies in both populations

have shown bimodality of GADA titre.28 In both, high‐GADA titre is

associated with autoimmune thyroid antibodies. Islet antigen‐reactive

T cell response in LADA reflects stronger autoimmune reaction than

DM2 but similar to DM1 in both populations.59

6.2 | Differences

Compared to positivity rates for other islet antibodies, namely, IAA,

IA‐2A, and Znt8 antibodies have been found to be lower in Chinese

populations.73,74 Decrement in the frequency of GADA with age

>30 years has been seen among Europeans.7 No such effect was

noticed among Chinese population.30 Compared to Italian population,

less number of patients had high‐titre GADA in China.28,30 Prevalence

of anti‐IA2, only positive LADA subjects from the United Arab

Emirates was higher than Europeans.41

7 | GENETIC FEATURES

Study by Desai et al analysed association of HLA‐DRB1 AND HLA‐

DQB1 genotype with LADA in a European population and showed

the difference in the distribution of HLA‐DRB1 and HLA‐DQB1

genotype between LADA and control subjects.

HLA‐DRB1 in the DRB1*0301/DRB1*0401 heterozygotes

conferred the highest risk for LADA. Protective effects of LADA were

conferred by the following genotypes: DRB1*0701/DRB1*0501‐06

and DQB1*0301/DQB1*0602 [77]

Howson et al investigated 21 human leukocyte antigen (HLA)

diabetes related loci and 24 non‐HLA loci in autoantibody positive

adult diabetic subjects. The analysed data revealed strong associa-

tion with highly DM1 predisposing alleles, HLA‐DRB1*03 (DR3) and

HLA‐DRB1*04 (DR4), without evidence of synergistic effects (OR

5.36 for DR3; OR 4.98 for DR4).76

As for the European population, in LADA China study, analysis of

HLA‐DQ gene showed significantly higher frequency of 63% diabetes‐

susceptibility haplotypes in patients with LADA compared to subjects

with DM2 (47.1% ) and control (43.2%). Frequency of diabetes‐

protective haplotypes was significantly lower in LADA (22.8%) than

DM2 (33.3%) and control subjects (32.7%).30 Common and different

diabetes susceptibility haplotypes in Europeans and Asians are shown

below (Table 2).

Insulin (INS) (11p15.5), followed by protein tyrosine phosphatase

nonreceptor type 22 (PTPN22) (1p13.2) showed strongest association

outside major histocompatibility complex region. In the past, it has

been demonstrated that DM‐1A specific genes like HLA, PTPN22,

and INS increases the risk of LADA. On the basis of these observations,

it has been suggested that LADA represents a subtype of classic DM‐

1.78,79 However, evidence has shown that LADA differs from this sub-

group of DM‐1A. Patients with LADA have less severe symptom and

progression towards insulin dependence is slow similar to DM2.11

Later, various studies have shown the association of strong DM2

susceptibility gene transcription factor 7‐like 2 (TCF7L2) gene

(10q25.3) variant rs 7903146 C to T polymorphism with LADA.80,81

This finding raised the possibility of TCF7L2 gene contributing to the

risk of LADA. TCF7L2 gene has not been found to be associated with

DM‐1A.11,82 TCF7L2 gene variant confers similar effect size in LADA

and DM2.

Because of the overlapping of path mechanisms, LADA is not

clearly distinguishable from DM1 and DM2. LADA lies in the middle

of the continuous spectrum of the diabetes disease process starting

from classic childhood DM‐1A and age‐related deterioration of glu-

cose tolerance at other end.83

Padmos et al investigated the differential patterns of inflammatory

gene expressions in monocytes of patients with DM‐1A (juvenile

onset), LADA, DM‐1A (adult onset), and as controls, DM2 patients

and healthy controls. These genes are involved in the process of

inflammation, motility, adhesion, chemokines, cell survival/ apoptosis,

TABLE 2 Common and different diabetes susceptibility haplotypes in European and Asians30,77

Common Chinese Asians Europeans

DQA1*03‐DQB1*0302, DQA1*03‐DQB1*0303, DQB1*0201/DQB1*0202;

DQA1*03‐DQB1*0401 DRB1*0301/DRB1*0301;

DQA1*05‐ DQB1*0201 DQB1*0302/DQB1*0302

DQB1*0201/DQB1*0501

DRB1*0301/DRB1*0701;
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mitogen activated protein kinase pathway and metabolism. Two clus-

ters of genes were identified. Cluster 1 included 12 proinflammatory

cytokines with putative gene phosphodiesterase 4B (PDE4B) and clus-

ter 2 comprised 10 genes with putative fatty acid‐binding protein 5

(FABP5). PDE4B plays crucial role in the cytokine production of

monocytes [144] and FABP5may play a role in fatty acid uptake, trans-

port, and metabolism.84

Overall, cluster 1 was found in LADA (60%), adult‐onset DM1‐A

( 28%), juvenile‐onset DM‐1A ( 10%), and DM2 (10%) whereas clus-

ter 2 was found in 43% of juvenile‐onset DM1‐A and 33% of LADA

patients less and than 10% each in adult‐onset DM1‐A and control

subjects. In monocytes of DM2 subjects, many inflammatory genes

showed upregulation but mostly (83%‐100%) had normal expression

of PDE4B and FABP5, the key genes. The distinct monocyte gene

expression profile supports the idea of heterogeneity in the patho-

genesis of autoimmune diabetes.84

7.1 | Similarities

Data from both Western and Eastern countries have shown that in

general, compared to DM2, HLA diabetes susceptibility haplotypes

are more frequent in LADA and DM1 whereas protective haplotypes

are less frequent.28,85 High‐risk HLA haplotypes are associated with

younger age, lower–β‐cell function, leaner body shape, and presence

of multiple islet autoantibodies.26,29–31,86

7.2 | Difference

In Asian Chinese, most common susceptible HLA‐DQ genes are

moderate risk haplotypes DQA1*03‐DQB1*0303, DQA1*03‐

DQB1*0401, and DQA1*05‐DQB1*0201 and protective haplotype

DQA1*0102‐DQB1*0602.30,87 whereas Caucasian patients with LADA

show increased frequency of high‐risk susceptible DRB1*03/DRB1*04‐

DQB1*0302 haplotype. β‐ cell damage in Asians may be less severe as

in comparison to Caucasians, Chinese LADA subjects have moderate

immunogenotype.26,86

DM2 associated geneTCF7L2 is also associated with LADA. Single

nucleotide polymorphism of TCF7L2 in Chinese is rs290487 allele

different from Europeans with rs7903146T allele.88,89

8 | TREATMENT STRATEGIES

Considering the autoimmune nature of LADA with impairment of β cell

function at diagnosis, insulin therapy is the treatment of choice. Initial

treatment with glibenclamide should be avoided as it might further

aggravate the autoimmune process.90 Metformin can be useful in

obese patients with LADA. However, the treatment of choice is insulin.

Insulin does not seem to have immunomodulating effect and

cannot be considered a preventive treatment for autoimmune diabe-

tes. Unspecific effect of insulin on glucose toxicity helps in improve-

ment of β‐cell function.91–93 DiaPep277, a heat‐shock protein

peptide was found to preserve endogenous insulin perhaps through

induction of a shift from T‐helper 1 (interferon‐γ production reduced)

to a T‐helper 2 (interleukin 9 and ‐13 increased), which are produced

by autoimmuneT cells. Further studies are needed to clarify the effect

on β‐cell function in autoimmune diabetes.94

Subcutaneous GAD65 in LADA increased fasting C peptide levels

after 24 weeks in those treated with moderate doses of 20 μg. Inter-

estingly, lower (4 μg) or higher (50 or 100 μg) doses did not show

any difference. This is first safe report of immunomodulation in

LADA.95

In comparison to insulin alone, treatment with DPP4 inhibitor

sitagliptin and insulin maintained β‐cell function in LADA patients.96

Exenatide, a Glucagon‐like peptide (GLP‐1) agonist as adjunctive agent

to insulin therapy shows beneficial effects on postprandial glucose and

insulin sensitivity in DM‐1A patients and in future, along with insulin,

as an adjunct therapy, incretins may play a vital role in the manage-

ment of these patients.97 Considering these results, it can be

hypothesised that these agents might have a potential therapeutic role

in the management of LADA patients in future.

Recently, keeping in mind the pit falls of earlier therapeutic

approaches used in DM1, recently, a novel trial using the immunosup-

pressant agent cyclosporine A, a proton pump inhibitor, lansprazole

that markedly increases the plasma gastrin levels was started.98

Data from Cohraine database have reported that treatment with

Sulphonylurea (SU) leads to earlier insulin dependence. Vitamin D with

insulin may protect pancreatic beta cells in LADA. Novel treatments such

as GAD65 in certain doses (20 μg) have been suggested to maintain

fasting and stimulated C‐peptide levels. Presently, no significant

evidence exists to justify in favour of or against available treatment of

LADA. However, in view of above data SUs, most frequently used oral

hypoglycaemic agents (OHA) should be avoided in patientswith LADA.99

Future strategies should be based on the development of

pharmacological therapies not only to cure autoimmune diabetes but

most importantly for prevention. As targeting autoimmunity is a

difficult drug target, unless potential drugs are used for prevention,

the benefits will reach only to the limited population. Potential

therapeutic development should focus on pancreatic preservation

and regeneration.

8.1 | Similarities

In spite of the fact that LADA is a prevalent subtype of diabetes,

no treatment guidelines for LADA are available. In any population,

general treatment strategy for LADA should target glycaemia,

immunomodulation, and long‐term β‐cell preservation. Studies in both

Asians and Europeans clearly show the contraindication of SU as

potential therapy in LADA from both physiopathology and clinical

observations.42,90,100 Insulin does not seem to have immunomodulating

effect and cannot be considered a preventive treatment for

autoimmune diabetes. However, treatment with insulin has shown

better preservation of beta‐cell function in both populations probably

by reducing glucose toxicity.91–93,101

Use of DPP4 inhibitors in both Asian Chinese and Caucasians have

shown to improve C‐peptide levels.96,102,103 However, more studies

are needed to assess the long‐term clinical effects.

Further, potential treatment like subcutaneous GAD65 in LADA

focusing on immunomodulation and long‐term beta‐cell preservation
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have shown positive results in Western population and are likely to be

tested in Asian Chinese population in the near future.95

8.2 | Differences

To date, there are no evidences to suggest different treatment

strategies for LADA in Asian and European people. However, it is

hypothesised that due to differences in ethnicity, lifestyle, and eating

habits, efficacy of any particular treatment in LADA may differ

between 2 populations in a similar way as in Asian DM2 patients in

whom incretin‐based therapies and alpha‐glucosidase inhibitors show

better efficacy than in Caucasians.104,105

A pilot trial using rosiglitazone plus insulin in Chinese Asians

showed preserved β‐cell function as compared to Insulin alone.106

Interestingly, Chinese herb extract tripterygium an oral immunosup-

pressive agent maintained stimulated C‐peptide levels in Chinese

LADA subjects.107,108 Similarly, in one study, 1‐α‐hydroxyvitamin D3

exhibited protective effects on residual β‐cell function in Asian

Chinese LADA subjects.109 No such data is available in European

population

9 | CONCLUDING REMARKS AND FUTURE
OUTLOOK

Most patients with adult‐onset autoimmune diabetes are noninsulin

requiring at least, in the first few months after diagnosis. However,

as discussed earlier, the criteria of age at onset and the insulin free

period are arbitrary. In clinical practice, substantial number of patients

who initially present as DM2 may actually have decline in β‐cell

function because of autoimmune‐mediated damage of beta cells.

Because of the slow progression, if not diagnosed early in the disease

process, these patients may eventually be managed with OHA's for

years particularly in the developing world. The suboptimal glycaemic

control will lead to more long‐term complications of diabetes.

In spite of heterogeneity seen in the prevalence, clinical features

and diagnostic criteria's used in various studies with different ethnic

population, it is known that a condition presently known by the name

LADA exists and should be diagnosed early in the disease process.

Although, this condition may be known by any other names as men-

tioned earlier but it is important to classify this condition as it may have

therapeutic implications. Because of the immunegenetic and clinical

heterogeneity of LADA seen in various populations, the results of

studies done in various populations cannot be extrapolated to other

ethnic groups. More studies are required from populations with

different ethnic backgrounds to correctly classify this subgroup and

further investigate possibilities of future treatment option. Future

therapeutic strategies have been discussed above.
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Abstract
Aims: We undertook a study to investigate the prevalence and 

general characteristics of patients with Latent autoimmune diabetes 
in adults (LADA).

Methods: This was a cross-sectional investigation conducted 
in the National Capital Region of India. Total of 139 subjects were 
recruited in the study. All subjects were screened for Glutamic acid 
decarboxylase autoantibody (GADA). GADA was analysed using ELISA 
kits with 98% specificity and 92% sensitivity.

Results: The prevalence of LADA was 6.5% (6.3% in men and 
6.8% in women); 95% Confidence interval (CI): 3.29 - 12.0% among 
adult-onset diabetic patients. Prevalence of LADA seemed to gradually 
decline with increasing age. LADA (n=9) and DM2 (n=130) patients 
were compared. LADA patients were younger (p = 0.045), had lower 
age at onset of diabetes (p = 0.025), waist circumference (p = 0.021). 
LADA patients had also longer duration of diabetes (p = 0.045).  There 
was no significant difference in BMI between two groups.

Conclusions:  Our results indicate that LADA represents 6.5 % of 
cases among adult-onset diabetes in a region of north India.  LADA is a 
prevalent form of adult-onset autoimmune diabetes and not rare. This 
study shows different phenotypic features of LADA patients compared 
to DM2 patients. In the developing world, sometimes routine antibody 
testing may be considered not to be cost-effective. Thus, clinical and 
phenotypic features of LADA may help clinicians recognize patients 
for potential antibody screening.

Keywords:  Adult; Autoimmune; Diabetes; latent
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Introduction 
Previously, autoimmune diabetes was generally considered to 

be a disease of childhood and adolescence, however, these days 
this concept does not hold true. It has been observed that adult-
onset autoimmune diabetes is not as rare as once considered. 
Almost, for last two decades, Latent autoimmune diabetes in 
adults (LADA) had been continually an area of interest and 
concern for researchers and clinicians worldwide. As the name 
suggests LADA is autoimmune mediated diabetes of adult onset 
defined by the presence of at least one diabetes associated 
pancreatic auto antibodies in their sera [1,2].

Glutamic decarboxylase autoantibodies (GADA) are the most 
prevalent and persistent autoantibodies in majority of patients 
with LADA. Although, the fluctuating titer of GADA in serum may 
pose challenges in the diagnosis of LADA in some patients [3,4].  
Insulinoma-Associated Antigen (IA-2A) antibodies alone are not 
used to screen patients due to very low diagnostic sensitivity for 
LADA [5].

Preliminary data has shown that patients with autoimmune 
diabetes, characterized by the presence of GADA, display a 
different clinical phenotype from classical type 2 diabetes (DM2) 
without GADA [2,6,7].

Over the years, LADA has been extensively studied by 
various investigators but many controversial issues related to its 
etiopathogenesis and potential treatment options still prevail. 
Due to resemblance of phenotypic characteristics, slow onset 
and non requirement of insulin at diagnosis, LADA is generally 
misdiagnosed as DM2 and the correct diagnosis is delayed by 
years.

LADA has been described as a subtype of T cell-mediated 
DM-1 [3,8]. However, the association of DM-2 associated 
Transcription factor 7-like 2 (TCF7L2) and Zinc finger MIZ-type 
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containing 1 (ZMIZ1) risk gene variants with LADA  is important 
and against the arguments denying LADA as a distinct entity; also, 
the differences in human leukocyte antigen (HLA) haplotypes 
for both risk and protection complement the idea of LADA as a 
separate identity [9-13].

Both classic DM-1A and LADA are autoimmune in nature 
but lack of necessity of insulin treatment at diagnosis or at least 
within first six months after diagnosis clinically, differentiates 
LADA from classic DM1-A [14,15]. Mostly, only one pancreatic 
autoantibody is present in LADA patients whereas, DM-1A 
patients typically are positive for more than one pancreatic auto 
antibodies [16]. Epidemiological studies from different parts of 
the world have shown diverse prevalence of LADA ranging from 
0% in an ethnic group of Papua New Guinea to approximately 
10% in European individuals [15,17].

In European Action LADA study, within the entire cohort of 
patients with autoimmune diabetes, 90.5% were positive for 
GADA. A significant difference was noted in the characteristics of 
autoantibodies-positive patients compared with autoantibodies-
negative patients. Action LADA experience has shown that nearly 
10% of adult-onset diabetic patients have autoimmune diabetes, 
and LADA is more prevalent than classic type 1 diabetes [15].

Similarly, based on GADA positive results in a large LADA 
China study, 5.9% patients were classified as LADA [18]. In 
concordance with European population, a clear difference in 
phenotypic and biochemical characteristics was observed in 
GADA-positive patients. In comparison with GADA-negative type 
2 diabetic subjects, GADA positive subjects were leaner, had lower 
insulin secretion and less metabolic syndrome.

Data from South Asian region on LADA are sparse. Significant 
discrepancy in the frequency of LADA has been observed in earlier 
studies on Indian population ranging from 2.6% to 58 % [19]. In 
part, such heterogeneity in the results could be attributed to the 
regional diversity and different methodology adopted by authors. 
Some of these studies included only specific subgroups like 
subjects with low BMI, young age (< 25 years) and sulfonylurea 
failure with likelihood of high prevalence of LADA [19].

LADA may have ethnic variations and results from particular 
population cannot be extrapolated to other population. 
Diagnosing LADA early in the disease process is important as 
it may have therapeutic implications [19]. Many similarities 
and differences exist between Asian and European population 
with LADA [19]. To have a better understanding of LADA more 
research needs be carried out, especially in the developing 
economies with approximately 2/3 of world’s diabetic population 
[20]. In view of the extreme variations seen in the results of past 
studies on Indian subjects, we undertook a study to investigate 
the prevalence of LADA and also assess general characteristics 
of patients with LADA. To diagnose LADA, we adopted diagnostic 
criteria as suggested by Immunology of Diabetes society (IDS) 
and European Action LADA group using a Diabetes antibody 
standardization program (DASP) validated method.

Methods
Subjects

This study was conducted in the National Capital Region 
(NCR) of Northern India and included diabetic patients over 
30 years of age consecutively attended at the Diabetes Clinic. 
Majority of the population investigated were inhabitants of the 
urban areas of NCR surrounding the capital city of New Delhi. All 
participants were natives of Northern states of India mainly Uttar 
Pradesh, Uttarakhand, Punjab, Haryana, Bihar and Delhi. The 
socio-economic status of most of the study participants ranged 
from lower middle to upper middle.

Study Design

This study was a cross-sectional investigation. The Sample 
size was calculated by accepting the confidence interval of 95% 
(0.95) for a precision of +/- 0.05 units in two sided test for an 
estimation proportion 0.1, from November 2015 until June 2016 
total of 139 subjects were recruited in the study. Inclusion criteria 
were 1) age at diagnosis between 30 – 70 years 2) Duration of 
disease between 6 months to 5 years. Any subject not fulfilling 
the inclusion criteria or not willing to participate were excluded.

In this population, subjects with glutamic acid decarboxylase 
autoantibody (GADA) in whom insulin was started at diagnosis or 
within 1 month after diagnosis were to be defined as DM1-A. [15] 
All antibody negative subjects were diagnosed as DM2. [21] LADA 
was defined as patients aged 30-70 years at the time of diabetes 
diagnosis who did not require insulin for at least 6 months after 
diagnosis, with GADA depicted at their sera.

Methodology

We reviewed detailed medical history of all subjects with the 
aim of collecting clinical and demographic data. All subjects were 
screened for GADA. GADA was analysed using RSR- ELISA kits (RSR 
Limited, Cardiff, UK) with 98% specificity and 92% sensitivity in 
the DASP 2005 [22]. Venous whole blood was collected in plastic 
serum separator tubes. Specimens were centrifuged for at least 
15 minutes within one hour of collection. Thereafter, serum was 
transferred to properly labelled plastic-screw cap vial and frozen 
at -20 degree Celsius. All frozen samples were processed within a 
week of storage. Assay cut off of < 5 U/ml was considered negative 
and ≥ 5 U/ml was considered positive.

Statistical analysis

Quantitative variables were described as means ± standard 
deviations or medians and inter quartile ranges. Categorical 
variables described were described as n (%) Mean values 
between groups were compared using Independent t-Test/Mann-
Whitney U test.  The comparison of categorical variables was 
analyzed using chi-square /fisher exact test.

For all analyses, IBM SPSS statistics for windows software 
(version 21.0; Armonk NY, USA) and an alpha value of 0.05 for 
statistical significance were used.
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Results
Demographics of study participants

The 139 study subjects consisted of 80 (57.6%) male and 59 
(42.5%) female. Overall, mean (SD) age was 46.7 (9.3) years and 
age at diagnosis was 43.9 (9.5) years. The mean disease duration 
was 34.5 (17.9), waist circumference was 96.3 (9.9) cms and BMI 
was 28.1 (4.8) kg/m2. The demographics of studied participants 
are shown in (Table 1).

Table1: Baseline demographics of all 139 study subjects

Characteristics Mean ± SD, Median [IQR] or n (%)

Males, n (%) 80 (57.6)

Females, n (%) 59 (42.4)

Age (years) 46.7 ± 9.3

Age at diagnosis (years) 43.9 ± 9.5
Duration of disease 
(months) 34.5 ± 17.9

Weight(kg) 74.7 ± 13.2

BMI(kg/m2) 28.1 ± 4.8

Waist circumference (cms) 96.3 ± 9.9

Family history of diabetes, 
n (%) 90 (64.7)

Data are expressed as means (SD), median [IQR] or n (%)

Prevalence of adult-onset autoimmune diabetes

Within the entire cohort of 139 subjects with adult-onset 
diabetes, 9 (6.5%) were positive for GADA. All antibody positive 
subjects did not require insulin within first six months after 
diagnosis of diabetes and were classified as LADA. As per the 
diagnostic criteria adopted by us, no subject was diagnosed with 
DM1-A.

GADA negative 130 subjects were diagnosed with DM2. The 
prevalence of LADA was 6.5% (6.3% in men and 6.8% in women); 
95% Confidence interval (CI): 3.29 - 12.0% among adult-onset 
diabetic patients. Prevalence of LADA seemed to gradually decline 
with increasing age. However, the prevalence of DM2 continually 
increased with age. Age wise prevalence of LADA and DM2 is 
shown in (Table 2) and (Fig. 1).

Comparison of phenotypic features of LADA and DM2 
subjects

LADA (n=9) and DM2 (n=130) patients were compared. LADA 
patients were younger (40.8 ± 7.6 vs. 47.2 ± 9.3 years; p = 0.045), 
had lower age at onset of diabetes (37.1 ± 7.4 vs. 44.4 ± 9.4 years; 
p = 0.025), waist circumference (88.9 ± 8.3 vs. 96.8 ± 9.8 cms; 
p = 0.021). LADA patients had also longer duration of diabetes 
(46 ± 12.7 vs. 33.7 ± 17.9; p = 0.045).  Frequency of positive 
family history of diabetes was lower in LADA patients however, 
the difference was not statistically significant (44.4% vs. 66.2; 
p = 0.278). There was no significant difference in BMI between 
two groups. The phenotypic characteristics of LADA and DM2 
patients are summarized in (Table 3).

Table 2: Age and Gender wise prevalence of LADA and DM2 among all 
study subjects n=139

Age 
(years)

LADA DM2

Male Female Total Male Female Total

< 40 4/26 
(15.4) 1/10 (10) 5/36 

(13.9)
22/26 
(84.6)

9/10 
(90)

31/36 
(86.1)

40-49 1/33 (3) 2/16 
(12.5) 3/49 (6.1) 32/33 

(97)
14/16 
(87.5)

46/49 
(93.9)

50-59 0/18 (0) 1/22 (4.5) 1/40 (2.5) 18/18 
(100)

21/22 
(95.5)

39/40 
(97.5)

≥ 60 0/3 (0) 0/11 (0) 0/14 (0) 3/3 (100) 11/11 
(100)

14/14 
(100)

Total 5/80 (6.3) 4/59 (6.8) 9/139 
(6.5)

75/80 
(93.8)

55/59 
(93.2)

130/139 
(93.5)

Data expressed as n (%)

Figure 1: Age wise prevalence of LADA and DM2 among all study 
subjects. 

Table 3:  Characteristics of LADA subjects vs. DM2 subjects

Cases LADA  (n=9) DM2 (n=130) P-value

Females, n (%) 4 (44.4%) 55 (42.3%)

Males, n (%) 5 (55.6%) 75 (57.7%) 1

Age (years) 40.8 ± 7.6 47.2 ± 9.3 0.045

Age at diagnosis 
(years) 37.1 ± 7.4 44.4 ± 9.4 0.025

Disease Duration 
(months) 46 ± 12.7 33.7 ± 17.9 0.045

BMI (Kg/m2) 25.6 ± 4.2 28.3 ± 4.8 0.108
Waist 
circumference 
(cms)

88.9 ± 8.3 96.8 ± 9.8 0.021

Family history of 
Diabetes, n (%) 4 (44.4%) 86 (66.2) 0.278

Data are expressed as means (SD), median [IQR] or n (%)
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Discussion
Adult-onset autoimmune diabetes had been continually 

an area of interest for clinicians and researchers worldwide. In 
the past, DM1-A was invariably considered to be the only form 
of autoimmune diabetes in both children and adults. However, 
in the last few decades growing number of publications have 
supported the idea of another form of adult- onset autoimmune 
diabetes called LADA, which in comparison to DM1-A, have slow 
onset, but generally show faster deterioration of β-cell function 
when compared to DM2. For many years, the concept of LADA 
as a distinct identity has faced many controversies [23]. The 
adaptation of age and insulin criteria’s in defining LADA has been 
criticized [24,25].

In spite of all controversies, the concept about LADA, is 
undeniable today [2]. It may be known by any other name but 
clearly there is a sub-group of adult patients, clinically diagnosed 
as DM2 who are initially non insulin requiring and have evidence of 
autoimmunity. To some extent, neither age cut-off nor the time to 
insulin treatment means so much. However, from epidemiological 
point of view, to establish correct prevalence and characterize 
LADA in various populations, standardised diagnostic criteria is 
required. By adopting standardised criteria and valid methods, it 
would be more appropriate to do rational comparison between 
different populations.

Differences in the prevalence of LADA have been observed 
worldwide probably, due to the heterogeneity of type of adult-
onset autoimmune diabetes. Past studies involving Indian subjects 
have resulted in inconclusive heterogeneous information which 
can be attributed to the discrepancy in methodology adopted by 
various investigators to diagnose LADA [26,27].

We investigated the prevalence of adult-onset autoimmune 
diabetes and characterized the phenotypic features of patients 
diagnosed with LADA in Asian Indians. The features of LADA 
were compared with antibody-negative patients with DM2.

In the current study, LADA emerged as the most prevalent 
form of adult-onset autoimmune diabetes. Similar observations 
of LADA being more prevalent than DM-1A were reported by 
a multicenter European Action-LADA study and a study from 
UAE involving a large cohort of adult-onset diabetic subjects 
[15,28]. As per Immunology of Diabetes society (IDS) and Action-
LADA group diagnostic criteria, based on GADA measurement, 
the prevalence of LADA in our cohort was 6.5% which was 
surprisingly, exactly similar to the LADA prevalence reported in 
the northern region of China in a large multicenter LADA China 
study [18]. The overall prevalence of LADA in China, based on 
GADA determination, was 5.9% [18].

The prevalence of LADA in our study was lower than 9.7%  
and 11.6% observed in European subjects but higher than in 
a cohort from UAE 2.6%, South Korea 1.7% and 4.4%, Japan 
3.8% (EHIME study) and North America 4.2% (ADOPT study) 
[15,7,28,29,30,31,32]. To ascertain prevalence of adult-onset 
autoimmune diabetes, similar to our study, some studies used only 
GADA whereas additionally IA-2/ICA and/or znt8 autoantibodies 

were used by others [15,18,28,31].

GADA are most frequent and persistent autoantibodies [3]. 
Among GADA negative patients, only small proportion of patients 
are positive for other diabetes associated autoantibodies. Thus, 
majority of autoimmune diabetes in adults can be detected by 
using only GADA measurement and GADA only can be used for 
screening LADA specifically, in resource constraint settings in the 
developing world [3]. The expected difference in LADA prevalence 
using only GADA or GADA along with other diabetes autoantibody 
would not be significant [15].  In the past, low frequency of IA-2 
autoantibody has been reported among adults of North Indian 
origin and Indo-Aryan children with DM1 [33,34].

Prevalence of LADA in our subjects was highest 13.9 % in 
individuals aged < 40 years; this is in contrast to the highest 
prevalence of 13.9% in patients aged 50-59 years in a small 
Chinese cohort [35]. However, consistent with our results, 
decreasing trend of LADA prevalence with increasing age was 
evident in large Chinese and European studies [15].

DM-1A was not prevalent in our cohort. There are no 
prevalence data available for adult-onset (> 30 years) DM-1A 
in North Indians but earlier studies have shown the prevalence 
of DM1-A to be lower among children and adolescents in North 
Indian populations than in Caucasians [34,36].

Frequency of GADA positivity in our cohort was considerably 
higher than 1.5% and 1.6% reported in two large studies involving 
adult north Indian subjects The participants of these two studies 
had higher mean age and longer duration of diabetes than in 
our study [33,37]. This can be the possible explanation for the 
discrepancy in results as diabetes autoantibodies in the sera tend 
to disappear with increasing age and duration of diabetes [3,15]. 
Moreover, sensitivity of the assay used for GADA measurement 
in one of these studies was lower than used in our analyses [37].

Prevalence of GADA positivity and LADA in the current study 
was much lower than demonstrated in Southern India [27,38]. 
This is contrary to the findings observed in China and Europe, 
where compared to north, the frequency of LADA was lower in the 
southern region [9,18,39–42]. Interestingly, lower frequency of 
LADA 2.6% was noted in an island nation Srilanka near southern 
coast of India [43]. It needs to be assessed if geographical, climatic 
and cultural differences within a country or continent directly 
contribute towards regional discrepancies in the prevalence of 
LADA by conducting large scale studies.

Characteristics of LADA among European, Chinese and Arab 
populations are remarkably different from GADA-negative DM2 
subjects [15,18,28]. In accordance, patients with LADA in our 
cohort, compared with DM2 patients, were younger at recruitment 
and onset of diabetes, had lower waist circumference.

There are some limitations of our study. We acknowledge 
that due to small sample size we cannot generalize our results 
however, to best of our knowledge this is the first study 
investigating the prevalence and general characteristics of LADA 
in the National Capital Region of India. Hence, our study paves 
the way for future research with large sample size. Further, due to 
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inclusion of patients with disease duration up to five years after 
diagnosis, LADA cases might have been underestimated as GADA 
titer may fluctuate and decrease over time.[3]

Conclusion
Our results indicate that LADA represents 6.5 % of cases 

among adult-onset diabetes in a region of north India.  LADA 
is a prevalent form of adult-onset autoimmune diabetes and 
not rare. This study shows different phenotypic features of 
LADA patients compared to DM2 patients. These patients are 
generally misdiagnosed with DM2 and receive sulphonylurea 
therapy for years, which, further exhausts β-cells and aggravates 
the autoimmune process [44]. The knowledge that adult-onset 
diabetic have GADA should alert the health care providers to the 
high probability of more rapid progression to insulin therapy 
than in classic type 2 diabetes. In future, along with insulin, other 
potential pharmacological therapies like incretins, vitamin D and 
GAD65, which tend to preserve β-cells, may play an important 
role in the management of these patients [19].

To avoid use of β-cell damaging therapies and achieve optimal 
metabolic control in these patients it becomes increasingly 
important to screen for LADA early. Early insulin treatment in 
LADA may restore better metabolic control however; no clear 
potential long term effect has been demonstrated on preservation 
of beta cell function [45]. Not all, but majority of LADA patients 
tend to progress towards insulin dependency within a few years 
after the diagnosis. The risk of developing other organ-specific 
autoimmune diseases in LADA patients is high [5].

In the developing world, sometimes routine antibody testing 
may be considered not to be cost-effective. Thus, clinical and 
phenotypic features of LADA may help clinicians recognize 
patients for potential antibody screening.
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Latent Autoimmune Diabetes in Adults in North Indian Region:
Assessment of b-Cell Function, Metabolic

and Immunological Features

Alok Kumar, MD,1,2 and Alberto de Leiva, MD, PhD, FACE1,3,4

Abstract

Background: We undertook a study to assess b-cell function, metabolic and immunological features of patients
with latent autoimmune diabetes in adults (LADA) and investigate heterogeneity within LADA based on low
and high glutamic acid decarboxylase autoantibodies (GADA) titers.
Methods: A total of 139 patients with adult-onset diabetes were examined cross-sectionally in the National
capital region of Northern India. Medical history of all subjects was reviewed with the aim of collecting clinical
data. Glucose, glycosylated hemoglobin, lipid profile, creatinine, C-peptide, and GADA were measured in
10–12 hrs fasting blood sample.
Results: Assessment of metabolic features revealed lower mean systolic blood pressure in subjects with LADA
than in those with type 2 diabetes (DM2). Mean triglyceride levels were lower in LADA subjects compared to
DM2 subjects. Compared to DM2 subjects, prevalence of metabolic syndrome (MS) was also lower in LADA
subjects. Compared to GADA-low, all GADA-high patients were male, had lower waist circumference, fasting
C-peptide (FCP), and prevalence of MS. Compared to DM2 patients, GADA-high patients were younger, had
lower age at onset, body mass index, waist circumference, systolic blood pressure, triglycerides, FCP, and
prevalence of MS. The rate of patients on insulin was higher in GADA-high compared to DM2. There were no
significant differences between characteristics of DM2 and GADA-low patients.
Conclusions: Our results indicate that LADA patients have distinct metabolic features with lower residual b-
cell function than DM2 patients. GADA titer is important parameter in defining the severity of the disease as
patients with high GADA titer tend to have significant b-cell impairment.

Keywords: latent, autoimmune, diabetes, b-cell, metabolic syndrome

Introduction

In the past, diabetes was considered to be a disease
specific to the developed world but in the last few de-

cades, the prevalence of diabetes in developing countries
has increased exponentially. Almost three quarter of dia-
betic population live in low- or middle-income economies.
In India, the prevalence of diabetes in adults is 9.3%.1

Type 2 diabetes (DM2) is the prevalent form of diabetes
among adults; however, adulthood does not exclude auto-
immune diabetes.2 A subset of adults, who are initially
presumed to have DM2, show islet autoantibodies in their

sera and are termed as latent autoimmune diabetes in adults
(LADA).3 These patients do not require insulin at the di-
agnosis of diabetes but generally progress toward insulin
requirement earlier than DM2 patients.4,5 Compared to the
high prevalence of 9.7% reported by a large European Ac-
tion LADA study, lower prevalence of LADA was observed
in Asians ranging from 2.6% to 5.7%.6–10 Glutamic acid
decarboxylase autoantibodies (GADA) are considered to be
the ideal marker for screening of LADA.11 In the Western
and Chinese populations, heterogeneity has been observed
in the clinical and metabolic features of low GADA titer
LADA patients and high GADA titer LADA patients.12

1Department of Diabetes, Endocrinology and Nutrition, Hospital de Sant Pau (HSP), Universitat Autònoma de Barcelona (UAB),
Barcelona, Spain.

2MK Diabetes Clinic, Ghaziabad, India.
3Principal Investigator, EDUAB-IIB-HSP (CIBER-BBN, ISCIII), Universitat Autònoma de Barcelona (UAB), Barcelona, Spain.
4Scientific Director, Fundació DIABEM, Barcelona, Spain.

METABOLIC SYNDROME AND RELATED DISORDERS
Volume 15, Number 10, 2017
� Mary Ann Liebert, Inc.
Pp. 494–499
DOI: 10.1089/met.2017.0103

494494494

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ita

t A
ut

on
om

a 
D

e 
B

ar
ce

lo
na

 f
ro

m
 o

nl
in

e.
lie

be
rt

pu
b.

co
m

 a
t 1

2/
13

/1
7.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



Although, LADA is autoimmune in nature it also shares
some metabolic features with DM2.2,13 Data about associ-
ation of metabolic syndrome (MS) with LADA are incon-
clusive. A Chinese study demonstrated a close association of
LADA with MS, which was comparable to DM2 patients.14

In contrast, a large multicenter European study showed
significantly higher prevalence of MS in DM2 patients than
in LADA patients and concluded that MS is not a charac-
teristic of LADA.15 Features of LADA differ between dif-
ferent populations.16 Data related to b-cell function, MS,
and features based on GADA titer in LADA patients are not
available in North Indians. Information on various charac-
teristics of LADA may help in better understanding of the
disease process and finding appropriate treatment strategies
in this population.

Therefore, we aimed to define b-cell function, metabolic
and immunological features and assess heterogeneity within
LADA based on low and high GADA titers. All features of
LADA were compared with DM2 patients.

Materials and Methods

This study was conducted in the National capital region
of North India. The study design was cross-sectional and
recruited consecutive patients with adult-onset diabetes
who attended Diabetes Clinic and fulfilled the inclusion
criteria. All subjects were aged 30–70 years and diag-
nosed within last 5 years. Total of 139 subjects that in-
cluded 9 LADA and 130 DM2 subjects were studied.
LADA and DM2 in the studied subjects were defined on
the basis of GADA status and time to insulin initiation.
GADA negative subjects were diagnosed as DM2, and
subjects with positive GADA who did not require insulin
at least in first 6 months after diagnosis were defined as
LADA.

Medical history of all subjects was reviewed with the aim
of collecting clinical data. Systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were measured twice in sitting
position. An average of both reading was used for analysis.
Glucose, glycosylated hemoglobin (HbA1c), lipid profile,
creatinine, C-peptide, and GAD-65 antibody (GADA) were
measured from a 10–12 hrs fasting blood sample.

Diagnosis of MS

MS was assessed according to the revised National
Cholesterol Education Program (NCEP): Adult Treatment
Panel III criteria17 All subjects fulfilled the criteria of hy-
perglycemia. In addition, two of the following criteria were
required for the diagnosis of MS:

1. Waist circumference ‡90 cm (Asian male) or ‡80 cm
(Asian female).

2. Serum triglyceride ‡150 mg/dL or use of drug treat-
ment for dyslipidemia.

3. Serum high-density lipoprotein cholesterol (HDL-C)
£40 mg/dL (male) or £50 mg/dL (female).

4. Systolic blood pressure (SBP) ‡130 mmHg and/or DBP
‡85 mmHg or use of antihypertensive medication.

Biochemical analysis and antibody assay

A fasting blood sample was collected and analyzed lo-
cally, using standardized assays to measure glucose, HbA1c,

the lipid profile, including the measurement of total cho-
lesterol (TC), triglycerides (TG), low-density lipoprotein
cholesterol (LDL-C), and HDL-C, creatinine, C-peptide, and
GAD-65 antibody. HbA1c was performed using Bio-Rad
Laboratories, Inc. VARIANT� II Dual (A2/F/A1c) instru-
ment by ion-exchange high performance liquid chromatog-
raphy, a National glycohemoglobin Standardization program
(NGSP) certified method. C-peptide was measured to assess
insulin secretion. It was analyzed using Siemens ADVIA
Centaur XP� immunoassay system by direct chemilumines-
cent technology with coefficient of variation <10% and nor-
mal reference range of 0.48 to 5.05 ng/mL.18

GAD-65 antibody

GAD-65 antibody was analyzed using RSR-ELISA Kits
(RSR Limited, Cardiff, UK) with 98% specificity and 92%
sensitivity in the Diabetes Antibody Standardization Program
(DASP) 2005.19,20 Assay cutoff of <5 U/mL was considered
negative and ‡5 U/mL was considered positive.21 Our results
did not show a bimodal distribution of GADA titer. Hence, to
analyze the characteristics of LADA subjects according to
GADA titer, based on the median value of GADA titer,
LADA subjects were stratified into two subgroups: GADA-
high titer (>13.6 U/mL) and GADA-low titer (£13.6 U/mL).
Due to small sample size, LADA subjects were not divided
into tertiles, that is, low, medium, and high titer levels.
Specimens for C-Peptide and GADA were transported, re-
frigerated, and processed same day or were frozen at or below
-20�C if the sample was not assayed within 24 hrs.

Statistical analysis

Quantitative variables are described as means – standard
deviations or medians and interquartile ranges. Categorical
variables were described as n (%). Mean values between
groups were compared using Independent t-test/Mann–
Whitney U test. The comparison of categorical variables
was analyzed using Chi-square/Fisher’s exact test.

IBM SPSS statistics for windows software (version 21.0;
Armonk, NY) and an a value of 0.05 for statistical signifi-
cance were used for all analyses.

For the purpose of C-peptide secretion analysis, disease
duration (in months) was calculated as the period between
the date of diagnosis and the date of the study assessment.
The disease duration was stratified into two periods (<36
months and >36 months) for the two categories analyzed,
that is, LADA and DM2.

Results

Metabolic characteristics

The metabolic characteristics of LADA and DM2 patients are
summarized in Table 1. LADA subjects presented a different
metabolic profile than DM2 subjects. Assessment of metabolic
features revealed lower mean SBP in subjects with LADA than
in those with DM2 (115.3 – 16.4 vs. 126.5 – 14.0 mmHg;
P = 0.033). Mean triglyceride levels (107 (92–141) vs. 151
(112.3–210) mg/dL; P = 0.033) were lower in LADA subjects
compared to DM2 subjects. Compared to DM2 subjects, prev-
alence of MS was also lower in LADA subjects (44.4% vs.
88.5%; P = 0.003). There was no significant difference in fasting
plasma glucose (P = 0.898) and HbA1c (P = 0.096) between
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LADA and DM2 subjects, but both parameters were higher in
LADA patients than in DM2 patients. Other parameters like
cholesterol-total, LDL-C, HDL-C, and DBP did not differ be-
tween two groups. Not significantly different but the proportion
of those on insulin treatment was higher in LADA subjects than
in DM2 subjects (22.2% vs. 4.6%; P = 0.085). Similarly, mean
time to start insulin was lower in LADA subjects than in DM2
subjects (0.449). The characteristics of LADA and DM2 patients
are summarized in Table 1.

Immunologic characteristics

LADA GADA-high subjects versus GADA-low sub-

jects. Patients with GADA at high titer (GADA-high, n = 4)
were compared with GADA at low titer (GADA-low, n = 5)
group. Compared to GADA-low patients, all GADA-high pa-
tients were male (0% vs. 80%; P = 0.048), had lower body mass
index (BMI) (22.6 – 4.1 vs. 28.1 – 2.4 kg/m2; P = 0.040), waist
circumference (82.6 – 7.4 vs. 94.0 – 4.8 cm; P = 0.026), fasting
C-peptide (FCP) (0.8 – 0.7 vs. 2.1 – 0.6 ng/mL; P = 0.025), and
prevalence of MS (0% vs. 80%; P = 0.048). No statistical sig-
nificance was observed between two groups although LADA
GADA-high patients required insulin more frequently (50% vs.
0%; P = 0.167). The characteristics of GADA-high versus
GADA-low titer are presented in Table 2.

LADA subjects with GADA at high titer (GADA-high) versus

DM2 subjects. Patients with GADA at high titer (GADA-high,
n = 4) were compared with DM2 (n = 130) group. Compared to
DM2 patients, GADA-high patients were younger (37.3– 3.6 vs.
47.2– 9.3 years; P = 0.035), had lower age at onset (33.3– 3.0 vs.
44.4– 9.4 years; P = 0.020), BMI (22.6– 4.1 vs. 28.3– 4.8 kg/m2;
P = 0.040), waist circumference (82.6– 7.4 vs. 96.8– 9.8 cm;
P = 0.005), SBP (105.5– 9.0 vs. 126.5– 14.0 mmHg; P = 0.003),
triglycerides (99.5 [83.8–107.0] vs. 151 [210–112.3] mg/dL;
P = 0.026), FCP (0.8– 0.7 vs. 2.3– 0.8 ng/mL; P = 0.001), and
prevalence of MS (0% vs. 88.5%; P < 0.001). The rate of patients
on insulin was higher in GADA high compared to DM2 (50% vs.
4.6%; P = 0.018). The characteristics of GADA high versus DM2
subjects are shown in Table 3.

GADA-low LADA subjects versus DM2 subjects. Patients
with GADA at low titer (GADA-low, n = 4) were compared
with DM2 patients (n = 130) group. There were no significant

differences between characteristics of DM2 and GADA-low
patients. The characteristics of GADA low versus DM2 patients
are presented in Table 4.

b-cell function. Above observations in Table 1 show that
subjects with LADA had lower FCP levels compared with
DM2 subjects (1.5 – 0.9 vs. 2.3 – 0.8 ng/mL; P = 0.009). For
the purpose of assessment of C-peptide secretions according
to disease duration, the LADA and DM2 groups were

Table 1. Characteristics of LADA Versus DM2 Subjects

Cases LADA (n = 9) DM2 (n = 130) P

SBP (mmHg) 115.3 – 16.4 126.5 – 14.0 0.023*
DBP (mmHg) 80.0 [65.5–82.0] 80.0 [75.0–84.3] 0.330
Antihypertensive treatment, n (%) 2 (22.2) 44 (33.8) 0.718
Triglycerides (mg/dL) 107.0 [92.0–141.0] 151.0 [112.3–210] 0.033*
Total cholesterol (mg/dL) 160.4 – 35.7 167.8 – 38.1 0.577
HDL-C (mg/dL) 46.1 – 7.5 43.2 – 10.8 0.425
LDL-C (mg/dL) 104 – 33.9 103.3 – 31.2 0.948
MS, n (%) 4 (44.4) 115 (88.5) 0.003*
Fasting plasma glucose (mg/dL) 139 [117.5–162.5] 137 [120–169.3] 0.898
HbA1c (%) 8.1 [7.0–10.6] 7.1 [6.6–8.5] 0.096
FCP (ng/mL) 1.5 – 0.9 2.3 – 0.8 0.009*
Insulin treatment, n (%) 2 (22.2) 6 (4.6) 0.085
Time to insulin (months) 25.0 – 26.8 47.2 – 5.3 0.449

Data are means – SD, median [IQR] or n (%), *Significant P values.
DBP, diastolic blood pressure; DM2, type 2 diabetes; FCP, fasting C-peptide; HbA1c, glycosylated hemoglobin; HDL-C, high-density

lipoprotein cholesterol; IQR, interquartile range; LADA, latent autoimmune diabetes in adults; LDL-C, low-density lipoprotein cholesterol;
MS, metabolic syndrome; SBP, systolic blood pressure; SD, standard deviations.

Table 2. Characteristics of GADA-High

Versus GADA-Low LADA in Adult Subjects

Cases
GADA-high

(n = 4)
GADA-low

(n = 5) P

Female, n (%) 0 (0) 4 (80)
Male, n (%) 4 (100) 1 (20) 0.048*
Age (years) 37.3 – 3.6 43.6 – 9.2 0.236
Age at diagnosis

(years)
33.3 – 3.0 40.2 – 8.8 0.178

Disease duration
(months)

50 – 11.2 42.8 – 14.1 0.433

BMI (kg/m2) 22.6 – 4.1 28.1 – 2.4 0.040*
Waist (cm) 82.6 – 7.4 94.0 – 4.8 0.026
SBP (mmHg) 105.5 – 9.0 123.2 – 17.3 0.109
DBP (mmHg)* 70.5 – 9.5 79.2 – 12.5 0.288
Antihypertensive

treatment, n (%)
0 (0) 2 (40) 0.444

Triglycerides (mg/dL)* 96.8 – 12.7 131.2 – 34.7 0.092
Total cholesterol

(mg/dL)
157.5 – 37.2 163 – 38.6 0.841

HDL-C (mg/dL) 47.8 – 6 44.8 – 9.0 0.590
LDL-C (mg/dL) 100 – 39.4 107.2 – 33.5 0.775
MS, n (%) 0 (0) 4 (80) 0.048*
Fasting plasma

glucose (mg/dL)*
140 – 29.9 154.8 – 57.8 0.659

HbA1c (%)* 8.9 – 3.2 8.8 – 1.7 0.953
Family history

of diabetes, n (%)
1 (25) 3 (60) 0.524

FCP (ng/mL) 0.8 – 0.7 2.1 – 0.6 0.025*
Insulin treatment 2 (50) 0 (0) 0.167

Data are means – SD or n (%), *Significant P values.
BMI, body mass index; GADA, glutamic acid decarboxylase

autoantibodies.
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stratified according to the duration of diabetes into two
periods (<36 months and >36 months) and compared. In
comparison to DM2 subjects, LADA subjects displayed sig-
nificantly lower FCP concentrations in those with <36 months
duration (1.73 – 0.10 vs. 2.29 – 0.88 ng/mL; P £ 0.001; 95%
confidence interval [CI]: -0.81 to -0.31) and the difference was
also evident in patients with >36 months of disease duration
(1.39 – 1.10 vs. 2.25 – 0.77 ng/mL; P = 0.016; 95% CI: -1.54 to
-0.17) (Table 5).

Discussion

It has been observed that characteristics of LADA in
European, Chinese, and Arab populations remarkably dif-

fer from GADA-negative DM2 subjects.6,7,10 In accor-
dance, patients with LADA in our cohort showed different
features than DM2 patients. LADA patients had lower
triglycerides, FCP, and frequency of MS than DM2 sub-
jects. As in Caucasians and Chinese,7,10 characteristics of
LADA patients with high-GADA titer in our study were
significantly different than low-GADA titer LADA pa-
tients. Patients with high-GADA titer, compared with low-
GADA titer, were more likely to be male, leaner, and on
insulin treatment with lower frequency of MS. FCP levels
were lower in high-GADA titer patients. Age difference
between high-GADA and low-GADA patients was not
significant. Contrary to our findings, compared to low-
GADA patients, European high-GADA patients tended to

Table 3. Characteristics of GADA-High LADA Subjects Versus DM2 Subjects

Cases GADA-high (n = 4) DM2 (n = 130) P

Females, n (%) 0 (0) 55 (42.3)
Males, n (%) 4 (100) 75 (57.7) 0.144
Age (years) 37.3 – 3.6 47.2 – 9.3 0.035*
Age at diagnosis (years) 33.3 – 3.0 44.4 – 9.4 0.020*
Disease duration (months) 50 – 11.2 33.7 – 17.9 0.074
BMI (kg/m2) 22.6 – 4.1 28.3 – 4.8 0.020*
Waist (cm) 82.6 – 7.4 96.8 – 9.8 0.005*
SBP (mmHg) 105.5 – 9.0 126.5 – 14.0 0.003*
DBP (mmHg)* 69.5 [62.3–79.8] 80 [75.0–84.3] 0.075
Antihypertensive treatment, n (%) 0 (0) 44 (33.8) 0.302
Triglycerides (mg/dL)* 99.5 [83.8–107.0] 151 [112.3–210] 0.026
Total cholesterol (mg/dL) 157.5 – 37.2 167.8 – 38.1 0.596
HDL-C (mg/dL) 47.8 – 6 43.2 – 10.8 0.403
LDL-C (mg/dL) 100 – 39.4 103.3 – 31.2 0.837
MS, n (%) 0 (0) 115 (88.5) <0.001*
Fasting plasma glucose (mg/dL)* 143 [109.8–167.3] 137 [120–169.3] 0.927
HbA1c (%)* 8.4 [6.2–12.2] 7.1 [6.6–8.5] 0.596
Family history of diabetes, n (%) 1 (25) 86 (66.2) 0.124
FCP (ng/mL) 0.8 – 0.7 2.3 – 0.8 0.001*
Insulin treatment 2 (50) 6 (4.6) 0.018*

Data expressed as means – SD, medians [IQR] or n (%), *Significant P values.

Table 4. Characteristics of GADA-Low LADA Subjects Versus DM2 Subjects

Cases GADA-low (n = 5) DM2 (n = 130) P

Females, n (%) 4 (80) 55 (42.3) 0.167
Males, n (%) 1 (20) 75 (57.7) 0.400
Age (years) 43.6 – 9.2 47.2 – 9.3 0.329
Age at diagnosis (years) 40.2 – 8.8 44.4 – 9.4 0.265
Disease duration (months) 42.8 – 14.1 33.7 – 17.9 0.922
BMI (kg/m2) 28.1 – 2.4 28.3 – 4.8 0.531
Waist (cm) 94.0 – 4.8 96.8 – 9.8 0.605
SBP (mmHg) 123.2 – 17.3 126.5 – 14.0 0.792
DBP (mmHg) 80 [70–88] 80 [75.0–84.3] 1.000
Antihypertensive treatment, n (%) 2 (40) 44 (33.8) 0.354
Triglycerides (mg/dL) 122 [100–167] 151 [112.3–210] 0.775
Total cholesterol (mg/dL) 163 – 38.6 167.8 – 38.1 0.741
HDL-C (mg/dL) 44.8 – 9.0 43.2 – 10.8 0.784
LDL-C (mg/dL) 107.2 – 33.5 103.3 – 31.2 0.473
MS, n (%) 4 (80) 115 (88.5) 0.798
Fasting plasma glucose (mg/dL) 139 [117–201] 137 [120–169.3] 0.073
HbA1c (%) 8.1 [7.5–11.5] 7.1 [6.6–8.5] 1.000
Family history of diabetes, n (%) 3 (60%) 86 (66.2%) 0.568
FCP (ng/mL) 2.1 – 0.6 2.3 – 0.8 1.000
Insulin treatment 0 (0) 6 (4.6) 0.167

Data expressed as means – SD, medians [IQR] or n (%).
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be female and younger. Other observations were nearly
similar to those reported in large European Action LADA-
7 and LADA China study.

Furthermore, our data show that compared to LADA high-
GADA titer subjects, DM2 subjects had significantly higher
SBP and BMI. Interestingly, this difference was not evident
on comparison of total LADA patients with DM2 patients.

Like in a Chinese study,22,23 LADA patients with low-
GADA titer in the present study did not significantly differ
from DM2 patients, although this observation was contra-
dictory to the European data that showed a difference be-
tween the two groups.10 Our finding possibly indicates that
LADA patients with low-GADA titer are similar to DM2
patients, at least in terms of metabolic features and b-cell
function. However, future studies are required to ascertain if
LADA patients with low-GADA titer can be actually
equated with DM2 patients. Ethnic variation in this regard
also needs to be further explored.

In agreement with previous reports, our data also indicate
that based on GADA titer, different subgroups can be
identified within LADA.7,10,12,24 Besides distinct clinical
and phenotypic features, GADA titer is important in defin-
ing the severity of disease process and may help in selection
of appropriate therapeutic choices.

Similar to European and Chinese cohorts, current study
showed that MS is more common in DM2 subjects than in
LADA subjects. Frequency of MS among LADA subjects in
our study was 44.4%, slightly higher than 41.9% in Euro-
pean LADA subjects,15 but much lower than 62% reported
in Chinese LADA subjects.7 Our data further indicate that
MS is not prevalent in LADA patients with high-GADA
titer. Compared with LADA patients without MS, all LADA
patients with MS tended to be female. The current study is
the first to describe MS in Indian LADA patients.

Compared to DM2 patients, C-peptide concentration in
the current study was lower in LADA patients. This dif-
ference was evident up to 36 months from diagnosis and
contrary to Spanish data25 the difference remained even
after 36 months of duration.

We acknowledge that due to small number of subjects in
LADA group, our results cannot be generalized and future
research is needed with larger sample size. Nevertheless, to
the best of our knowledge, this is the first study in the region
of north India providing insights into clinical, metabolic,
and immunological features of LADA.

In conclusion, our results indicate that LADA patients
have distinct metabolic features with lower residual b-cell
function than DM2 patients. As antibody titers define the
severity of disease, LADA patients with high-GADA titers
need to be closely monitored to assess deterioration in
glycemic control and b-cell function. Due to similarities

with DM2, LADA patients with low-GADA titers may ad-
ditionally require therapies targeting insulin resistance.

With the ultimate aim of improving the management of
LADA patients, in future, large-scale studies using validated
methods are required to have an improved understanding on
various aspects of LADA and establish optimal preventive and
treatment strategies for LADA. Diagnosing LADA solely on
the basis of autoantibody detection poses a challenge as titer of
autoantibodies may fluctuate and disappear with time.23

Due to overlapping of certain features, in addition to an-
tibody assays, other novel markers should be identified to
differentiate LADA and DM2 at an early stage. Global col-
laboration using standardized assays and diagnostic criteria is
required to obtain insights into ethnic differences in LADA.
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