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Abstract 

Background: Diabetes, especially type 2 diabetes, has become pandemic in India. The emergence of type 2 

diabetes has been documented in Asian populations at a young age. Very less work has been done in context to 

LADA in the Indian population and due to certain characteristics of LADA which phenotypically resemble type 

2 diabetes, many LADA patients are often initially misdiagnosed as type 2 diabetic patients. Materials and 

Methods: The study included 200 diabetic patients between the ages of 18 and 45 years were examined for the 

study with analysis of GAD 65 and IA2 autoantibodies. Results: The current research population indicated that 

the prevalence of type 2 diabetes was the greatest (84.5 percent) and LADA (15.5 percent) out of 200 diabetics. 

The results of autoantibody testing indicated that individuals with LADA had a high level of GAD65 and IA2. 

Conclusion: According to the present study, both T2DM and LADA tend to influence males more than females, 

and the adult age of onset (30–40 years) is also quite similar. Additionally, both T2DM and LADA patients 

exhibited an initial response to the OHA treatment regimen. The LADA patients, on the other hand, had low C-

peptide levels and a high level of GAD autoantibodies. As a result, determining C-peptide levels and GAD 

autoantibodies is strongly suggested for LADA confirmation. 

 

Keywords: T2DM, LADA, GAD65, IA2 
 

INTRODUCTION 

Diabetes mellitus (DM) is a category of carbohydrate 

metabolic disorders marked by hyperglycemia and 

associated macrovascular and microvascular 

consequences throughout time. Diabetes mellitus is 

becoming more common in most developed and 

developing nations, which is cause for great concern 
[1, 2]

. Geographic, environmental, and genetic 

variables all have a significant influence in the 

variance of diabetes incidence among all types of 

diabetes. Despite the fact that diabetes is divided into 

two basic varieties—type 1 (insulin-dependent) and 

type 2 (insulin-independent)—there are some types 

of diabetes that do not fit into either of these 

categories. One such less well-known and 

underdiagnosed form of DM appears to afflict people 

who have many of the symptoms of type 2 diabetes 

and is associated with a significant risk of insulin 

dependency development, the condition known as 

Latent Autoimmune Diabetes in Adults (LADA) 
[6]

. 

A subset of people with adult-onset autoimmune 

diabetes do not require insulin therapy at the time of 

diagnosis and are clinically comparable to patients 

with type 2 diabetes (T2DM). These individuals, who 

were originally considered to have T2DM, are now 
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classified as having latent autoimmune diabetes in 

adults (LADA) 
[3-5]

. Diabetes onset around the age of 

25, clinical presentation masquerading as nonobese 

type 2 diabetes, and a lack of a family history of type 

2 diabetes are the most common features of LADA 

patients documented. Other features include initial 

management of hyperglycemia with diet and oral 

anti-diabetic medicines, rapid development to insulin 

dependency, and type 1 diabetes signs such as low 

fasting C-peptide and positive GAD antibodies 
[7–9]

. 

About 20% of the patients diagnosed with type 2 

diabetes may have LADA 
[10]

. Despite the prevalence 

of LADA, no consistent guidelines exist for testing 

for islet antibodies in adults with diabetes. A 

dependable clinical method is necessary to determine 

whether people with diabetes are at high risk of 

LADA and require islet antibody testing. 
[11]

. 

Diabetes, especially type 2 diabetes, has become 

pandemic in India. The emergence of type 2 diabetes 

has been documented in Asian populations at a young 

age. Very less work has been done in context to 

LADA in the Indian population and due to certain 

characteristics of LADA which phenotypically 

resemble type 2 diabetes, many LADA patients are 

often initially misdiagnosed as type 2 diabetic 

patients 
[12]

. So, this study was designed to 

understand the similarities or differences of LADA 

with other types of diabetes and designing 

appropriate diagnostic criteria and treatment regimen 

for such patients. 

SUBJECTS AND METHODS:  

The study included 200 diabetic patients between the 

ages of 18 and 45 years who were visiting Diabetic 

Specialty OPD at MGM Hospital Kamothe. 

Following the fulfilment of the inclusion criteria, all 

of them provided written informed permission. The 

study protocol has been approved by the Institutional 

Ethical Committee for Human Subjects Research. 

Patients who did not have diabetes or who were very 

sick were excluded from the research. Blood (10 mL) 

was drawn to determine different biochemical 

markers. The detailed clinical history was taken 

which included present age, age at onset of diabetes, 

gender, baseline metabolic index (BMI), type of 

diabetes, family history of diabetes, if any and the 

patient's current medication regimen. GAD 65 and 

IA2 antibodies were identified using an ELISA kit 

(Immunotag Human ELISA kit). Following the 

collection of patient information, the data was 

divided into groups based on the type of diabetes. 

The mean values for each parameter were computed 

and compared in two groups. All findings were 

presented as Mean±SEM or as a percentage. The 

statistical differences between the groups were 

evaluated by One Way Analysis of Variance 

(ANOVA) followed by Tukey’s Test by Graphpad 

Prism 8 statistical tool.  P<0.05 was deemed 

statistically significant, while P<0.001 was 

considered extremely significant. 

RESULTS:  

Results of different parameters evaluated of all the diabetic patients are summarized in Table 1 & 2.  

 

Table 1: Comparative Assessment of different parameters in T2DM and LADA 

Parameter  T2DM LADA 

Prevalence (%) (n=200) 84.5 (169) 15.5 (31) 

Gender wise Prevalence 

(%) 

Male 53 65 

Female 47 35 

Prevalence of different 

age groups at enrolment 

18-25 3.55 19.35 

26-35 37.28 38.71 
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(% patients) 36-45 59.17 41.94 

BMI range (%patients) 

Underweight (Below 18.5) 0 16.13 

Healthy (18.5-24.9) 42.01 51.61 

Overweight (25-29.9) 42.60 16.13 

Obese (Above 30) 15.39 16.13 

Family History of 

Diabetes (% patients) 

Present 73.96 58.06 

Absent 26.04 41.94 

Treatment Regimen (% 

patients) 

Insulin 1.18 0 

OHA 98.82 70.96 

Insulin+OHA 0 29.04 

GAD 65 Antibody Negative Positive 

IA2 Antibody Negative Positive 

*Comparative data of different qualitative parameters between T2DM and LADA are presented in the form of 

percentage; OHA-Oral Hypoglycemic Agents 

Table 2: Correlative Evaluation of different parameters inT2DM and LADA 

Parameters T2DM LADA P Value 

Mean age at onset of diabetes 34.84±6.32 29.87±7.92 **<0.01 

Mean BMI (Kg/m
2
) 25.9±4.45 24.3±6.14 NS 

Mean C-Peptide (ng/ml) 2.62±0.85 1.41±0.31 **<0.01 

GAD 65 Antibody 2.39±1.11 8.64±4.38 **<0.01 

IA2 Antibody 5.47±1.16 10.44±2.20 **<0.01 

HOMA-IR 5.77±2.3 3.94±0.64 **<0.01 
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*Comparative data of different quantitative parameters between T2DM and LADA are presented in the form of 

Mean±SEM (Standard Error Mean/Standard Deviation); Correlation between those type of diabetes carried out 

by Post HOC Tuckey’s One way ANOVA test; ** signified as statistically significant, NS signified as 

Nonsignificant. 

DISCUSSION:  

In the literature, the categorization of LADA has 

been characterised rather controversially 
[13,14]

. Low 

C-peptide levels and positive GAD antibodies 

(GADA) in a high percentage of patients before and 

at the onset of diabetes are the most common features 

of LADA other common features of LADA include 

age of patients 35 years, non-obesity, insulin 

dependency (which occurs more frequently within 1 

or 3 years, but can occur later within 10 years), low 

C-peptide levels, and positive GAD antibodies 

(GADA) in a high percentage of patients before and 

at the onset of diabetes 
[13]

. In addition to GADA, 

additional islet cell-specific antibodies, such as ICA 

(islet cell antibodies), insulin autoantibodies, and IA-

2-A (protein tyrosine phosphatase-like protein IA-2 

antibodies), are utilised as predictors in individuals 

with autoimmune diabetes 
[15]

. The presence of a 

single positive GADA test is recognised to be an 

excellent predictor of insulin dependence in adult 

diabetes patients 
[16,17]

, while IA-2-A has also been 

shown to be a powerful predictor 
[18]

. C-peptide, a 

measure of residual -cell function, diminishes more 

slowly in LADA than it does in T1DM. As a result, a 

link has been shown between the age at which 

autoimmune diabetes was diagnosed and fasting C-

peptide levels 
[19]

. Knowledge of pathophysiology 

and disease features is critical for implementing 

national preventive policies and appropriately 

treating diabetic patients, allowing safe and 

successful treatments 
[20]

. There is strong evidence 

that people with LADA should be treated differently 

from those with type 2 diabetes 
[21]

.  According to 

studies, type 2 diabetes accounts for a significant 

portion of the diabetic population, accounting for 80–

90% of all diabetics 
[22]

. Furthermore, around 20% of 

individuals diagnosed with LADA may develop type 

2 diabetes 
[23]

. The current research population 

indicated that the prevalence of type 2 diabetes was 

the greatest (84.5 percent) and LADA (15.5 percent) 

out of 200 diabetics. 

Diabetes prevalence varies by geographical region, 

ethnicity, genetic, and environmental variables in 

both men and women. According to worldwide 

diabetes prevalence surveys, men have a greater 

diabetes prevalence than women 
[24]

. According to 

the findings of the current study, diabetes is more 

frequent in males (55%) than in women (45%). Thus, 

the findings are consistent with the data provided by 

S. Wild et al and H. Basavanagowdappa et al. 
[24, 25]

. 

Males were shown to have a higher prevalence of 

type 2 diabetes (53%) than females (47%); similarly, 

males had a higher incidence of LADA (65%) than 

females (35%). This implies that males are more 

likely than females to acquire LADA, but in T2DM, 

males and females are virtually equally afflicted. 

According to studies, the average age of diabetics 

varies substantially. The present study reported that 

average age of LADA (33.26 ± 7.01 years) patients 

was found to be significantly lower than type 2 

diabetes (37.20 ± 6.23 years). The average age at start 

is a crucial determinant in defining the type of 

diabetes and the treatment plan that will be chosen 

for the patient. One of the key distinguishing features 

of LADA, according to data provided by P. Zimmet 

et al, is adult age at onset (>25 years) 
[7]

. The present 

study showed that the average age at onset of 

diabetes in patients with LADA (29.87 ± 7.92 years) 

was significantly lower than patients with type 2 

diabetes (34.84 ± 6.32 years) (P < 0.01). Further 

research into the prevalence of diabetes in various 

age groups indicated that type 2 diabetes was found 

to be most common in the age group of 36-45 years 

(59.17%), as well as in the age group of 26-35 years 

(37.28%), but it was seldom detected in the age group 

of 18-25 years (3.55%). Similarly, LADA was found 

to occur most frequently in 36–45 years of age 

(41.94%) and also in 26-35 years of age (38.71%) but 

few cases were reported in 18-25 years of age 

(19.35%). However, when comparing the two groups, 

it is shown that LADA is nearly always identified in 

all age groups beginning at the age of 18 as opposed 

to T2DM, which is more likely to develop beyond the 

age of 30. The study findings are consistent with the 

findings of P. Brahmkshatriya et al 
[34]

. 

BMI values of patients with type 2 diabetes revealed 

that the majority of these individuals (42.60%) were 

overweight, with a substantial proportion of these 
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patients being obese (15.39%). There were a 

substantial proportion of healthy individuals 

(42.01%) with T2DM. This suggests that the findings 

are consistent with the current research from the 

American Diabetes Association, which claims that 

obesity is one of the primary factors contributing to 

the development of type 2 diabetes and insulin 

resistance 
[27]

. The majority of the patients (51.61%) 

had BMI values comparable to healthy people, 

indicating that the progressive β-cell death in LADA 

is inadequate to produce considerable weight loss. 

According to B. Mlinar et al, BMI levels in LADA 

patients are lower than in type 2 diabetes patients 
[28]

. 

But in comparison of both the groups of diabetes, the 

BMI values of LADA (24.3±6.14) and T2DM 

(25.9±4.45) patients did not show much significant 

difference. 

The influence of a familial history of diabetes (FHD) 

on LADA is less well understood than that of type 1 

and type 2 diabetes 
[29]

. R Turner et al and T Tuomi et 

al found that LADA had the same genetic 

characteristics as type 1 diabetes, including an 

increased prevalence of HLADQB1 genotypes 
[30, 31]

. 

According to the findings of a British research by H. 

A. Castleden et al, 33% of individuals with LADA 

had relatives who have type 2 diabetes. 
[32]

. The 

results of family history in different types of diabetes 

revealed no significant differences, but the presence 

of family history (58.06%) was found in LADA 

patients, whereas S Carlsson et al reported that the 

presence of family history was an important risk 

factor for the development of LADA 
[26]

. The notable 

presence (73.96%) of family history in type 2 

diabetes is consistent with the notion that type 2 

diabetes is largely genetic in origin. 

Majority of enrolled patients in the study with T2DM 

(98.82%) were treated with oral hypoglycemic agents 

(OHA) while none of them were on insulin or a 

combination of insulin and OHA, implying the 

development of progressive insulin dependence due 

to impaired insulin secretion via various mechanisms, 

as reported by American Diabetes Association and G. 

Biesenbach et al 
[27, 33]

. Initial response to OHA 

therapy is one of the key features of LADA patients 
[7]

. In this study, OHA was used to treat the majority 

of LADA patients (70.96%). A key distinguishing 

trait for LADA patients would be an early response to 

OHA with progressive insulin dependence found in 

people younger than the normal age of onset of type 

2 diabetes. Insulin dependence develops over time, 

with progressive β-cell death, necessitating a multi-

therapeutic approach. In accordance with the 

published literature, a substantial number of LADA 

patients (29.04%) were found to be using a 

combination of insulin and OHA 
[34]

. M Landin 

Olsson et al proposed that the observation would aid 

in the development of an effective therapeutic 

regimen for LADA patients, namely, that a combined 

treatment should be prescribed at the time of LADA 

diagnosis to preserve the remaining β-cell mass, 

though it is still unknown whether early treatment 

with insulin is beneficial for the remaining β-cells. 
[35]

. 

C-peptide is secreted at equimolar quantities with 

insulin but is not destroyed as quickly. As a result, 

measuring C-peptide is a useful test for quantifying 

insulin and, as a result, evaluating β-cell activity. 

Because LADA is an autoimmune form of diabetes 

characterised by progressive β-cell destruction, 

measuring C-peptide levels would be a useful tool for 

assessing insulin secretion and β-cell function 
[34]

. 

The C-peptide measurement revealed a significant 

difference between the two groups, with low levels of 

C-peptide in LADA patients (1.4 ± 0.31 ng/mL) 

compared to individuals with type 2 diabetes (2.62 ± 

0.85 ng/mL) (P < 0.01). This is consistent with the 

findings of P Zimmet et al 
[7]

. Many additional studies 

have found that LADA (also known as Ab positive 

type 2 diabetes) individuals had lower C-peptide 

levels than Ab negative type 2 diabetic patients 
[36-38]

. 

In both situations, low C-peptide levels indicate 

insulin insufficiency caused by autoimmune cell 

death. Patients with type 2 diabetes had increased C-

peptide levels, indicating hyperinsulinemia as a result 

of the compensatory increase in insulin production 

caused by insulin resistance 
[34]

. 

The existence of autoantibodies against islet cell 

antigens in the patients' sera, which is prevalent in 

both type 1 diabetes and LADA, demonstrates the 

immunological evidence. These antigens consist of 

glutamic acid decarboxylase 65 kDa (GAD65) and 

insulinoma-associated antigen (IA2) 
[39]

. As a result, 

estimating GAD autoantibodies can be a useful 

diagnostic sign for LADA and, in certain cases, IA2. 

GAD autoantibody levels over 5.0 IU/mL showed the 

presence of GAD autoantibodies, while IA2 
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autoantibody levels above 7.0 IU/mL indicated the 

presence of IA2 autoantibodies, whereas values 

below this indicated the absence of autoantibodies. 

The results of autoantibody testing indicated that 

individuals with LADA had a high level of GAD65 

and IA2. A Gottsater et al and H Castleden et al 

found that the absence of GAD autoantibodies in type 

2 diabetes suggests that the illness is not autoimmune 
[40, 41]

. 

The involvement of insulin resistance in the 

pathogenesis of LADA is debatable; the degree of 

insulin resistance in LADA has been reported to be 

lower than in type 2 diabetes and equivalent to type 1 

diabetes 
[42, 43]

. We recently evaluated insulin 

resistance in LADA and T2DM using the 

homeostasis model, and T2DM had higher HOMA 

IR ((5.77±2.3) than LADA (3.94±0.64) (P˂0.01). 

Diabetes develops early in the β-cell-destructive 

process in LADA due to increased insulin resistance 
[44]

. 

CONCLUSION: 

Patients with T2DM account for the majority of the 

population, but the frequency of LADA patients is 

also on the rise. According to the present study, both 

T2DM and LADA tend to influence males more than 

females, and the adult age of onset (30–40 years) is 

also quite similar. Additionally, both T2DM and 

LADA patients exhibited an initial response to the 

OHA treatment regimen. The LADA patients, on the 

other hand, had low C-peptide levels and a high level 

of GAD autoantibodies. As a result, determining C-

peptide levels and GAD autoantibodies is strongly 

suggested for LADA confirmation. The existence of 

GAD autoantibodies in LADA suggests that more 

research into their probable role in the disease's 

aetiology may be beneficial. Finally, C-peptide levels 

and GAD autoantibodies determination can be used 

as confirming diagnostic indicators for LADA 

patients in a diabetic population. Appropriate 

identification of LADA would assist to avoid 

misdiagnosis as type 2 diabetes and would aid in the 

best management of LADA. 

ABBREVIATIONS:  

T2DM – Type 2 Diabetes Mellitus 

LADA – Latent Autoimmune Diabetes in Adults 

GAD65 – Glutamic Acid Decarboxylase 65kDa 

IA2 – Insulinoma Associated Antigen 

BMI – Body Mass Index 

OHA – Oral Hypoglycemic Agents 

HOMA IR – Homeostatic Model Assessment Insulin 

Resistance 
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