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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.
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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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