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Abstract
Aims/hypothesis Diabetes mellitus is increasing among
young adult South Asians. The aim of this study was to
determine the prevalence and phenotypic characteristics of
diabetes subtypes based on GAD65 autoantibody (GADA)
status in those with young adult-onset diabetes in Sri Lanka.
Methods Clinical, metabolic and GADA data were avail-
able for 992 consecutively recruited individuals with
diabetes aged ≤45 years (age at diagnosis 16–40 years).

Participants were classified according to the following
definitions: type 1 diabetes, insulin-dependent <6 months
from diagnosis; latent autoimmune diabetes in adults (LADA),
GADA-positive, age ≥30 years and insulin-independent
≥6 months from diagnosis; type 2 diabetes, GADA-negative
and insulin-independent ≥6 months from diagnosis.
Results The median (interquartile range) age at diagnosis
and diabetes duration were 33.0 (29.0–36.1) and 4.0 (1.1–
7.1) years, respectively; 42.1% were male. GADA positiv-
ity was seen in 5.4% of participants (n=54) and GADA
levels negatively correlated with age at diagnosis (p<0.0001),
BMI (p<0.0001) and time to insulin requirement (p=0.006).
Type 1 diabetes, type 2 diabetes and LADA were present
in 7.0%, 89.7% and 2.6%, respectively. The remaining
0.7% of the participants were GADA-positive, insulin
independent ≥6 months from diagnosis and were diag-
nosed at age <30 years. The metabolic syndrome and
homeostasis model assessment of beta cell function
(HOMA %B) were lowest in GADA-positive type 1
diabetes and increased progressively in latent autoimmune
diabetes, GADA-negative type 1 diabetes and type 2
diabetes. Among those requiring insulin, 69.2% had
fasting C-peptide levels in the lowest quartile, whereas
only 19.5% were GADA-positive (p<0.0001).
Conclusions/interpretation The prevalence of GADA-
positive autoimmune diabetes is low among individuals
with young adult-onset diabetes in Sri Lanka. Young-onset
diabetic phenotypes appear as a continuum from autoim-
mune type 1 diabetes to type 2 diabetes.
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Abbreviations
GADA GAD65 autoantibodies

homeostasis model assessment of beta cell
function

IA-2A islet antigen-2 autoantibodies
ICA islet cell autoantibodies
IQR interquartile range
LADA latent autoimmune diabetes in adults
OHA oral hypoglycaemic agents
UKPDS United Kingdom Prospective Diabetes Study

Introduction

Diabetes mellitus is increasingly diagnosed among young
adults worldwide [1]. The aetiological and phenotypic
heterogeneity of diabetes in this age group poses diag-
nostic and therapeutic challenges to clinicians [2, 3]. The
clinical spectrum of diabetes has not been adequately
characterised among young adult South Asians, amongst
whom diabetes has emerged as an important public health
problem [4–6].

The recent international classifications have recognised
the importance of the pathophysiological basis of different
subtypes of diabetes [7, 8]. Type 1 diabetes, caused by
autoimmune destruction of the pancreatic beta cells, leads
to early insulin dependency and is characterised by the
presence of autoantibodies to islet cell antigens (GAD65
[GADA], islet cell cytoplasm [ICA] and islet antigen-2 [IA-
2A]) [7]. Type 2 diabetes results from a combination of a
deficiency in insulin secretion and insulin resistance and is
not typically associated with islet autoantibodies; those
affected can be initially managed by a combination of
lifestyle measures and oral therapy. GADA and other islet
autoantibodies are present in a subset of adult individuals
presenting clinically with type 2 diabetes [9]. Because of
the slowly progressive nature of this subtype of diabetes to
insulin dependency, it was called latent autoimmune diabetes
in adults (LADA) [10, 11]. An age limit of ≥30 years has
been proposed to define LADA by the Immunology of
Diabetes Society [12]. However, islet antibody-positive and
slowly progressive diabetes has also been described in
patients younger than 30 years of age [13].

In a large cohort of white European individuals
(n=3,672) aged 25–65 years in the United Kingdom
Prospective Diabetes Study (UKPDS) the prevalence of
LADA was 10% [14]. There is paucity of information on
autoimmune diabetes among South Asians. The available
studies with relatively small sample sizes have produced
conflicting data. In a study by Pan et al. on 269 young
South Indians, the prevalence of GADA positivity was
reported as 9.0% [15]. A high prevalence of 27.0% was

reported by Tica et al. (n=33) [16], while Britten et al. (n=
500) [17] and Sahu et al. (n=96) [18] reported prevalences
of 1.6% and 3.0%, respectively.

The aims of this study were to determine the prevalence
of different subtypes of diabetes mellitus based on GADA
positivity and insulin dependency among South Asians
with young adult-onset (16–40 years) diabetes in Sri Lanka
and to compare the phenotypic characteristics among the
GADA-negative and positive patients. We also examined
the association of GADA and fasting C-peptide with
requirement for insulin.

Methods

Participants In this multicentre study, a consecutive sample
of 1,007 individuals, who had been diagnosed between 16
and 40 years of age and were ≤45 years at the time of the
study, were recruited from the three largest hospitals
(National Hospital of Sri Lanka, Colombo South Teaching
Hospital and Colombo North Teaching Hospital), diabetes
and medical outpatient clinics of selected government
hospitals, referrals from physicians or general practitioners
and the National Diabetes Centre in Sri Lanka, between
June 2005 and February 2006. At these centres the total
number of diabetic patient visits of all ages exceeded 20000
per month. During the recruitment period, 1,214 eligible
individuals were invited; the response rate was 83%.
Pregnant women were not eligible. The study was
conducted in accordance with the principles of the
Declaration of Helsinki and was approved by the Ethical
Review Committee of the University of Colombo. All
participants provided informed written consent. This report
is based on 992 participants after excluding nine with
mitochondrial diabetes and six with incomplete data.

Data collection Recruited participants attended a research
unit for data collection after an overnight fast. Blood
samples for biochemical and immunological analysis were
obtained prior to the morning insulin or oral therapy.
Detailed demographic data, clinical and treatment history
were recorded using an interviewer-administered question-
naire. The data were verified using medical records.
Anthropometric measurements and blood pressure were
recorded according to standard methods [19]. Body fat
percentage was estimated using a bio-electrical impedance
analysis technique (Bodystat 1500; Bodystat, Douglas, Isle
of Man).

Laboratory methods Fasting plasma glucose was measured
by a glucose oxidase method [20]. Total cholesterol, HDL-
cholesterol (by precipitation) and triacylglycerol were
measured by an enzymatic colorimetric method. Glucose

HOMA %B
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and lipid assays were performed using reagents supplied by
Roche Diagnostics (Mannheim, Germany) in a Hitachi
704 chemical autoanalyser (Roche Diagnostics) at the Re-
productive and Endocrine Laboratory in the University
of Colombo. LDL-cholesterol was estimated using the
Friedwald equation [21]. HbA1c was measured by a HPLC
technique (Biorad, Hercules, CA, USA) [22] at the National
Diabetes Centre in Colombo. Samples for measurement of
insulin, C-peptide and GADAwere transported in dry ice to
the UK. Fasting insulin and C-peptide measurements were
made by a two-site sandwich immunoassay using a direct
chemiluminescence method (Bayer Healthcare, Walpole,
MA, USA).

GADA were measured by a radioimmunoassay using
35S-labelled full-length GAD65, and results were expressed
in WHO units/ml derived from a standard curve calibrated
from the international reference material (National Institute
for Biological Standards and Control code 97/550).
Samples were considered positive if they had levels above
14 WHO units/ml (the 97.5th percentile of 2860 school
children) [23]. The inter-assay CV of the GADA assay was
13% at 14 WHO units/ml. The GADA assay achieved a
laboratory-defined sensitivity of 94% with 96% specificity
in the fourth proficiency evaluation of the Antibody Stan-
dardization Program [24]. Beta cell function was estimated
by homeostatic model assessment (HOMA %B) [25].

Terms and classifications Those for whom insulin treat-
ment was started within 6 months from diagnosis were
classified as having type 1 diabetes, and these participants
were further subclassified as having GADA-positive type 1
diabetes or GADA-negative type 1 diabetes. Those who
were GADA-positive but insulin independent during the
first 6 months from diagnosis were termed latent autoim-
mune diabetes irrespective of age. The participants with
latent autoimmune diabetes aged ≥30 years at diagnosis
were considered to have LADA [12]. Participants who were
GADA negative and insulin independent for equal to or
more than 6 months from diagnosis were considered to
have type 2 diabetes. The metabolic syndrome was
diagnosed according to the International Diabetes Federa-
tion criteria [26].

Statistical methods Data were double entered, checked for
consistency and analysed with SPSS version 14 (SPSS,
Chicago, IL, USA). Values are shown as mean±SD, median±
interquartile range (IQR) or percentage with 95% CIs,
according to the distribution of the data. The χ2 statistic,
Mann–Whitney U test, Kruskall–Wallis test and Pearson's
correlation test were applied whenever appropriate. Multiple
stepwise binary logistic regression was performed to assess
the covariates for insulin therapy. A p value of <0.05 was
considered statistically significant.

Results

Characteristics of the study participants Among the 992
participants, 42.1% were men. The median values (IQR) for
age, age at diagnosis and duration of diabetes (in years)
were 38.0 (33.1–41.1), 33.0 (29.0–36.1) and 4.0 (1.1–7.1),
respectively. The treatment patterns were lifestyle alone,
13.5%; oral therapy alone, 70.5%; and insulin, 16.0%. The
mean HbA1c was 8.1±2.0%; BMI, 24.7±4.0 kg/m2; and
waist circumference, 87.3±9.7 cm. Eight individuals
(0.8%) had a history of pancreatic disease.

Prevalence of GADA positivity and subtypes of diabetes The
prevalence of GADA-positive diabetes in this cohort was
5.4% (n=54; 95% CI 4.0–6.8). The prevalence of GADA
positivity was much higher among those who were young
and had a lower BMI compared with those who were older
and more obese (Fig. 1). GADA positivity among men and
women was 7.4% (95% CI 4.9–9.9) and 4.0% (95% CI
2.4–5.6), respectively (p=0.028). In this cohort, 7.0% (95%
CI 5.4–8.6) were diagnosed with type 1 diabetes, 89.7%
(95% CI 87.8–91.6) with type 2 diabetes and 2.6% (95% CI
1.6–3.6) with LADA. Seven (0.7%; 95% CI 0.2–1.2)
patients who were diagnosed aged <30 years were GADA
positive and insulin independent during the first 6 months
from diagnosis. Type 1 diabetes was equally distributed
between men (8.6%, 95% CI 5.9–11.3) and women (6.1%,
95% CI 4.1–8.1). Among those with type 1 diabetes, 29.6%
(95% CI 18.3–39.7) were GADA positive, which equates to
2.1% of the total sample. The prevalence of GADA-
positive type 1 diabetes was higher among men than
women (3.8% vs 0.9%, p=0.003).

Clinical features associated with GAD autoantibody positivity
and insulin therapy In all 992 patients, GADA levels
negatively correlated with age at diagnosis (r=−0.224,
p<0.0001), fasting C-peptide levels (r=−0.241, p<0.0001),
BMI (r=−0.210, p<0.0001) and time to insulin treatment
(r=0.220, p=0.006) (Fig. 2). GADA positivity was seen in
19.5% of those who required insulin (time from diagnosis
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Fig. 1 GADA positivity according to quartiles of age at diagnosis (a)
and BMI (b) among young adult-onset diabetes patients in Sri Lanka
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not taken into account) compared with 2.8% of those who
did not require insulin (p<0.0001). GADA positivity
(corrected for age at diagnosis) correlated with insulin
treatment (r=0.213, p<0.0001).

Among those treated with insulin, 69.2% had fasting
C-peptide levels in the lowest quartile and 19.5% were
GADA positive (p<0.0001). We examined the effect of
values in the lowest quartile of fasting C-peptide, GADA
positivity, age at diagnosis, BMI and waist circumference
on insulin requirement by forward stepwise logistic
regression analysis. Among the covariates, age at diagno-
sis, fasting C-peptide and GADA positivity remained
significantly associated with insulin therapy. The strongest
effect was seen with age at diagnosis ≤25 years (OR 11.2,
95% CI 5.9–21.3, p=1.94×10−13), followed by fasting
C-peptide (OR 7.2, 95% CI 4.8–10.9, p=6.83×10−21) and
GADA positivity (OR 3.3, 95% CI 1.6–6.8, p=0.002).

Phenotypic characteristics among subtypes of diabetes The
phenotypic characteristics of GADA-positive and GADA-
negative participants are presented in Table 1. The
comparison of phenotypic characteristics among individual
subtypes is shown in Electronic supplementary material
(ESM) Table 1. Significant differences were seen between
GADA-negative and GADA-positive categories in all
parameters examined, except LDL-cholesterol. Compared
with those that tested negative for GADA, GADA-positive
participants had been diagnosed at a younger age, were
leaner, had a lower frequency of hypertension, presented

more frequently with symptoms and commonly had a
history suggestive of ketoacidosis. GADA-positive patients
also had a lower prevalence of the metabolic syndrome and
its components, lower markers of beta cell function (fasting
C-peptide and HOMA %B), less frequently had a family
history of diabetes and had a lower prevalence of acanthosis
nigricans. A gradual progression of values (from low to
high, or vice versa) was observed for the metabolic
syndrome, its components and the other phenotypic
characteristics across the GADA-positive type 1 diabetes,
latent autoimmune diabetes (GADA positive and insulin
independent ≥6 months from diagnosis, irrespective of age
at diagnosis), GADA-negative type 1 diabetes and type 2
diabetes subgroups (ESM Table 1).

Treatment patterns and glycaemic outcome in patients
with latent autoimmune diabetes Among those with latent
autoimmune diabetes, 70% (23 out of 33) managed their
condition by lifestyle modification or taking oral hypogly-
caemic agents (OHA), and 35% of this subgroup (eight out
of 23) had good glycaemic control (HbA1c ≤7%) compared
with only 20% (two out of ten) of the subgroup requiring
insulin (ESM Table 2). Those with good glycaemic control
while on lifestyle modification or OHA had higher beta cell
function (median HOMA %B 57.9, IQR 46.4–61.1),
despite having a longer duration of diabetes (median
5.6 years, IQR 3.6–9.1).

Discussion

This is the largest multicentre study to date on young-onset
diabetes in South Asians. The sample was recruited from
hospitals and clinics in Sri Lanka, and the large size of this
sample and the recruitment strategy enabled calculation of
prevalence estimates for different diabetes subtypes and
comparison of their phenotypic characteristics. It is likely
that the prevalence of autoimmune diabetes was under-
estimated in this cross-sectional and post-diagnosis study as
GADA might disappear post-diagnosis [27]. Furthermore,
only GADAwere tested, and participants, particularly those
diagnosed with type 1 diabetes, may have had other types
of islet autoantibodies. GADA persistence for >6 years
post-diagnosis has been shown in LADA in the UKPDS
and by Borg et al. in Sweden [28, 29]. Differences in assay
techniques, units of measurement, cut-off values for GADA
positivity and definitions of LADA also influence dispar-
ities in the data between different studies.

The prevalence of GADA positivity in this study (5.4%)
was lower than that reported by Pan et al. (9.0%) for a
younger cohort (mean age 31.2 years) of South Indians [15]
and that reported by Kanungo and Sanjeevi (7%) for
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Fig. 2 Scatter plots illustrating the associations of GADA levels with
age at diagnosis (a), fasting C-peptide level (b), BMI (c) and time
from diagnosis to insulin treatment (d) among young adult-onset
diabetic individuals in Sri Lanka. Rx, treatment
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patients with type 2 diabetes from Cuttack in India [30].
The prevalence of LADA based on GADA (2.6%) in our
cohort is similar to that reported in two of the previous
studies on South Asians; 3.0% (n=96) by Sahu et al. and
1.6% (n=500) by Britten et al. [17, 18], but is lower than
the prevalence (27%) reported in a different study (n=33)
[16]. The frequency of LADA among young adult South
Asians in this study was much lower than that reported for
young adults in the UKPDS (34% and 14% in those aged
between 25–34 years and 35–44 years, respectively), the
Botnia study (19.3% in those aged ≤45 years) and in a
Chinese population (16.1% among a sample with a mean
age at diagnosis of 40.6 years) [14, 31, 32]. A study from
Sardinia on an older cohort with type 2 diabetes (35–
75 years) and a study from North America and Europe on
drug-naive type 2 diabetic patients (30–75 years) have
reported lower prevalences of GADA positivity (5.1% and
4.2%, respectively) than the UKPDS and the Botnia studies
[33, 34]. The higher ethnic predisposition to, and therefore
higher prevalence of, type 2 diabetes among South Asians
compared with Europeans and East Asians may contribute
to the lower proportional prevalence of GADA positivity
among patients with young adult-onset diabetes in Sri
Lanka [35]. In addition, the possible lower genetic
predisposition of South Asians to autoimmune diabetes
compared with Europeans may play a role [36].

These data from this large sample of South Asians
confirm the associations of GADA positivity with younger
age at onset of diabetes and rapid progression to, and higher
prevalence of, insulin requirement, as previously shown in
European studies [14, 29]. Despite being statistically
significant, the strength of the associations of GADA levels
with age at diagnosis, fasting C-peptide, BMI and time to
insulin treatment is low (Fig. 2). Phenotypic differences in
anthropometry, prevalence of the metabolic syndrome and
beta cell function in subtypes of diabetes in young South
Asian adults were similar to those seen in populations from
other countries [34, 37], except for BMI, which was lower
for all subtypes of diabetes in the South Asians.

The proportionate prevalence of type 1 diabetes in our
sample (7.0%) is similar to that reported in 1000 Chinese,
Malaysian and Indian individuals aged 12–40 years
(10.0%) [15]. In contrast, type 1 diabetes was reported in
61.4% of all new diabetic individuals aged 15–29 years
from nine European countries between 1996 and 1997 [38].
GADA positivity among those with the type 1 phenotype in
our cohort was ∼30%. This is lower than the 40.0% among
North Indian [39], 44% among black African [40] and
69.0% of Japanese individuals [41] reported from similar
cross-sectional studies, and the 78% among white Euro-
peans aged 20–40 years reported by the Belgium diabetes
registry [42]. The higher prevalence of type 1 diabetes

Table 1 Clinical and metabolic characteristics of GADA-positive and GADA-negative individuals with young adult-onset diabetes in Sri Lanka

Classification GADA-positive diabetes GADA-negative diabetes p value

Number 54 938
Age at recruitment (years) 31.6 (24.1–39.1) 38.1 (34.0–41.1) <0.0001
Age at diagnosis (years) 26.5 (21.1–33.0) 33.0 (29.0–36.1) <0.0001
Duration of diabetes (years) 4.0 (1.1–6.1) 4.0 (1.1–7.1) 0.708
BMI (kg/m2) 20.5 (18.9–22.6) 24.5 (22.3–26.9) <0.0001
Waist circumference (cm) 74.8 (71.0–81.5) 87.0 (82.0–93.0) <0.0001
WHR 0.86 (0.81–0.91) 0.92 (0.88–0.95) <0.0001
Body fat (%) 21.2 (17.5–29.3) 29.9 (21.5 -35.4) <0.0001
HDL-cholesterol (mmol/l) 1.1 (0.9–1.5) 1.0 (0.9–1.2) 0.001
LDL-cholesterol (mmol/l) 3.2 (2.7–3.8) 3.2 (2.6–3.8) 0.865
Triacylglycerol (mmol/l) 0.9 (0.8–1.5) 1.5 (1.1- 2.1) <0.0001
HbA1c (%) 9.2 (7.1–11.4) 7.8 (6.4–9.2) <0.0001
Fasting C-peptide (nmol/l) 0.15 (0.02–0.51) 0.61 (0.43–0.82) <0.0001
HOMA B% 17.6 (2.1–42.8) 44.4 (26.1–72.4) <0.0001
Current insulin treatment 57.4 [44.2–70.6] 13.6 [11.4–15.8] <0.0001
Definite or probable DKA 25.9 [14.2–37.6] 7.2 [5.5–8.9] <0.0001
Hypertension 7.4 [0.4–14.4] 33.0 [30.0–36.0] <0.0001
Family history of diabetes 51.9 [38.6–65.2] 74.6 [71.8–77.4] <0.0001
Acanthosis nigricans 7.4 [0.4–14.4] 21.6 [19.0–24.2] 0.020
Symptomatic presentation 94.4 [88.3–100.0] 72.1 [69.2–75.0] 0.001
Metabolic syndrome 18.5 [8.1–28.9] 62.5 [59.4–65.6] <0.0001

Data are median (IQR) or percentage [95% CI]. The p values were calculated using the Mann–Whitney U test, for continuous variables, or the χ2

test, for dichotomous variables
DKA, diabetic ketoacidosis

1372 Diabetologia (2008) 51:1368–1374



among young adult male individuals has been previously
reported for non-South Asians [38, 43, 44]. In this cohort
from Sri Lanka, the prevalence of pancreatic diseases was
lower than in reports from North India [45, 46].

Our phenotypic data on diabetes subtypes support the
growing consensus that the clinical phenotypes of diabetes
form a continuum from autoimmune type 1 diabetes to type 2
diabetes, with intermediate phenotypes, based on aetiology
[47–49]. For definite aetiological diagnosis of every
diabetic individual, all islet autoantibodies and a battery
of genetic tests would be required. This would be extremely
costly and prohibitive in clinical practice. Even if this were
to be undertaken, heterogeneity within patient groups
would exclude the application of uniform, group-based
clinical management protocols. Randomised prospective
studies are needed to determine the usefulness of complex
islet cell antibody-based classification of diabetes subtypes
on clinical outcomes.

The treatment of young-onset diabetes in Sri Lanka is
not based on islet autoantibody status, and insulin require-
ment is assessed in response to treatment in the absence of
ketoacidosis. Good glycaemic control and preserved beta
cell function (median HOMA %B 57.9) were present in
35% of patients with latent autoimmune diabetes treated
with OHA or lifestyle modification (median diabetes
duration 5.6 years). In the LADA subgroup of patients
younger than 34 years in the UKPDS study, 84% required
insulin within 6 years due to ‘hyperglycaemic symptoms or
when the fasting plasma glucose was above 15 mmol/l’
[14]. Among patients with latent autoimmune diabetes in
our cohort (mean age 35 years), 48.5% (n=16) were either
on insulin or had a fasting plasma glucose level >15mmol/l at
a mean diabetes duration of 5.5 years. This could indicate that
latent autoimmune diabetes progresses less rapidly in South
Asians than in European individuals. The cross-sectional and
retrospective data in this study showed that fasting C-peptide
was a more sensitive indicator of insulin requirement than
GADA positivity.

In summary, we report that autoimmune diabetes is less
common in South Asian young adult-onset diabetes in Sri
Lanka than in European populations. The higher propor-
tional prevalence of type 2 diabetes provides evidence for
the strong recommendation of effective primary preventive
programmes targeting lifestyle modification among South
Asians [50].
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