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Type 2 diabetes is a lifelong debilitating disease that results
from the inability to maintain glucose homeostasis in the body.
Very often, this can lead to complications resulting in abnormal
functioning of kidneys (nephropathy), eyes (retinopathy), nerve
damage (neuropathy), heart (cardiovascular disorders) and other
organs [1]. Current treatment strategies have only been partially
successful in disease management and less successful in preventing
complications. This could be partially attributed to limiting the
diagnosis based on one measured metabolite i.e. glucose, while the
manifestation and progression of diabetes have been largely
heterogeneous.
Conventionally, diabetes has been classiﬁed as insulin dependent diabetes mellitus (IDDM) now known as type 1 diabetes and
non-insulin dependent diabetes mellitus (NIDDM), now referred to
as type 2 diabetes. Type 1 diabetes is typically diagnosed at a young
age and is now known to be GAD positive. Other types such as the
glutamate decarboxylase antibodies positive (GAD þ ve) latent
autoimmune diabetes of adults (LADA) and monogenic forms
including neonatal diabetes, maturity onset diabetes of the young
(MODY) and Ketosis-prone diabetes (KPD, a. k.a. Flatbush diabetes)
have been described. The remaining are classiﬁed as type 2 diabetes, which comprises >90% of diabetes cases [1].
Existing treatment guidelines are limited by the fact that they
respond to poor metabolic control which is remembered by target
tissues for a long time (“metabolic memory”), but do not have
means to predict which patients will need intensiﬁed treatment [2].
This substantiates a need for a more reﬁned system of classiﬁcation
to identify individuals at the time of diagnosis who are at greatest
risk for complications. This will facilitate more individualized
therapeutic strategies.
To address this goal, we performed data driven cluster analysis
(k-means and hierarchical clustering) in patients newly diagnosed
with diabetes from the Swedish All New Diabetes in Scania cohort
(ANDIS) based on six commonly measured variables [3]. These
include GAD, age at diagnosis, BMI, HbA1c, and homoeostatic
model assessment 2 estimates of b-cell function (HOMA2-B) and
insulin resistance (HOMA2-IR). Five clusters were identiﬁed and
replicated in other studies including the Scania Diabetes Registry
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(SDR), All New Diabetics in Uppsala (ANDIU), and Diabetes Registry
Vaasa (DIREVA) [3].
These ﬁve clusters include (Fig. 1):
1. SAID ¼ Severe Autoimmune Diabetes
GAD antibodies, low insulin secretion, poor metabolic
control
2. SIDD ¼ Severe Insulin Deﬁcient Diabetes
Low insulin secretion, poor metabolic control, increased risk
of retinopathy
3. SIRD ¼ Severe Insulin Resistant Diabetes
Insulin resistance, obesity, late onset, increased risk of
nephropathy
4. MOD ¼ Mild Obesity-Related Diabetes
Obesity, early onset
5. MARD ¼ Mild Age-Related Diabetes
Late onset, low risk of complications
Based on this classiﬁcation, cluster 3 individuals who were most
insulin resistant had the highest risk of diabetic kidney disease
compared to those in clusters 4 and 5 whereas those in cluster 2
had the highest risk for retinopathy, while all individuals had been
prescribed the same treatment. Taking this new information into
consideration, it is clear that patients would beneﬁt from different
treatment strategies.
In terms of genetics, clear evidence was presented to support
the clustering. Known T2D loci associated differently between
different clusters including the TCF7L2 SNP, which associated with
clusters SIDD, MOD, and MARD, but not SIRD. Another example was
that of the T1D associated SNP rs2854275 in the HLA locus, which
here is as expected strongly associated with SAID, the autoimmune
cluster but not with SIDD, the insulin deﬁcient cluster [3].
It is important to consider that these studies have been performed on the European, speciﬁcally, Scandinavian populations.
Studies have indicated that the South East Asian population is
genetically diverse from the European one. Further, recent genomic
studies have indicated that most South Asians are descended from
two major ancestral components; the Ancestral South Indian (ASI)
which is restricted to south Asia, and the Ancestral North Indian
(ANI), which is more closely related to those in Central Asia, West
Asia and Europe [4].
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Fig. 1. The spectrum of diabetes subgroups. The data is from the ANDIS project (All New Diabetics in Scania) (http://andis.ludc.med.lu.se). The criteria used for diagnosis are as
follows: T1D: age at onset <35 years, C-peptide < 0.2 nmol/l and GAD antibodies >20; T1D with relative insulin deﬁciency if C-peptide 0.2e0.6 nmol/l. T2D: age at onset >35 years,
C-peptide > 0.6 nmol/l, GAD antibodies <10; T2D with relative insulin deﬁciency C-peptide 0.2e0.6 nmol/l. LADA (Latent Autoimmune Diabetes in Adults): age at onset > 35 years,
GAD antibodies > 20; LADA light if GAD antibodies 10e20. The data clearly illustrates the difﬁculty in classifying diabetic patients at diagnosis with 19% unclassiﬁable (adapted from
Endocrinology: Diabetes. Epidemiology, Genetics, Pathogenesis, Diagnosis, Prevention, and Treatment: Chapter 6. Genetics of diabetes and diabetic complications. Springer publications 2018).

The Indian population comprises more than one-seventh of the
world's population with a great amount of cultural, linguistic and
genetic diversity [5]. India is expected to have one of the largest
absolute increases in diabetes prevalence, with the International
Diabetes Federation estimates of more than 100 million people
with diabetes in India by 2030, ~90% of which will be type 2 diabetes [6]. While the prevalence of diabetes is slightly higher than in
the rest of the world (9.1% vs. 8.3% worldwide), studies have indicated that there are large regional and socioeconomic differences in
diabetes prevalence in India.
More than 300 risk variants associated with type 2 diabetes and
more than 50 with type 1 diabetes have been identiﬁed thus far,
mostly based on studies in populations of European origin [1].
Many of these have been replicated in the Indian population
including those in TCF7L2, MC4R, PPARG, KCNJ11, SLC30A8, HHEX,
CDKN2A, IGF2BP2, CDKAL1 and MTNR1B [7]. Notably, certain genotypes (such as the Pro12Ala polymorphism of the PPARg gene) that
protect against the development of T2DM in the Caucasian population, does not seem to do so among Asian Indian patients [8]. A
few loci associated with T2D in Indian studies have not been
replicated in European populations thus far, including variants at
TMEM163, SLAMF1 and ITLN1 loci [9,10]. Multiple previously reported T2D risk loci show a signiﬁcant disparity in allele frequency
across populations worldwide. These loci demonstrate extreme
directional differentiation of risk allele frequencies across populations compared to the null distributions of European-frequency
matched control alleles for other diseases. Most T2D risk alleles
share a consistent pattern of decreasing frequencies along human
migration into East Asia including Asian Indians [11]. Considering
these differences, it is entirely plausible that differences in etiology
might also exist between European and Indian populations [12].
Diabetes is still diagnosed based on one metabolite; glucose
measured at fasting and 2 h post glucose/food intake. Moreover,
Asian Indians are at a higher risk of developing T2D at a younger
age and at lower BMI compared to patients from western countries.
They are also at a higher risk for coronary artery disease and lower
risk for microvascular complications compared to the western
population. These ﬁndings hint towards a speciﬁc “Asian Indian
phenotype” or the “thin-fat phenotype”, which is a conglomerate of
clinical and biochemical features that predispose Asian Indians to
higher T2D risk [13]. A prime example of this is that for a given BMI,
Asian Indians have higher waist circumference, higher waist-hip
ratio, and higher visceral and subcutaneous fat leading to more
insulin resistance compared to individuals of European origin
[14,15].

The cost of diabetes worldwide was US$1$31 trillion, or 1$8% of
the global gross domestic product (GDP), in 2015, two-thirds of
which were direct medical costs, and one-third being indirect costs
due to loss of productivity [16]. In India, the economics of healthcare is almost exclusively managed by the private sector, considering that the public health care funding is lower in India than other
countries in the region, and considerably lower than in Europe and
western countries. This means that the large economic burden of
diabetes is almost exclusively borne by the patients [17].
This substantiates a need for better dissection of diabetes subtypes to facilitate better treatment strategies tailored for individual
needs. Potential replication of the ANDIS clusters could help to
understand etiology and identify individuals at greater risk for
complications. Identiﬁcation of novel clusters will be even more
interesting to understand the complex etiology of diabetes in this
largely heterogeneous population. However, this does not preclude
the continued implementation of current treatment strategies and
regimen by expert physicians. The new classiﬁcation will, in fact,
mandate the physicians to tailor therapies more suited to the patient's needs.
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