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Type 2 diabetes can also be multigenerational like MODY
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Type 2 diabetes (T2DM) is now known to comprise of a
heterogeneous group of metabolic disorders. The common
garden variety of T2DM with onset in adult life is a multi-
factorial or polygenic disorder with multiple genes each
playing a relatively minor role towards the overall risk of
T2DM [1]. In addition, there is a large environmental
component. Familial aggregation of T2DM is well known,
and up to 40–60% of T2DM patients may have a family
history of diabetes in a first degree relative [2]. This figure
would obviously be higher if all the relatives were screened
for diabetes rather than based on ‘known’ family history of
diabetes. Multigenerational diabetes, with an autosomal
dominant type of inheritance, is common in the monogenic
forms of diabetes like Maturity Onset Diabetes of the Young
(MODY) [3, 4]. Patients with MODY, typically have a
diabetic parent and a grandparent, and often a great
grandparent on the affected parent’s side with diabetes,
suggestive of autosomal dominant inheritance [5]. MODY
type diabetes, is now classified into at least 6 distinct types
(MODY-1 to MODY-6) based on the specific genetic
mutation involved, although newer MODY types continue
to be described [6, 7]. MODY 3 (due to HNF1- ∝ mutations)
is the commonest form of MODY followed by MODY-1
(due to HNF-4 ∝ mutations) and together they are believed to
comprise up to 75% of adult onset MODYamong Europeans
[3, 4, 6]. In contrast, among Asian Indians while the

prevalence of MODY based on clinical criteria is high [8],
MODY 3 mutations were seen only in 9% of clinically
diagnosed MODY patients [9] while another 3.4% had
MODY 1 [10]. In these reports, some novel MODY 3 and
MODY 1 mutations were also described. Thus it is clear, that
the majority of clinically suspected MODYpatients in India,
either have other forms of MODYor, they may in fact, have
an early onset form of T2DM.

The phenotype of MODY 3 and MODY 1 is characterized
by overt, and often severe, diabetes [3, 4, 6, 7]. In contrast,
MODY 2 due to glucokinase mutations, is a milder form of
diabetes, often exhibiting just glucose intolerance (impaired
glucose tolerance or impaired fasting glucose); it is usually
asymptomatic and is picked up during routine screening of
children or pregnant women [11]. Tattersall’s cases, obviously
carrying MODY 2 mutations, rarely progressed to diabetic
complications [12] while MODY 1 and MODY 3, being
more severe forms of diabetes were prone to develop
microvascular complications like retinopathy or nephropathy
[6, 13, 14]. Most forms of MODYare characterized by insulin
secretory defects and insulin resistance is less common [15].

In contrast to MODY, early onset T2DM is a form of
polygenic T2DM but with onset of diabetes at younger ages.
As with classical T2DM, the predominant etiopathogenic
mechanism in early onset T2DM is insulin resistance [16].
Patients with early onset T2DM often have diabetes in one or
both parents, but unlike MODY, multigenerational transmis-
sion through the affected parent’s side, is less common.
Clinically, they tend to have features of insulin resistance
such as obesity and acanthosis nigricans; in addition, features
of polycystic ovarian disease are quite common in girls with
early onset T2DM [16].

Till recently, it had been assumed that an autosomal
dominant transmission of diabetes, with the classical multi-
generational occurrence of diabetes, is restricted to the
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monogenic forms of diabetes like MODY [4]. Recently, our
group reported a series of multigenerational autosomal
dominant form of diabetes in south Indian T2DM subjects
[17]. The age at diagnosis of diabetes in the probands with
autosomal dominant multigenerational transmission of
T2DM in that series was above 25 years of age in 77.4%
of T2DM and above 45 years of age in 28% of T2DM. This
is in contrast to MODY where the age at diagnosis is below
25 years according to the classical definition of MODY by
Tattersal and Fajans [5]. Thus we showed that mere presence
of multigenerational diabetes is not against the diagnosis of
T2DM. In the same report, we also showed that there was no
difference in the clinical and biochemical profile, or the
prevalence of diabetes related complications, in T2DM
patients with multigenerational diabetes compared to
T2DM patients without multigenerational diabetes [17].
Another study from UK comparing family histories in South
Asian and European T2DM subjects, also showed that
autosomal dominant multigenerational diabetes was common
among south Asians in the UK [18].

The minimal criterion for autosomal dominant inheritance
is the occurrence of diabetes in two generations, although
most families have at least three or more generations affected.
In those with autosomal dominant inheritance, by definition,
only one of the parents of an affected proband need be
affected. Therefore, considerable caution should be exercised
before defining a family in which both parents have diabetes
as a MODY family, because children who inherit a “double
gene dose” of T2DM from both parents tend to have an earlier
onset of diabetes [16].

In this issue of the IJDDC, Irwing et al. [19] report on
what they term “Mosaic Pancreas” or “type 3 diabetes”.
Essentially this is a case report of three probands from large
families of multigenerational inheritance of early onset
T2DM in at least 3 generations, detected at the University
Hospital of the West Indies, Jamaica during a screening
process for patients with MODY. The authors report that all
the 6 MODY gene variants were absent in the three
probands. Islet cell antibodies were absent in 2 of the 3
probands studied, but positive in one. The authors propose
that these 3 cases could form a new type of diabetes which
they propose to call “Mosaic pancreas” or “type 3
diabetes”. While the cases described by the authors are
certainly of interest, it would be difficult to justify labeling
them as a separate class of diabetes in the absence of
specific genetic or other diagnostic markers. One could
argue, that but for the presence of multigenerational
diabetes, there is nothing unusual about the probands 1
and 2 described in their report. Proband 3 with the ICA
positivity may well have Latent Autosomal Diabetes of
Adults (or LADA). It is known that some patients with
diabetes present with what initially looks like T2DM but
they have ICA or GAD positivity. These patients eventually

require insulin and behave like type 1 diabetes (T1DM) and
are called as LADA [20]. The authors propose the new term
for their patients based on “heterogeneity” in the clinical
presentation of T2DM. However T2DM is well known for
its marked heterogeneity; for example, young or older age
at onset; presence or absence of family history of diabetes;
obese or non obese types; mild to marked insulin
resistance; mild to marked insulin secretory defect and
presence or absence of microvascular complications.
Introducing a new terminology of diabetes based on the
clinical findings presented, is therefore clearly unjustified.
However, the report undoubtedly shows the heterogeneity
in the clinical presentation of T2DM and underscores the
need for more detailed studies on T2DM in different ethnic
groups to fully characterize this complex disorder. It is
likely that as our knowledge of the etiopathogenic
mechanisms develop further, many cases presently classi-
fied as T2DM, may well fall into newer types or categories
of diabetes and thus be removed from the “mixed bag” of
what is currently lumped together under type 2 diabetes.
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