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Executive summary

This document updates the 1999 World Health Organization (WHO) classification of diabetes. It prioritizes
clinical care and guides health professionals in choosing appropriate treatments at the time of diabetes
diagnosis, and provides practical guidance to clinicians in assigning a type of diabetes to individuals
at the time of diagnosis. It is a compromise between clinical and aetiological classification because
there remain gaps in knowledge of the aetiology and pathophysiology of diabetes.

While acknowledging the progress that is being made towards a more precise categorization of diabetes
subtypes, the aim of this document is to recommend a classification that is feasible to implement in
different settings throughout the world. The revised classification is presented in Table 1.

Unlike the previous classification, this classification does not recognize subtypes of type 1 diabetes
and type 2 diabetes and includes new types of diabetes (“hybrid types of diabetes” and “unclassified
diabetes”).



Table 1: Types of diabetes

Type 1 diabetes

B-cell destruction (mostly immune-
mediated) and absolute insulin
deficiency; onset most common in
childhood and early adulthood

Type 1 sub-classes removed

Type 2 diabetes

Most common type, various degrees
of B-cell dysfunction and insulin
resistance; commonly associated
with overweight and obesity

Type 2 sub-classes removed

Hybrid forms of diabetes

New type of diabetes

Slowly evolving, immune-
mediated diabetes of adults

Similar to slowly evolving type

1 in adults but more often has
features of the metabolic syndrome,
a single GAD autoantibody and
retains greater B-cell function

Nomenclature changed — previously
referred to as latent autoimmune
diabetes of adults (LADA)

Ketosis-prone type 2 diabetes

Presents with ketosis and insulin deficiency
but later does not require insulin; common
episodes of ketosis, not immune-mediated

No change

Other specific types

Monogenic diabetes
- Monogenic defects of B-cell function

- Monogenic defects in insulin action

Caused by specific gene mutations, has
several clinical manifestations requiring
different treatment, some occurring in the
neonatal period, others by early adulthood

Caused by specific gene mutations;
has features of severe insulin
resistance without obesity; diabetes
develops when B-cells do not
compensate for insulin resistance

Updated nomenclature for
specific genetic defects

Various conditions that affect the

associated with diabetes

abnormalities increase the risk of diabetes

Diseases of the exocrine pancreas pancreas can result in hyperglycaemia No change
(trauma, tumor, inflammation, etc.)

Endocrine disorders Occurs in diseases with excess secretion No change
of hormones that are insulin antagonists 9
Some medicines and chemicals

Drug- or chemical-induced impair insulin secretion or action, No change
some can destroy B-cells

Infection-related diabetes Some viruses have been assomated No change
with direct B-cell destruction

Uncommon specific forms of Associated with rare immune- No change

immune-mediated diabetes mediated diseases g

Other genetic syndromes sometimes Many genetic disorders and chromosomal

No change

Unclassified diabetes

Used to describe diabetes that does not
clearly fit into other categories. This
category should be used temporarily when
there is not a clear diagnostic category
especially close to the time of diagnosis

New types of diabetes

Hyperglycaemia first detected during pregn

ancy

Diabetes mellitus in pregnancy

Type 1 or type 2 diabetes first
diagnosed during pregnancy

No change

Gestational diabetes mellitus

Hyperglycaemia below diagnostic
thresholds for diabetes in pregnancy

Defined by 2013 diagnostic criteria

Hbalc = 48 mmol/mol

Diagnostic criteria for diabetes: fasting plasma glucose = 7.0 mmol/L or 2-hour post-load plasma glucose = 11.1 mmol/L or

Diagnostic criteria for gestational diabetes: fasting plasma glucose 5.1-6.9 mmol/L or 1-hour post-load plasma glucose > 10.0 mmol/L
or 2-hour post-load plasma glucose 8.5-11.0 mmol/L
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Introduction

Since 1965 the World Health Organization has periodically updated and published guidance on how to
classify diabetes mellitus (hereafter referred to as “diabetes”) (7). This document provides an update
on the guidance last published in 1999 (2).

Diabetes comprises many disorders characterized by hyperglycaemia. According to the current
classification there are two major types: type 1 diabetes (T1DM) and type 2 diabetes (T2DM).
The distinction between the two types has historically been based on age at onset, degree of loss of B cell
function, degree of insulin resistance, presence of diabetes-associated autoantibodies, and requirement
forinsulin treatment for survival (3). However, none of these characteristics unequivocally distinguishes
one type of diabetes from the other, nor accounts for the entire spectrum of diabetes phenotypes.

There are several reasons for revisiting the diabetes classification. Firstly, the phenotypes of T1DM
and T2DM are becoming less distinctive with an increasing prevalence of obesity at a young age,
recognition of the relatively high proportion of incident cases of T1DM in adulthood and the occurrence
of T2DM in young people. Secondly, developments in molecular genetics have allowed clinicians to
identify growing numbers of subtypes of diabetes, with important implications for choice of treatment
in some cases. In addition, increasing knowledge of pathophysiology has resulted in a trend towards

developing personalized therapies and precision medicine (3). Unlike the previous classification,
this classification does not recognize subtypes of TIDM and T2DM, includes new types of diabetes
("hybrid types of diabetes” and “unclassified diabetes”), and provides practical guidance to clinicians
for assigning a type of diabetes to individuals at the time of diagnosis.




1. Diabetes: Definition and diagnosis

The term diabetes describes a group of metabolic disorders characterized and identified by the presence
of hyperglycaemia in the absence of treatment. The heterogeneous aetio-pathology includes defects in
insulin secretion, insulin action, or both, and disturbances of carbohydrate, fat and protein metabolism.
The long-term specific effects of diabetes include retinopathy, nephropathy and neuropathy, among
other complications. People with diabetes are also at increased risk of other diseases including heart,
peripheral arterial and cerebrovascular disease, obesity, cataracts, erectile dysfunction, and nonalcoholic
fatty liver disease. They are also at increased risk of some infectious diseases, such as tuberculosis.

Diabetes may present with characteristic symptoms such as thirst, polyuria, blurring of vision,
and weight loss. Genital yeast infections frequently occur. The most severe clinical manifestations
are ketoacidosis or a non-ketotic hyperosmolar state that may lead to dehydration, coma and, in the
absence of effective treatment, death. However, in T2DM symptoms are often not severe, or may be
absent, owing to the slow pace at which the hyperglycaemia is worsening. As a result, in the absence
of biochemical testing, hyperglycaemia sufficient to cause pathological and functional changes may
be present for a long time before a diagnosis is made, resulting in the presence of complications at
diagnosis. It is estimated that a significant percentage of cases of diabetes (30-80%, depending on
the country) are undiagnosed (4).

Four diagnostic tests for diabetes are currently recommended, including measurement of fasting plasma
glucose; 2-hour (2-h) post-load plasma glucose after a 75 g oral glucose tolerance test (OGTT); HbA1c;
and a random blood glucose in the presence of signs and symptoms of diabetes. People with fasting
plasma glucose values of = 7.0 mmol/L (126 mg/dl), 2-h post-load plasma glucose = 11.1 mmol/L
(200 mg/dl) (5), HbA1c = 6.5% (48 mmol/mol); or a random blood glucose = 11.1 mmol/L (200 mg/
dl) in the presence of signs and symptoms are considered to have diabetes (6). If elevated values are
detected in asymptomatic people, repeat testing, preferably with the same test, is recommended as
soon as practicable on a subsequent day to confirm the diagnosis (6).

A diagnosis of diabetes has important implications for individuals, not only for their health, but also
because of the potential stigma that a diabetes diagnosis can bring may affect their employment,
health and life insurance, driving status, social opportunities, and carry other cultural, ethical and
human rights consequences.

1.1 Epidemiology and global burden of diabetes

Diabetes is found in every population in the world and in all regions, including rural parts of low- and
middle-income countries. The number of people with diabetes is steadily rising, with WHO estimating
there were 422 million adults with diabetes worldwide in 2014. The age-adjusted prevalence in adults
rose from 4.7% in 1980 to 8.5% in 2014, with the greatest rise in low- and middle-income countries
compared to high-income countries (7). In addition, the International Diabetes Federation (IDF) estimates
that 1.1 million children and adolescents aged 14—19 years have T1DM (8). Without interventions
to halt the increase in diabetes, there will be at least 629 million people living with diabetes by 2045
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(8). High blood glucose causes almost 4 million deaths each year (7), and the IDF estimates that the
annual global health care spending on diabetes among adults was USS 850 billion in 2017 (8).

The effects of diabetes extend beyond the individual to affect their families and whole societies. It has
broad socio-economic consequences and threatens national productivity and economies, especially
in low- and middle-income countries where diabetes is often accompanied by other diseases.

1.2 Aetio-pathology of diabetes

It is now generally agreed that the underlying characteristic common to all forms of diabetes is the
dysfunction or destruction of pancreatic B-cells (9-72). Many mechanisms can lead to a decline in
function or the complete destruction of B-cells (these cells are not replaced, as the human pancreas
seems incapable of renewing B-cells after the age of 30 years (73)). These mechanisms include
genetic predisposition and abnormalities, epigenetic processes, insulin resistance, auto-immunity,
concurrent illnesses, inflammation, and environmental factors. Differentiating B-cell dysfunction and

decreased B-cell mass could have important implications for therapeutic approaches to maintaining
orimproving glucose tolerance (77). Understanding B-cell status can help define subtypes of diabetes,
and guide treatment (72)




2. Classification systems for diabetes

2.1 Purpose of a classification system for diabetes

Hyperglycaemia is the defining common feature of all types of diabetes, but aetiology, underlying
pathogenic mechanisms, natural history and treatment for the different types of diabetes differ. Ideally,
all types of diabetes would be defined by defining features that are specific and exclusive to that type
of diabetes (3). However, some types of diabetes are difficult to classify.

Classification systems can broadly be used for three primary aims:

» Guide clinical care decisions
» Stimulate research into aetio-pathology

» Provide a basis for epidemiological studies

Any classification system should be able to help with all three of these key activities, but at present
there are so many gaps in understanding the causes of diabetes that the current classification cannot
fulfil this triple role.

Clinical care decisions

Subtyping diabetes is important in clinical care for diagnosis, to guide treatment choices, and when
making treatment decisions for a person whose glycaemic control is unsatisfactory. An incorrect
treatment decision could risk a person developing diabetic ketoacidosis (DKA) or lead to unnecessary
insulin therapy in the case of some forms of monogenic diabetes. The phenotype of both T1DM
(overweight or obese) and T2DM (younger, normal weight) have changed over time and contributes
to clinicians’ increasing difficulty classifying types of diabetes.

Aetio-pathology

The aetiology and pathogenesis of diabetes can be described simplistically as problems with
insulin sensitivity and insulin secretion, but the underlying specific defects are complex and not well
understood. While some specific defects have been identified (e.g. genetic abnormalities resulting in
insulin secretory problems), defining the mechanisms underlying common forms of diabetes remains
challenging as they are increasingly recognized to involve a complex interplay of genetic, epigenetic,
proteomic and metabolomic processes. Identifying these abnormalities will improve our understanding
of the underlying mechanisms of diabetes and its treatment, but at present, our limited knowledge of
these complex abnormalities hinders the development of a practical and clinically useful classification
system for diabetes.

This problem also currently applies to the field of pharmacogenomics. A systematic review commissioned
by WHO has examined the association between specific genetic variants and response to blood
glucose lowering therapies (74). While it is well known in clinical practice that some people respond
better than others to a specific blood glucose-lowering treatment, studies of genetic variants and drug
response in a person with diabetes have to date demonstrated only small and inconsistent effects
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across studies. While pharmacogenomics holds promise to more precisely target therapy for T2DM,
it is not currently clinically helpful.

Epidemiological studies

Most epidemiological studies report overall prevalence of diabetes without distinguishing between
subtypes, despite the value of subtyping for such studies. Subtyping T1DM and T2DM in population
studies is feasible using frequently available clinical information (75, 76). Some studies have reported
the population prevalence of other forms of diabetes, e.g. monogenic diabetes (77, 18) and diabetes
due to pancreatic disease (79). Classification of diabetes type is particularly important for incidence
studies and studies on diabetes-related complications.

2.2 Previous WHO classifications of diabetes

Diabetes has been known about for many centuries. The 5" century physician Aretaeus first used the
term “diabetes” (meaning “a siphon” in Greek) to describe the disease as a “melting down of flesh and
limbs into urine”. Indian physicians during the 5" century BC described the sweet, honey-like taste of
urine in polyuric patients (madhu meha, meaning “honey urine”) that attracted ants and other insects,
but the word “mellitus” (Latin for “honey”) was added in the 17" century. As early as the 5" century
AD descriptions of diabetes mentioned two forms, one in older, fatter people and the other in thinner
people with short survival (20).

WHO published its first classification system for diabetes in 1965 using four age of diagnosis categories:
infantile or childhood (with onset between the ages of 0—14); young (with onset between the ages
of 15—24 years); adult (with onset between the ages of 25-64 years); and elderly (with onset at the
age of 65 years or older). In addition to classifying diabetes by age, WHO recognized other forms of
diabetes: juvenile-type; brittle; insulin-resistant; gestational; pancreatic; endocrine and iatrogenic (7).

WHO published its first widely accepted and globally adopted classification of diabetes in 1980 (27)
and an updated version of this in 1985 (22). These classifications included two major classes of
diabetes: insulin dependent diabetes mellitus (IDDM), or type 1; and non-insulin dependent diabetes
mellitus (NIDDM), or type 2 (217). The 1985 report omitted the terms “type 1" and “type 2", but retained
the classes IDDM and NIDDM, and introduced a class of malnutrition-related diabetes mellitus
(MRDM) (22). Both the 1980 and 1985 reports included two other classes of diabetes: “other types”
and “gestational diabetes mellitus” (GDM). These were reflected in the International nomenclature of
diseases (IND) in 1991, and the tenth revision of the International Classification of Diseases (ICD-10)
in 1992. These reports represented a compromise between clinical and aetiological classification
and allowed clinicians to classify individual subjects even when the specific cause or aetiology was
unknown.

In 1999 WHO recommended that the classification should encompass not only the different aetiological
types of diabetes, but also the clinical stages of the disease (2) (see Figure 1). The clinical staging reflects
that people with diabetes, regardless of type, can progress through several stages, from normoglycaemia
to severe hyperglycaemia with ketosis. However, not everyone will go through all stages. Moreover,
individuals with T2DM may move from stage to stage in either direction. People who have, or who



are developing, diabetes can be categorized by stage according to clinical characteristics, in the
absence of information concerning the underlying aetiology. In 1999, WHO reintroduced the terms
type 1 and type 2 diabetes and dropped MRDM because of lack of evidence to support its existence

as a distinct type.

Figure 1: Disorders of glycaemia: aetiological types and clinical stages

(WHO, 1999)

Type 1

Autoimmune

Idiopathic

Type 2*

Predominantly
insulin
resistance

Predominantly
insulin
secretory
defects

Other specific types”

Gestational
diabetes”

Normoglycaemia

Hyperglycaemia

Normal glucose Impaired glucose Diabetes Mellitus
tolerance regulation
IGT and/or IFG Not insulin Insulin Insulin requiring
requiring requiring for for survival
control
4 > ............ >
4 > ............ >
< > ............ >

“In rare instances patients in these categories (e.g. Vacor Toxicity, Type 1 presenting in pregnancy, etc.) may require insulin for survival.

Source: reproduced from the World Health Organization's 1999 classification (2).
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2.3 Recent calls to update the WHO classification of diabetes

There have been recent calls to review and update the classification system for diabetes. This is
because many people with diabetes do not fit into any single category; there have been recent advances
in knowledge of pathophysiological pathways and emerging technologies to examine pathology and
treatments that act on specific pathways; and there is a trend towards individualized treatment.

There is well-established acceptance of the overlap of diabetes subtypes, especially in relation to
T1DM, T2DM and so-called latent autoimmune diabetes of adults (LADA) (3). Laboratory tests could
in some instances improve disease classification and potentially improve the efficacy of treatment
for diabetes, but many of these tests are beyond the reach or affordability of most clinical settings
throughout the world.

A recent proposal suggested a classification system centred on the B-cell (70). Proponents for this
model note that all forms of diabetes have abnormal pancreatic f—cell function and that individually or
in concert, 11 distinct pathways contribute to f—cell stress, dysfunction, or loss. In this way treatments
could be targeted to specific mediating pathways of hyperglycaemia in a given patient. This proposal
expands on an earlier model which described eight core defects of diabetes (23). While the B—cell-
centric model is a conceptual framework to help optimize diabetes care and precision treatment, it is
predicated on additional diagnostic tests that are either not standardized or not routinely available
in most clinical settings, e.g. measurement of C-peptide, 3-cell-specific autoantibodies, markers of
low-grade inflammation, measures of insulin resistance, and assays for B-cell mass.

2.4 WHO classification of diabetes 2079

Ideally a single classification system for diabetes would facilitate three primary purposes: clinical care,
aetio-pathology and epidemiology. However, this is not possible with our current state of knowledge
and the resources available in most countries throughout the world.

With this in mind, the Expert group considered it best to define a classification system that prioritizes
clinical care and helps health professionals choose appropriate treatments, and whether or not to
start treatment with insulin, particularly at the time of diagnosis.

The group considered that the prerequisites of a clinically based classification system include being
internationally applicable and using easy and readily available clinical parameters and resources;
being reliable and equitable; and feasible to implement.

The only classification system which could currently go some way towards achieving this is one
based on clinical parameters to identify diabetes subtypes. Some countries and clinical or research
centres can supplement this approach with specific additional investigations, but these are not
universally available and a classification system which relied on these measures would have limited
global applicability.

Clinically, genotyping is relevant to monogenic diabetes but not T1DM or T2DM which are polygenic
(genome-wide association studies have identified over 100 associated genetic markers (9)). At this time,



genotyping for diabetes subtyping is only relevant to patients in whom clinicians suspect monogenic
diabetes and may be useful in a research setting in relation to other types of diabetes.

Autoantibodies against a variety of B-cell components including glutamic acid decarboxylase (GAD65),
islet antigen-2 (IA-2), zinc transporter 8 (ZnT8) and insulin are commonly found in people with classical
T1DM but can also be found in some people with T2DM.

Endogenous insulin production can be assessed by measuring blood C-peptide either in the fasting
state or after a stimulus, most commonly intravenously administered glucagon. C-peptide can also be
measured in urine. In the early stages of diabetes, measuring C-peptide provides information which
may help to distinguish T1DM from T2DM, but is not routinely done clinically.
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Table 2: Types of diabetes

Type 1 diabetes

Type 2 diabetes

Hybrid forms of diabetes

Slowly evolving immune-mediated diabetes of adults

Ketosis prone type 2 diabetes

Other specific types (see Tables)

Monogenic diabetes

- Monogenic defects of 3-cell function

- Monogenic defects in insulin action

Diseases of the exocrine pancreas

Endocrine disorders

Drug- or chemical-induced

Infections

Uncommon specific forms of immune-mediated diabetes

Other genetic syndromes sometimes associated with diabetes

Unclassified diabetes

This category should be used temporarily when there is not a clear diagnostic category especially close to the time
of diagnosis of diabetes

Hyperglyacemia first detected during pregnancy

Diabetes mellitus in pregnancy

Gestational diabetes mellitus

2.4.1 Type 1 diabetes

Data on global trends in T1DM prevalence and incidence are not available, but data from many high-
income countries indicate an annual increase of between 3% and 4% in the incidence of T1DM in
childhood (24).

Males and females are equally affected (25). Despite T1DM occurring frequently in childhood, onset can
occur in adults and 84% of people living with T1DM are adults (26). T1DM decreases life expectancy
by around 13 years in high-income countries (27). The prognosis is far worse in countries with limited
access to insulin. Distinguishing T1DM and T2DM in adults can be challenging, and misclassifying
T1DM as T2DM and vice versa may impact estimates of prevalence and incidence (28). A recent study
applied a T1DM genetic risk score to individuals of European descent taking part in the UK's Biobank
research project and concluded that 42% of T1DM occurred after the age of 30 years, and accounted for
4% of all cases of diabetes diagnosed between the ages of 31 and 60 years. The clinical characteristics
of these individuals included a lower body mass index, use of insulin within 12 months of diagnosis,
and increased risk of diabetic ketoacidosis (29).



The rate of B-cell destruction is rapid in some individuals and slow in others (30). The rapidly progressive
form of T1DM is commonly observed in children but may also occur in adults. Some patients, particularly
children and adolescents, may present with ketoacidosis as the first manifestation of the disease (37).
Others may have modest hyperglycaemia that can rapidly change to severe hyperglycaemia and/or
ketoacidosis in the presence of infection or other stress. Still others, particularly adults, may retain
residual B-cell function sufficient to prevent ketoacidosis for many years. At the time of classical clinical
presentation with T1DM, there is little or no insulin secretion as manifested by low or undetectable
levels of C-peptide in blood or urine (32). The presence of obesity in people with T1DM parallels the
increase of obesity in the general population.

Between 70% and 90% of people with T1DM at diagnosis have evidence of an immune-mediated
process with B-cell autoantibodies against glutamic acid decarboxylase (GAD65), islet antigen-2
(IA-2), ZnT8 transporter or insulin, and associations with genes controlling immune responses (33).
In populations of European descent, most of the genetic associations are with HLA DQ8 and DQ2.
The specific pathogenesis in those without immune features is unclear (34), although some may have
monogenic forms of diabetes. These two groups of T1DM have previously been referred to as type
1A (autoimmune) and type 1B (non-immune) diabetes but this terminology is not frequently used nor
is it clinically helpful (28). Consequently, this report refers only to T1DM without the subtypes used
in the WHO 1999 classification (2).

Fulminant type 1 diabetes is a form of acute onset T1DM in adults mainly reported in East Asia (35,
36). It accounts for approximately 20% of acute-onset T1DM in Japan (37) and 7% in Korea (38). It is
also common in China (39) but rare in people of European descent. The major clinical characteristics
of fulminant type 1 diabetes include abrupt onset; very short duration (usually less than 1 week) of
hyperglycaemic symptoms; virtually no C-peptide secretion at the time of diagnosis; ketoacidosis at
the time of diagnosis; mostly negative for islet-related autoantibodies; increased serum pancreatic
enzyme levels; frequent flu-like and gastrointestinal symptoms just before the disease onset. Cellular
infiltration of macrophages and T cells into islets suggests an accelerated immune response to virus-
infected islet cells and rapid destruction of B-cells.

Measuring islet autoantibodies remains important to research as it can help shed light on the aetiology
and pathogenesis of T1DM (40). While measuring islet autoantibodies has limited value in clinical
practice, in classical TTDM it may have a role when there is uncertainty as to whether a person has
T1DM or T2DM. However, the decision to use insulin should not rely on the presence of such markers,
but rather on the clinical need.

2.4.2 Type 2 diabetes

T2DM accounts for between 90% and 95% of diabetes, with highest proportions in low- and middle-
income countries. It is a common and serious global health problem that has evolved in association
with rapid cultural, economic and social changes, ageing populations, increasing and unplanned
urbanization, dietary changes such as increased consumption of highly processed foods and sugar-
sweetened beverages, obesity, reduced physical activity, unhealthy lifestyle and behavioural patterns,
fetal malnutrition, and increasing fetal exposure to hyperglycaemia during pregnancy. T2DM is most
common in adults, but an increasing number of children and adolescents are also affected (7).
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B-cell dysfunction is required to develop T2DM. Many with T2DM have relative insulin deficiency
and early in the disease absolute insulin levels increase with resistance to the action of insulin (77).
Most people with T2DM are overweight or obese, which either causes or aggravates insulin resistance
(417, 42). Many of those who are not obese by BMI criteria have a higher proportion of body fat
distributed predominantly in the abdominal region, indicating visceral adiposity compared to people
without diabetes (43). However, in some populations, such as Asians, B-cell dysfunction appears to
be a more notable prominent than in populations of European descent (44). This is also observed in
thinner people from low- and middle-income countries such as India (45), and among people of Indian
descent living in high-income countries (46, 47).

For most people with T2DM, insulin treatment is not required for survival but may be required to lower
blood glucose to avert chronic complications. T2DM often remains undiagnosed for many years because
the hyperglycaemia is not severe enough to provoke noticeable symptoms of diabetes (48). Nevertheless,
these people are at increased risk of developing macrovascular and microvascular complications (49).
Complications are a particular problem in young-onset T2DM — increasingly recognized as a severe
phenotype of diabetes and associated with greater mortality rates, more complications, and unfavorable
cardiovascular disease risk factors when compared to T1DM of similar duration (50, 57). In addition,
the response to oral blood glucose medications is often poor among young people with diabetes (52).

Many factors increase the risk of developing T2DM including age, obesity, unhealthy lifestyles and prior
gestational diabetes (GDM). The frequency of T2DM also varies between different racial and ethnic
subgroups, especially in young and middle-aged people. There are particular populations that have a
higher occurrence of type 2 diabetes, for example Native Americans, Pacific Islanders, and populations
in the Middle East and South Asia (4, 53). It is also often associated with strong familial, likely genetic
or epigenetic predisposition (4, 47). However, the genetics of T2DM are complex and not clearly
defined, though studies suggest that some common genetic variants of T2DM occur among many
ethnic groups and populations (54).

Ketoacidosis is infrequent in T2DM but when seen it usually arises in association with the stress
of another illness such as infection (55, 56). Hyperosmolar coma may occur, particularly in elderly
people (57).

The specific aetiologies of T2DM are still unclear, and likely reflect several different mechanisms. Itis
likely that in future, subtypes will be created that may be classified under “other types” (see “Other
specific types of diabetes”).

2.4.3 Hybrid forms of diabetes

Attempts to distinguish T1DM from T2DM among adults have resulted in proposed new disease
categories and nomenclatures, including slowly evolving immune-mediated diabetes and ketosis-
prone T2DM (28).

Slowly evolving immune-mediated diabetes
A slowly evolving form of immune-mediated diabetes has been described for many years, most frequently
in adults who present clinically with what is initially thought to be T2DM, but who have evidence



of pancreatic autoantibodies that can react with non-specific cytoplasmic antigens in islet cells,
glutamic acid decarboxylase (GAD), protein tyrosine phosphatase I1A-2, insulin, or ZnT8. This form of
diabetes has often been referred to as “latent autoimmune diabetes in adults” (LADA). The rationale
for using the word “latent” was to distinguish these slow-onset cases from classical adult TTDM (58).
However, the appropriateness of this name has been questioned (59). This group of people does not
require insulin therapy at diagnosis, are initially controlled with lifestyle modification and oral agents,
but progress to requiring insulin more rapidly than people with typical T2DM (60). In some regions of
the world this form of diabetes is more common than classic, rapid-onset TTDM (9). A similar subtype
has also been reported in children and adolescents with clinical T2DM and pancreatic autoantibodies
and has been referred to as latent autoimmune diabetes in youth (67, 62).

There are no universally agreed criteria for this subtype of diabetes, but three criteria are often used:
positivity for GAD autoantibodies, age older than 35 years at diagnosis, and no need for insulin
therapy in the first 6—12 months after diagnosis. Among individuals with clinically diagnosed T2DM,
the prevalence of autoantibodies to GAD differs between regions and ethnic groups, with 5=14% in
Europe, North America, and Asia having autoantibodies, with some variation with younger age at
diagnosis and by ethnicity. Of these autoantibody-positive individuals, 90% have GAD autoantibodies
and 18—24% have autoantibodies to protein tyrosine phosphatase IA-2 or ZnT8. GAD autoantibodies
in people with apparent T2DM persist, with one study reporting 41% seroconverting to autoantibody-
negative status during a 10-year follow-up (63). However even in T1DM, GAD autoantibodies may still
be detected 10 years after diagnosis (64).

Whether slowly evolving immune-mediated diabetes represents a separate clinical subtype or is merely
a stage in the process leading to T1DM has provoked considerable discussion (28). Some have argued
that the basis for designating this as a distinct subtype are insubstantial, that the epidemiology is plagued
by methodological problems, and that the clinical value of diagnosing it has not been demonstrated
(59), while others have called for a new definition, one that includes the double component of B-cell
autoimmunity and insulin resistance (65). Relative differences between slowly evolving immune-
mediated diabetes and T1DM include obesity, features of the metabolic syndrome, retaining greater
B-cell function, expressing a single autoantibody (particularly GAD65), and carrying the transcription
factor 7-like 2 (TCF7L2) gene polymorphism (66).

Ketosis-prone type 2 diabetes

Over the past 15 years, a ketosis-prone form of diabetes initially identified in young African-Americans
(67) has emerged as a new clinical entity (68). This subtype has variously been described as a variant
of T1DM or T2DM. Some have suggested that people classified with idiopathic or type 1B diabetes
should be reclassified as having ketosis-prone type 2 diabetes (69, 70).

Ketosis-prone type 2 diabetes is an unusual form of non-immune ketosis-prone diabetes first reported
in young African-Americans in Flatbush, New York, USA (67, 71). Subsequently similar phenotypes were
described in populations in sub-Saharan African (68). Typically, those affected present with ketosis and
evidence of severe insulin deficiency but later go into remission and do not require insulin treatment.
Reports suggest that further ketotic episodes occur in 90% of these people within 10 years. In high-
income countries, obese males seem to be most susceptible to this form of diabetes but a similar
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pattern of presentation has been observed in lean individuals in populations in low-income countries.
Ketosis-prone type 2 diabetes is observed in all populations, but it is least common in populations of
European origin. While it presents with diabetic ketoacidosis, the subsequent clinical course more closely
resembled T2DM (72). The underlying pathogenesis is unclear. There is a transient secretory defect of
B-cells at the time of presentation with remarkable recovery of insulin-secretory capacity during the
period(s) of remission (68). No genetic markers or evidence of auto-immunity have been identified.

Ketosis-prone T2DM can be differentiated from T1DM and classical T2DM by specific epidemiologic,
clinical, and metabolic features of diabetes onset and by the natural history of impairment in insulin
secretion and action. Glucose toxicity may play a role in the acute and phasic B-cell failure in ketosis-
prone type 2 diabetes. Restoration of normoglycaemia after insulin therapy is accompanied by a
dramatic and prolonged improvement in B-cell insulin secretory function (68).




2.4.4 Other specific types of diabetes

Table 3 contains a list of other specific types of diabetes

Table 3: Other specific types of diabetes*

Monogenic diabetes

Monogenic defects of B-cell function (mutated
gene followed by clinical syndrome)

Monofqenic defects in insulin action (mutated
gene followed by clinical syndrome)

GCK MODY

HNFT1A MODY

HNF4A MODY

HNF1B RCAD

MtDNA 3243 MIDD
KCNJ11 PNDM

KCNJ11 DEND

60q24 TNDM

ABCC8 MODY

INS PNDM

WFS1 Wolfram syndrome
FOXP3 IPEX syndrome
EIF2AK3 Wolcott-Rallison syndrome

INSR Type A insulin resistance

INSR Leprechaunism

INSR Rabson-Mendenhall syndrome
LMNA FPLD

PPARG FPLD

AGPAT2 CGL

BSCL2 CGL

Other generic syndromes
sometimes associated
with diabetes (see Table 5)

Abbreviations: MODY = maturity-onset
diabetes of the young; RCAD = renal cysts
and diabetes; MIDD = maternally inherited
diabetes and deafness; PNDM = permanent
neonatal diabetes; TNDM = transient
neonatal diabetes; DEND = developmental
delay epilepsy and neonatal diabetes.

Abbreviations: FPLD = familial partial
lipodystrophy; CGL = congenital
generalized lipodystrophy

Diseases of the exocrine pancreas
Fibrocalculous pancreatopathy

Endocrine disorders
Cushing's syndrome

Congenital rubella
Cytomegalovirus
Others

Pancreatitis Acromegaly
Trauma/pancreatectomy Phaeochromocytoma
Neoplasia Glucagonoma
Cystic fibrosis Hyperthyroidism
Haemochromatosis Somatostatinoma
Others Others
Drug- or chemical-induced Uncommon forms of immune-
diabetes (see Table 4) mediated diabetes
Infections Insulin autoimmune syndrome

(autoantibodies to insulin)
Anti-insulin receptor antibodies
«Stiff man» syndrome

Others

Other clinically defined subgroups

Diabetes associated with massive hypertriglyceridaemia

*This is a list of the most common types in each category but is not exhaustive
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Monogenic diabetes

Since the last WHO classification of diabetes (2) there have been considerable advances in defining
the underlying molecular genetics that can help identify specific subtypes of diabetes. These advances
have revealed clinical subgroups that are genetically heterogeneous and have resulted in the recognition
of new genetic syndromes. The most important advance has been that genetic diagnosis can result
in improved treatment outcomes for some people, albeit a small proportion of the total number of
people with diabetes. As a consequence, genetic testing has been adopted for selected subgroups
of people as an aid to clinical management in some countries.

A simple approach to classification of monogenic subtypes of diabetes uses the gene symbol of the
mutated gene followed by the clinical syndrome (73). For example, a child diagnosed with permanent
neonatal diabetes (PNDM) due to a mutation in KCNJ11 is labeled as having KCNJ11 PNDM. If there
is a clinical diagnosis of PNDM but a gene mutation had neither been looked for nor found, then the
person would be categorized as PNDM only.

Monogenic defects of B-cell function

Clinical manifestations of monogenic defects in 3-cell function include maturity-onset diabetes of the
young (MODY), permanent neonatal diabetes (PNDM), transient neonatal diabetes (TNDM), and genetic
syndromes where insulin-deficient diabetes is associated with specific clinical features (74).

Dominantly inherited early-onset familial diabetes (generally with onset before the age of 25 years)
thatis not dependent oninsulin and results from p-cell dysfunction was recognized clinically as MODY
(75). The commonest genetic subtypes are due to mutations in the glucokinase gene (GCK MODY)
and hepato-nuclear factor gene (HNF1A MODY and HNF4A MODY) (76). Phenotype and treatment
responses vary. GCK MODY results in life-long mild fasting hyperglycaemia that deteriorates little
with age. These people rarely develop microvascular complications and typically do not require
pharmacological treatment for hyperglycaemia (77). HNFTA MODY, the commonest form of MODY,
results in progressive and marked hyperglycaemia with a high risk of microvascular and macrovascular
complications. These people are acutely sensitive to the hypoglycaemic effects of sulfonylureas (77),
allowing people with insulin-treated HNF1A to be successfully transferred to sulphonylureas (74). People
with HNF4A MODY are similar to those with HNFTA MODY except they have marked macrosomia and
transient neonatal hypoglycaemia (78).

Diabetes diagnosed before the age of 6 months is most likely monogenic neonatal diabetes rather
than T1DM (74). Approximately half have TNDM and the diabetes resolves; and the majority (~70%)
with TNDM have abnormalities in the chromosome 6q24 region (79). Approximately half of those with
PNDM have mutations in KCNJ11 or ABCC8 genes which encode the Kir6.2 and SURT subunits of the
ATP-sensitive potassium channel (K., channel) (80-82). Most of these individuals can eventually be

treated with oral sulfonylureas and do not require insulin.



The other common causes of isolated PNDM are heterozygous insulin gene mutations (83). There
are a wide variety of other genetic subtypes of neonatal diabetes mainly associated with multisystem
clinical syndromes (84).

Maternally inherited diabetes and deafness (MIDD) results from a heteroplasmic mitochondrial gene
mutation at position 3243 (85). In addition to diabetes and sensori-neural deafness, those affected
also have myopathy, pigmented retinopathy, cardiomyopathy, and focal glomerulosclerosis (86, 87).
Other mitochondrial defects may also result in diabetes (88). Some multisystem monogenic syndromes
have marked B-cell dysfunction. Wolfram's syndrome (WFS1 and WFS2) is an autosomal recessive
disorder characterized by severe insulin-deficient diabetes associated with optic atrophy, diabetes
insipidus, and neural deafness (DIDMOAD) (89).

A study published in 2017 showed that up to 6.5% of Norwegian autoantibody-negative children with
diabetes aged under 15 years have MODY, one-third of whom had not been recognized as such (90).
An Australian community-based study found 0.24% of participants with diabetes diagnosed under
the age of 35 years had MODY, with one in four being previously unrecognized (97).

Monogenic defects of insulin action

Monogenic causes of insulin resistance are less common than monogenic B-cell defects. They typically
present with features of insulin resistance in the absence of obesity, including hyperinsulinaemia,
acanthosis nigricans, polycystic ovarian disease and virilization (92). Diabetes only develops when
the B-cells fail to compensate for the insulin resistance (see Table 3).

Mutations in the insulin receptor result in a range of clinical presentations and degrees of hyperglycaemia
(93). Leprechaunism and Rabson-Mendenhall syndrome are two paediatric syndromes that have
mutations in the insulin receptor gene with extreme insulin resistance, dysmorphism, severe intra-
uterine retardation and early mortality (94). Milder mutations produce what is known as Type A insulin
resistance syndrome.

Insulin resistance is a feature of a group of disorders of lipid storage characterized by lipodystrophy
(94). Familial partial lipodystrophy is a dominant condition characterized by limb lipoatrophy in young
adult life, accompanied by hyperlipidaemia and insulin-resistant diabetes. Mutations in the LMNA
gene coding for nuclear lamin A/C are the commonest genetic risk factor (95). PPARG mutations
also result in a partial lipodystrophy which is usually associated with severe insulin resistance, early
onset T2DM and hypertension (96).

Diseases of the exocrine pancreas

Any process that diffusely damages the pancreas can cause diabetes. Acquired processes include
pancreatitis, trauma, infection, pancreatic cancer and pancreatectomy (97, 98). With the exception of
cancer, damage to the pancreas must be extensive for diabetes to occur. However, adenocarcinomas
that involve only a small portion of the pancreas have been associated with diabetes. This implies a
mechanism other than simple reduction in B-cell mass (99). In cystic fibrosis there is both exocrine
pancreatic failure and reduced insulin secretion resulting in diabetes, but the relationship between these
two defects is not clear (700). Fibrocalculous pancreatopathy may be accompanied by abdominal
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pain and pancreatic calcification on X-ray or ultrasound and ductal dilatation (707). Pancreatic fibrosis
and calcified stones in the exocrine ducts are found at autopsy.

Diabetes following pancreatic disease (incidence 2.59 per 100 000 person-years) has been reported
to be more common than T1DM (incidence 1.64 per 100 000 person-years). The majority of diabetes
following pancreatic disease is classified by clinicians as T2DM (87.8%) and uncommonly as diabetes
of the exocrine pancreas (2.7%). Proportions of people using insulin within 5 years of diagnosis were
4.1% for T2DM, 20.9% for diabetes following acute pancreatitis, and 45.8% for diabetes following
chronic pancreatic disease (702).

Endocrine disorders

Several hormones (e.g. growth hormone, cortisol, glucagon, epinephrine) antagonize insulin action.
Diseases associated with excess secretion of these hormones are also associated with diabetes (e.g.
acromegaly, Cushing’s syndrome, glucagonoma and phaeochromocytoma) (703). These forms of
hyperglycaemia typically resolve when the underlying condition causing hormone excess is successfully
treated. Somatostatinoma can cause diabetes, at least in part by inhibiting insulin secretion (704).
Hyperglycaemia generally resolves following successful removal of the tumour.

Table 4: Drugs or chemicals that can induce diabetes

Glucocorticoids

Thyroid hormone

Thiazides

Alpha-adrenergic agonists

Beta-adrenergic agonists

Dilantin

Pentamidine

Nicotinic acid

Pyrinuron

Interferon-alpha

Others
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Drug- or chemical-induced diabetes

Many drugs can impair insulin secretion or insulin action (see Table 4). These drugs may precipitate
diabetes in persons with insulin resistance or moderate B-cell dysfunction (705, 706). Certain toxins
such as pyrinuron (a rat poison) and pentamidine can permanently destroy pancreatic B-cells (107).
Such drug reactions are fortunately rare.

Infection-related diabetes

Particular viruses have been associated with 3-cell destruction and have been implicated in inducing
or triggering T1DM, but their role in its aetiology has remained uncertain. Diabetes occurs in some
people with congenital rubella (708). In addition, Coxsackie B and viruses such as cytomegalovirus,
adenovirus and mumps) have been implicated in inducing T1DM (709-1117).

Uncommon specific forms of immune-mediated diabetes

Some forms of diabetes that are associated with particular immunological diseases have a different
pathogenesis or aetiology to those that lead to T1DM. Hyperglycaemia of a severity sufficient to
fulfill the criteria for diabetes has been reported in rare instances in individuals who spontaneously
develop insulin autoantibodies (772). However, these individuals generally present with symptoms of
hypoglycaemia rather than hyperglycaemia. The “stiff man syndrome” is an autoimmune disorder of
the central nervous system, characterized by stiffness of the axial muscles with painful spasms (773,
114). Affected people usually have high titres of GAD65 autoantibodies and approximately half will
develop diabetes. People receiving interferon alpha have been reported to develop diabetes associated
with islet cell autoantibodies and, in certain instances, severe insulin deficiency (7175).

Insulin receptor autoantibodies can cause diabetes by binding to the insulin receptor, thereby reducing
the binding of insulin to target tissues (776). However, these autoantibodies can also act as an
insulin agonist after binding to the receptor and can thereby cause hypoglycaemia. Insulin receptor
autoantibodies are occasionally found in patients with systemic lupus erythematosus and other
autoimmune diseases (177). As in other states of extreme insulin resistance, people with insulin
receptor autoantibodies often have acanthosis nigricans. In the past, this syndrome was termed Type
B insulin resistance.

Other genetic syndromes sometimes associated with diabetes

Many genetic syndromes are accompanied by an increased incidence of diabetes (778). These include
the genetic syndromes associated with severe early-onset obesity, including Prader—Willi syndrome,
Alstrom syndrome and the many genetically defined subtypes of Bardet-Biedl syndrome. A second
grouping is the chromosomal abnormalities of Down's syndrome, Klinefelter's syndrome and Turner'’s
syndrome. A final group is that of the neurological disorders, particularly Friedreich's ataxia, Huntington's
chorea, and myotonic dystrophy (see Table 5).
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Table 5: Other genetic syndromes sometimes associated with diabetes

Down syndrome

Friedreich’s ataxia

Huntington's chorea

Klinefelter's syndrome

Lawrence-Moon-Biedel syndrome

Myotonic dystrophy

Porphyria

Prader-Willi syndrome

Turner's syndrome

Others

2.4.5. Unclassified diabetes

Subtyping diabetes has become increasingly complex and it is not always possible to classify all
newly diagnosed cases of diabetes as belonging to a specific category. Consequently, a category of
“unclassified diabetes” has been introduced. For most individuals given this label at diagnosis, it is a
temporary category as they can be classified into an appropriate type at some point after diagnosis.

The worldwide increase in the prevalence of obesity (179) has resulted in T2DM being diagnosed
in children and young adults and at the same time children and young adults with T1DM are more
commonly overweight or obese than in the past. In addition, ketosis or frank ketoacidosis are not
confined to T1DM. These issues make the classification of diabetes difficult, particularly at diagnosis.
While further investigation may help — including measurement of C-peptide and T1DM-associated
autoantibodies, and the monitoring of the course of endogenous insulin secretion with time — these
investigations are not widely available throughout the world. Until there is a definite diagnosis of the
type of diabetes, a classification of “unclassified” should be used and attempts to classify the type of
diabetes should continue to support appropriate management decisions.

2.4.6. Hyperglycaemia first detected during pregnancy

In 2013 WHO updated its 1999 definition and diagnostic criteria for hyperglycaemia first detected in
pregnancy. The new classification includes two categories of hyperglycaemia when first recognized
in pregnancy. One is diabetes mellitus, defined by the same criteria as in non-pregnant persons.
The other is gestational diabetes, defined by newly recommended glucose cut-off points that are
lower than those for diabetes (720). This classification of hyperglycaemia in pregnancy has not been
revisited for this document.
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3. Assigning diabetes type in clinical settings

The Expert group decided to focus on providing a practical clinical guide for clinicians faced with the
challenge of assigning a type of diabetes to individuals at the time of presentation with hyperglycaemia
to help choose an appropriate treatment, particularly whether insulin treatment should be started.
With the limited access in most countries throughout the world to laboratory investigations which
might assist with the classification of an individual, the Expert group opted for providing guidance on
identifying clinical subtypes, while recognizing the limitations of this approach.

Countries and centres able to test for genes, for islet autoimmunity and for endogenous insulin
production can use these to increase the accuracy of clinical subtyping of diabetes.

Steps in clinical subtyping an individual first diagnosed with diabetes:
1. Confirm diagnosis of diabetes in an asymptomatic individual

1. Exclude secondary causes of diabetes

1. Consider the following which may assist in differentiating subtypes:

» age at diagnosis

» family history

physical findings, especially presence of obesity
» presence of features of metabolic syndrome

¥

1. Note presence or absence of ketosis or ketoacidosis
1. Perform diagnostic tests if available (B-cell autoantibodies, C-peptide)

It may not be possible to definitively subtype an individual at the time of presentation and classification
may only become possible over time when, for example, the longer term insulin requirement to
manage glycaemia has been established. Consequently, the individual should be monitored and the
appropriateness of the assigned diabetes classification should be regularly reviewed, especially in
individuals without the classical features of diabetes subtypes.

3.1 Age at diagnosis as a guide to subtyping diabetes

The following presents the major diagnostic diabetes subtypes according to usual age at diagnosis.
The group with highest heterogeneity and risk of misclassification is that of young adults aged 20 to
40 years (9).
3.1.1. Age < 6 months
Types of diabetes:

» Monogenic neonatal diabetes — transient or permanent

» Type 1 diabetes — extremely rare

The majority presenting in this age group will have monogenic neonatal diabetes — either transient
or permanent. This can only be definitely diagnosed by genetic testing, but where this is not possible,
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careful assessment of the clinical course should establish either the transient nature of the diabetes or
that insulin therapy is not required. While mostly occurring before 6 months of age, neonatal diabetes
may present up to 12 months of age. T1DM is extremely rare in the first year of life (1217, 122).

3.1.2. Age 6 months to < 10 years
» Types of diabetes:

™

» Type 1 diabetes
» Monogenic neonatal diabetes — transient or permanent
» Type 2 diabetes — rare before puberty

™

T1DM is the most common type of diabetes in this age group. The diagnosis of T1DM is relatively
straightforward in normal-weight individuals who present with ketoacidosis aged 10 years or younger
and who are autoantibody-positive. Both T2DM (even if the individual is obese) and monogenic diabetes
(except for neonatal diabetes and GCK) are rare before puberty.

3.1.3. Age 10 to < 25 years

Types of diabetes:
» Type 1 diabetes
» Type 2 diabetes

» Monogenic diabetes

The relative proportions of different types of diabetes in this age group differ by ethnic group. T2DM with
onset in youth occurs most often during the second decade of life and there is usually a strong
family history of T2DM in first- and second-degree relatives. While all ethnic groups can be affected,
prevalence is much lower in populations of European descent. It is the predominant form of youth-
onset diabetes in some countries — 90% in Hong Kong, 60% in Japan and 50% in Taiwan. The presence
of obesity varies with ethnicity and is found in virtually all people with youth-onset T2DM in the USA
and Europe; by contrast, half of Asian children with T2DM have a normal weight. The presentation
of youth-onset T2DM can vary from asymptomatic hyperglycaemia detected through screening or
during routine physical examination, to ketoacidosis in up to 25% of patients (723) or hyperglycaemic
hyperosmolar state (724).

Features favouring a diagnosis of T2DM rather than T1DM at diagnosis include:

» Overweight or obesity

» Age above 10 years

» Strong family history of T2DM

» Acanthosis nigricans

» Undetectable islet autoantibodies (if measured)
» Elevated or normal C-peptide (if assessed)
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The peak age at diagnosis of people with monogenic diabetes is around 15-20 years of age (derived
from UK referrals data) (725) and this subtype of diabetes should be considered in this age group.

Clinical prediction models have been developed that can be used to discriminate between monogenic
diabetes and T1DM and T2DM in individuals diagnosed between the ages of 1 and 35 years (126).
The models are available online at www.diabetesgenes.org.

3.1.4. Age 25 to 50 years

Types of diabetes:
» Type 2 diabetes
» Slowly evolving immune-mediated diabetes

» Type 1 diabetes

Slowly evolving immune-mediated diabetes in adults usually presents after the age of 25 years and
mostly after the age of 35 years. It is found in around 10% of people presenting as T2DM in Europe,
North America, and Asia. Pancreatic autoantibodies (especially GAD autoantibodies) are a feature.
Subtypes of diabetes other than T2DM should be considered in adults who have a normal weight
and are without other metabolic syndrome features. These features are present in 33% of adults with
slowly evolving immune-mediated diabetes, compared to 83% in people with T2DM (9).

T1DM accounts for an estimated 5% of diabetes diagnosed between the ages of 31 and 60 years (29).
T1DM should be especially considered on clinical grounds in adults presenting with one or more of
the following: ketosis, rapid weight loss, age of onset below 50 years, BMI below 25kg/m2, or personal
and/or family history of autoimmune disease (7127).

3.1.5. Age > 50 years

Types of diabetes:

» Type 2 diabetes
» Slowly evolving immune-mediated diabetes in adults
» Type 1 diabetes

The same considerations apply in this age group as those that apply to individuals aged 20-50 years,
although T1DM presenting in this age group is less common (see section "Age 25 to < 50 years”).

3.2 Differential diagnosis of individuals presenting with ketosis or
ketoacidosis

Types of diabetes:
» Type 1 diabetes
» Ketosis-prone type 2 diabetes
» Type 2 diabetes with onset in youth

» Type 2 diabetes with onset in adults
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In people with diabetes diagnosis before the age of 20 years, diabetic ketoacidosis at the time of
diagnosis occurs in approximately 25% but varies within and across populations. The prevalence
decreases with age from 37% in children aged 0 to 4 years to 15% among those aged 15 to 19 years.
Diabetic ketoacidosis prevalence is significantly higher in people with T1DM (about 30%) compared
with T2DM (about 10%). However, higher proportions (nearly 20%) have been reported in young-onset
T2DM in the US (728).

The possibility of ketosis-prone type 2 diabetes should be considered in adults of all ethnicities (except
caucasian populations) who present with ketosis, but otherwise have most features of T2DM. However,
diagnosis can only be established over time (69, 70).

The increasing popularity of ketogenic diets may also influence the clinical presentation and should
be considered.

Various schemes have been proposed for classifying patients with ketosis-prone diabetes (729-
132). A comparison of these systems reported that the AB system (130) based on the presence of
autoimmunity (A +/-) or preserved B-cell function (B +/-) performed best with regard to accuracy and
value in predicting long-term insulin dependence and clinical phenotype (733). However, this scheme
is not widely used and requires assessments not generally available in most clinical care settings.

4. Future classification systems

Advances in understanding of the various aetio-pathological pathways and mechanisms leading to
hyperglycaemia and diabetes are needed in order to develop newer classification systems. While
classical T1DM and T2DM can usually be distinguished clinically, many people with diabetes present
with features that make it difficult to distinguish the two. Determining whether hybrid subtypes represent
distinct entities or are part of a continuous spectrum will also require new knowledge.

Aresearch imperative is to elucidate the aetio-pathological pathways to 3-cell destruction or diminished
function. Since this is a common feature of all diabetes, it is possible that future classification systems
will focus on this, provided distinctive pathways linked with unique clinical subtypes can be identified
that may be relevant to personalizing treatment. Biomarkers and imaging tools are needed to assess
B-cell mass and loss of functional mass and to monitor progression and response to therapeutic
interventions (72).

New algorithms, similar to those developed for identifying people who have monogenic diabetes and
who should be considered for genetic testing, are likely to assist in clinical decision-making. A recent
study reported five distinct subtypes of T2DM on the basis of clustering of clinical, blood-based,
and genetic information in newly diagnosed people with diabetes in Sweden (734). These subgroups
differed in disease progression and risk of diabetic complications. The subgroups included very insulin-
resistant patients with significantly higher risk of diabetic kidney disease, a subgroup of younger and
insulin-deficient patients with poorly controlled diabetes, and a large subgroup of elderly patients
with the most benign disease course. The results were replicated in three independent cohorts in
Sweden and Finland and this grouping may be relevant to more diverse populations but requires
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further studies. However, implementing such a classification system would be challenging in many
settings as the measurement of some of the variables used in defining the subgroups in the Swedish
context (autoantibodies, C-peptide, genetic typing) is not routinely done and is often not available in
most of the world.
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