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Abstract Type 1 and type 2 diabetes are usually regarded
as distinct disorders, but the convergence of their pheno-
types over recent years, the relationship of body weight to
the risk of type 1 diabetes, the diminishing importance of
the type 1 susceptibility genes and the finding of autoanti-
bodies in patients with type 2 diabetes, invite a different
interpretation. The possibility that type 1 and type 2
diabetes, rather than being different, are merely poles of a
single spectrum, where variation in the tempo of beta cell
loss determines age at onset and symptoms at presentation,
has important implications. Correct classification is crucial
because it directs appropriate treatment and, where avail-
able, prevention. This article argues that type 1 diabetes is
currently misclassified, provides evidence that insulin
resistance drives type 1 diabetes as it does type 2, and
proposes how the ‘accelerator hypothesis’ can be tested in a
randomised controlled trial, which could demonstrate, for
the first time, the safe and effective prevention of type 1
diabetes.
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Diabetes: two types

Diabetes used to be straightforward. There was a childhood
type that required insulin, and an adult type that did not.
Adult-onset diabetes seldom presented before the age of
50 years, and most died with it, rather than of it. Childhood
diabetes was readily distinguishable by its acute, ketoaci-
dotic presentation associated with weight loss. Furthermore,
insulin levels were high in adult diabetes—a feature of the
insulin resistance that was thought to cause it—but low or
absent in the childhood disease. The categorisation into two
types seemed further justified by three observations, made
more than 30 years ago, that applied to childhood, but not
to adult diabetes: lymphocytic infiltration of the islets [1],
association with immune response (HLA) genes [2], and
autoantibodies to islet-related proteins [3]. Childhood
diabetes became type 1 or autoimmune diabetes; adult
diabetes, type 2 or metabolic.

Diabetes: a continuum

But cracks soon began to appear in this simple duality.
Reports appeared in the late 1970s of adults diagnosed
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with type 2 diabetes who were nevertheless antibody-
positive [4]. Mankind is master at reconciling the appar-
ently irreconcilable, and coined the term type 1 1/2 diabetes
to circumvent the difficulty [5]. However, the presence of
antibodies in type 2 diabetes predicted future insulin
requirement. Some years later, the presence of antibodies
in adult diabetes, and the less reactive genotypes associated
with it, led to a new disorder of latent autoimmune diabetes
of adulthood (LADA) [6]. But the designation was more to
do with registers than with reality. Paediatric clinics tend to
keep diabetic registers, whereas adult clinics do not, and it
took whole-population studies to show that more than half of
type 1 diabetes presents over the age of 16 years [7]. The
designation of childhood diabetes as a separate entity was,
with hindsight, inappropriate, and the basis for LADA
arguably unfounded. It nevertheless remains true that those
who carry the most intensely reactive HLA genes (those that
encode the DR3/4 serotype) tend to present earliest (i.e. in
childhood) [8], and that type 1 diabetes later in life is, for the
same reason, usually genotypically different, less acute and
slower in onset. Type 1 and type 2 diabetes appear to form a
continuum, with considerable overlap in age at onset.

This continuum is shifting, and shifting rapidly. Type 2
diabetes, once the preserve of middle age, is now present-
ing in adolescence [9, 10], while type 1 diabetes is increas-
ing most rapidly in children under 5 years of age [11, 12].
Indeed, diabetes as a whole is now the fastest growing
chronic disorder in paediatric practice, and paediatricians
are reporting increasing difficulty in distinguishing between
the classic phenotypes of type 1 and type 2 [13]. Obese
children with acanthosis nigricans (pigmented thickening of
the flexures associated with insulin resistance) are present-
ing with islet-related autoantibodies [14], which were once
the diagnostic hallmark of type 1 diabetes. Over the past
30 years, age at onset has moved down the scale to render
diabetes an increasingly homogeneous syndrome of obesity,
hyperglycaemia, dyslipidaemia and autoantibodies in young
people. While the image of the cachectic, ketoacidotic and
precomatose child will remain, the reality is changing. A
recent report covering an entire population of children
presenting with type 1 diabetes between 1980 and 2003
showed a progressive rise in BMI at onset, the age-adjusted
mean of which began to exceed that of unaffected children
by the mid-1990s [15]. Meanwhile, the number of people
with type 2 diabetes requiring insulin is rising.

Insulin independence is not a diagnostic entity, but
merely a stage—however brief or extended—through
which all diabetic individuals pass on their way to insulin
requirement. The insulin-independent stage of type 1
diabetes may be difficult to detect in some children, but is
often revealed once the metabolic upset (infection or other
acute cause of insulin resistance that temporarily raised beta
cell demand beyond its reserve) has settled—the so-called

‘honeymoon period’ [16]. The stages of diabetes, whether
type 1 or type 2, are the same: prediabetes, insulin
independency and insulin dependency.

Implications for the classification of diabetes

The taxonomy we have adopted for diabetes no longer
serves us well, and the failure of a classification to stand the
test of time often means that the underlying mechanisms
upon which it was based were insecure. A thoughtful and
erudite Editorial in this journal recently charted the changes
in thinking that have led to present concerns on nomencla-
ture [17]. As the Editor explains, a classification may come
to embody outworn concepts that prevent us from seeking
or applying new information. Established classification may
thus perversely serve to discourage new thinking. The
current categories of diabetes include type 1a [18], type 1b
[19], type 1 1/2 [5], type 2, LADA [6], MODY 1–6 [20],
double diabetes [21], hybrid diabetes and latent autoim-
mune disease in youth (LADY) [22]. The MODYs are rare
single-gene disorders in which the molecular basis for
diabetes (impaired glucose sensing or release) has been
largely elucidated. Insulin resistance is well established as
the driver of type 2 diabetes but, despite 30 years of intensive
research based on the autoimmune paradigm, the cause of
type 1 diabetes remains unknown, the mechanism of beta cell
destruction is not understood, and there is no safe means of
preventing it.

Given the difficulty of fitting modern diabetes into its
traditional classification, there is arguably reason to review
the paradigms on which the classification was initially based.
Classification is important to epidemiology and treatment,
but classifications that merely grow in complexity as new
observations emerge are suspect. Reductionism, which
proposes that entities should not be multiplied more than is
necessary (Occam’s razor), is a rational alternative.

Incidence, age at onset and type of diabetes—the role
of tempo

The increase in incidence and the fall in age at onset of type
2 diabetes over the past generation has been dramatic and
widely documented. However, less attention has been paid
to the closely similar behaviour of type 1 diabetes over the
same interval of time. Type 1 is now two to three times
more common than it was a generation ago [12]. Whatever
its cause, diabetes is ultimately a disorder of beta cell
insufficiency, as loss of glucose control only occurs once
the beta cells are unable to supply sufficient insulin for the
body’s needs [23]. Loss of beta cell function progresses
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naturally over the course of a lifetime as a result of
programmed cell death (apoptosis), and blood sugar rises
slowly as a result. For most people, the beta cell reserve
with which they started life is sufficient to carry them
through without diabetes. For others, accelerated loss of
beta cells results in diabetes (Fig. 1). The issue for diabetes,
whether type 1 or type 2, is one of tempo and the factors
that influence it.

A generation is too short for the gene pool to change,
meaning that changing environmental exposure is likely to
have been responsible for the quickening tempo of diabetes.
A rise in tempo means earlier onset and higher incidence in
younger people. Given their parallel behaviour over recent
time, it would seem appropriate to ask whether the factor(s)
responsible for the rise in tempo might be the same for type
1 and type 2 diabetes.

People with type 1 and type 2 diabetes are often con-
ceived as two separate populations, whereas in reality they
both occupy the same obesogenic environment shared by
us all. The BMI of the average UK adult has risen from 23
to 26 kg/m2 over the past generation [24], equivalent to
around 9 kg of mostly extra fat, and there has been an even
bigger percentage increase in the BMI of children [25].
One consequence of weight gain is insulin resistance,
which demands more and more of the beta cell, and has
long since been thought to underlie type 2 diabetes. The
metabolic upregulation of beta cells also renders them
more antigenic [26], and the acccelerator hypothesis
proposes that, in such circumstances, those with reactive
HLA genes will mount the immune response that in the
past has been interpreted as ‘autoimmunity’, but is in
reality a response to increased antigenicity of the beta cell
driven by insulin resistance in genetically susceptible

people [27]. If the immune response to metabolic upregu-
lation accelerates beta cell apoptosis to an even greater
extent, those with the most immunoresponsive genes may
expect to accelerate the fastest and therefore present the
earliest. This is the classic picture of childhood diabetes or,
more accurately, diabetes in childhood.

HLA-determined susceptibility to type 1 diabetes has
been recognised for decades. The finding of a similar
association in type 2 diabetes [28], however, supports the
hypothesis that HLA susceptibility is not dichotomous but
continuous, modulating the tempo of beta cell loss across
the spectrum of diabetes. The central concept of the
‘accelerator hypothesis’ is one in which insulin resistance—
in its own right an accelerator of beta cell apoptosis—also
drives an immune response in consequence, whose intensity
is modulated by the HLA genotype. Insulin resistance and
HLA genotype are interactive in determining tempo. A
highly reactive HLA genotype (e.g. genes that determine the
HLA DR3/DR4 serotype) accelerates tempo with little
insulin resistance (beta cell upregulation) needed to drive
it, while a less reactive genotype needs more. The spectrum
linking the two is continuous, and the classic forms of type 1
and type 2 diabetes sit at opposite ends of it.

0 20 40 60 80

B
et

a 
ce

ll 
re

se
rv

e 
%

Diabetes

Time (years)

100

0

50

Fig. 1 The concept of tempo in diabetes. Diabetes occurs with a
critical loss of beta cell function. Accelerators modulate the tempo of
the loss. Most avoid diabetes during their lifetime (green line), but in
others the tempo is accelerated sufficiently to develop diabetes in
adulthood (orange line) or, in cases of rapid acceleration, childhood
(red line). The only difference between the three is one of tempo

Key evidence for the accelerator hypothesis 

 
• The rise in incidence of type 1 diabetes has been 

contemporaneous with the rise in childhood 
obesity.   

• 
 

Children who go on to develop type 1 diabetes are 
heavier as toddlers than their peers who do not 
(cause precedes effect—the rule of temporality).     

• In a population of children with type 1 diabetes, 
the fattest present youngest—evidence of true 
acceleration and, crucially, the only example of 
‘dose−response’ among the many candidate
triggers for type 1 diabetes.     

• The contribution of high susceptibility genes to the
development of type 1 diabetes has diminished 
over the past generation, consistent with a rising
contribution of environmental pressure.   

• In meta-analysis, body weight is the only factor 
that independently influences clinical remission in
type 1 diabetes.  

• In identical twins at genetic risk of type 1 diabetes, 
those who go on to develop disease have higher 
insulin resistance and lower beta cell reserve than
those who do not.   

• Among children at risk, those with the highest 
insulin resistance at baseline are those most likely 
to develop type 1 diabetes subsequently.  
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Evidence for the role of insulin resistance in type 1
diabetes

The suggestion that insulin resistance is the driver behind
type 1 as much as type 2 diabetes, and the source of an
immune response previously viewed as primary, is
challenging but supported by extensive evidence. Not
only has the rise in type 1 diabetes paralleled the rise in
obesity and that of type 2 diabetes, but children who go on
to develop type 1 diabetes are heavier (by implication,
more insulin resistant [29]) from an early age than their
peers who do not [9, 30–34]. Furthermore, and crucially,
five independent studies of children with type 1 diabetes
show an inverse relationship between BMI and age at
diagnosis [15, 35–38]. Fatter children present earlier—true
acceleration.

The probability of developing a multifactorial disease
such as type 1 diabetes involves the interaction between
genetic susceptibility and environmental risk. Both are
proportions. If the proportion of the probability attributable
to risk rises, the proportion attributable to susceptibility
must fall, and there is good evidence to indicate that the
HLA contribution to type 1 diabetes is falling [39, 40].
Correlation with rising obesity over the same period as a
fall in heritability makes insulin resistance a prime
candidate.

Diabetes: a singular disease

Perhaps the most striking change in diabetes over recent
years has been the convergence of previously distinctive
phenotypes. Children who appear clinically to have type 2
diabetes now turn out to have the humoral and cellular
responses to islet-related antigens that have traditionally
defined type 1 diabetes [14]. Again, convergence is
consistent with a hypothesis proposing that type 1 and type
2 diabetes are the same disorder of insulin resistance set
against different genetic backgrounds [27]. Progressive loss
of the difference in genetic (HLA) susceptibility between
type 1 and type 2 diabetes leaves ... the same disorder of
insulin resistance.

Witness to the impact of insulin resistance on contem-
porary type 1 diabetes are the higher doses of insulin now
needed to treat people with type 1 diabetes, reports that
body weight (insulin resistance) is the only factor to
independently influence remission [41], and the demonstra-
tion that those at risk who convert to type 1 disease over a
period of time (those, by implication, whose tempo is
faster) are more insulin resistant from the outset than those
who do not [42]. Monozygotic twin pairs from the British

Twin Study were prospectively tested for beta cell reserve
(first-phase insulin response [FPIR]) and for insulin
resistance (fasting insulin). The co-twins who became
diabetic over time had a lower FPIR but higher insulin
levels before onset than control subjects, whereas the co-
twins who did not become diabetic were no different from
control subjects [43].

Limitations and alternative interpretations

Few of the data presented measure insulin resistance and
body fat directly, depending instead on the homeostasis
model assessment for insulin resistance (HOMA-IR) and
BMI as surrogates. Although most resistance to insulin
stems from overweight, BMI is not a measure of insulin
action, nor strictly one of fatness. Furthermore, the secular
rise in BMI among children over the past generation has
arguably occurred alongside other lifestyle and environmen-
tal changes that have equal right to be considered among
possible risk ‘triggers’ for type 1 diabetes. Nevertheless,
BMI correlates with insulin resistance from early childhood
[44], and HOMA-IR is closely related to euglycaemic–
hyperinsulinaemic clamp data in children (r≥0.9) [45].
Most importantly, the inverse correlation noted earlier
between BMI and age at onset of type 1 diabetes makes
body mass unique among the many risk factors proposed
for type 1 diabetes. It means that the rising tempo of type 1
diabetes is not merely concurrent with rising body fat, but is
linked quantitatively to it in individuals.

It is not within the scope of this review to consider the
animal models of type 1 diabetes that are used to support
the autoimmunity hypothesis. An immense amount of
detailed information on the course of insulitis has been
learned from them, and models such as the non-obese
diabetic (NOD) mouse and BioBreeding (BB) rat suggest
that apparently spontaneous autoimmune reactions can
cause diabetes predictably in rodents. They cannot, how-
ever, be used to infer that what happens to inbred animals,
genetically mutated and confined to a germ-free environ-
ment, necessarily explains the process in outbred, free-
living man. Nevertheless, it may be relevant that many of
the non-HLA genes differentially regulated in the NOD
mouse appear to be more commonly associated with type 2
diabetes than with type 1 diabetes [46].

Refutation

How could the accelerator hypothesis be tested and, if
found wanting, refuted? The hypothesis is based on the
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notion that insulin resistance accelerates beta cell
apoptosis both directly and by provoking an immune
reaction among those who are genetically susceptible.
The logical approach is a randomised controlled trial
whose intervention seeks to reduce insulin resistance in
children at risk of type 1 diabetes. The experience of
the European Nicotinamide Diabetes Intervention Trials
(ENDIT) provides an important guide to risk stratifica-
tion and subject selection for such a trial [47]. The
primary outcome variable would be the rate of conversion
to diabetes over a specified period, a measure of tempo.
Failure to slow the tempo of conversion to type 1 diabetes
or other measures of beta cell loss, such as C-peptide or
stimulated insulin response, in the face of falling insulin
resistance (fasting insulin levels, HOMA-IR), would refute
the hypothesis that insulin resistance was responsible for
type 1 diabetes. Ability to slow the conversion, accompa-
nied by a fall in antibody titre to suggest diminished
intensity of the immune response, would be consistent
with the causal relationship proposed here between insulin
resistance and the immune reaction to it. Although
immunomodulatory therapy (predictably) slows the tempo
of beta cell loss [48], insulin re-sensitisation may be an
intervention higher upstream that is more physiological,
potentially less toxic, and considerably cheaper [49].

Conclusion

Hyperinsulinaemia resulting from insulin resistance
appears to precede all forms of diabetes except for the
single gene disorders of glucose sensing or insulin
release. Nature’s weight gain experiment—almost certain-
ly the largest ‘clinical trial’ of all time—has been
associated with an exponential rise in insulin resistance,
and in type 1 and type 2 diabetes [50]. Hypotheses need
mechanisms to guide the interventions used to test them.
The issues here are whether there is now sufficient
evidence to justify an intervention study and sufficient
benefit from the outcome. The hypothesis that type 1 and
type 2 diabetes are the same disorder has a mechanism to
explain it, but so far only circumstantial evidence to
support it. The perceived outcome—reclassification of
diabetes as a single entity—might strengthen resolve to
redirect resources towards the prediabetic state, where the
opportunity for prevention surely lies. A single disorder,
invoking a single approach to prevention, could have
considerable impact on the burgeoning problem of child-
hood diabetes.
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