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Studies of the natural history of type 2 diabetes have
transformed views on the nature of the condition in
the last two decades. The Belfast Study is one of the
earliest and most complete studies to observe the
change in blood glucose control during six years of
best possible management by dietary means.1 After
the rapid initial fall from presenting blood glucose
levels over 11mM, mean fasting blood glucose was
maintained around 8mM for only two years before
an inexorable rise occurred. By six years after
diagnosis mean plasma glucose was over 10mM.
This work is all the more impressive as no oral
agent therapy was used during the course of the
study, which truly observed natural history
modified only by consistent and expert dietary
advice. Calculated beta-cell function revealed a fall
from around 30% of normal function at diagnosis to
around 22% after six years.2 Immediately these data
raise questions as to: 

• how much loss of islet-cell function can be tolerated
without elevation of blood glucose levels;

• what was happening in the islets during and beyond
the phase leading up to diabetes; 

• whether these processes are modifiable; and

• whether the process really commenced at the time
suggested by extrapolating backwards the rate of
decline – around nine years before diagnosis.

Subsequently, the UK Prospective Diabetes Study
(UKPDS) confirmed that type 2 diabetes is a moving
target, requiring successive addition of oral hypo-
glycaemic agents and eventually insulin therapy.3

Extrapolation suggested a prodromal phase of islet-
cell decline of around 12 years. Minds became
concentrated on unravelling the mysteries of the
subclinical phase of type 2 diabetes in order to
understand the progressive nature of the condition.

H i s t o l o g i c a l  S t u d i e s

Most of the studies of cellular composition of the
pancreas in type 2 diabetes have demonstrated a

decreased beta-cell mass. Such studies are
complicated by post-mortem autolysis and lack of
full clinical details. These confounders were
minimised in a recent study from the Mayo clinic.4

This study observed a 63% decrease in beta-cell mass
in an obese type 2 diabetic group compared with an
obese non-diabetic group. Remarkably, they also
observed a 40% decrease in beta-cell mass in subjects
who had had impaired fasting glucose. Given that it
is established that a 50% pancreatectomy in humans
causes loss of normal glucose regulation,5 the degree
of beta-cell loss observed in post-mortem studies of
type 2 diabetes is sufficient to account for at least
some part of the hyperglycaemia. 

Beta-cell number will be determined by initial
attained number and the subsequent rate of turnover.
It is clear that a steady rate of neogenesis co-exists
with a steady rate of apoptosis.6 Butler and colleagues
observed that the frequency of beta-cell apoptosis was
increased 10-fold in lean and three-fold in obese cases
of type 2 diabetes compared with their respective
non-diabetic control group.4 This is important, as the
dynamic nature of this process may be susceptible to
therapeutic intervention. In this respect it is important
to note that fatty acid accumulation can increase rates
of apoptosis.7,8

Amyloid accumulation in the islet remains a
contentious matter. Butler observed amyloid
plaques in 81% of type 2 pancreas compared with
10% in non-diabetic pancreas. Despite intensive
work on the secretion of islet-associated
polypeptide, the pathogenic significance of amyloid
accumulation, and any potential for its
modification, is uncertain. 

Fewer studies have examined changes in alpha-cell
number in the pancreas of people with type 2
diabetes. A doubling of alpha-cell number has been
reported;9 a more recent study observed a ratio of
alpha- to beta-cell areas of 0.3 in non-diabetic
compared with 0.83 in type 2 diabetic pancreas.10

The published literature is less extensive than on
beta-cell number, but it appears that alpha-cell
number is increased in type 2 diabetes. 
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Ch a n g e  i n  B e t a - c e l l  F u n c t i o n

The earliest detectable change in beta-cell function
is loss of first-phase insulin secretion. Although this
is an artificial phenomenon relating to the
intravenous glucose tolerance test, it has a day to
day correlate in the normal brisk increase in insulin
secretion over the first 15 minutes or so after eating.
This is already blunted in impaired glucose
tolerance. Although hyperinsulinaemia has been
said to be the earliest abnormality in the
development of type 2 diabetes, it has to be
considered that this is merely the physiological
response to obesity and not strictly part of the
pathogenesis of diabetes. The main characteristic of
insulin secretion in type 2 diabetes is that it is
inadequate to control postprandial blood glucose
levels. As each individual goes through the process
of requiring ever higher doses of ever more oral
hypoglycaemic agents, and ultimately requiring
insulin, the apparent beta-cell defect worsens. 

The situation is complicated by the fact that the set-
point for insulin secretion can be acutely modified in
normal individuals. When glucose is infused to create
a small increase in blood glucose, a subsequent
glucose challenge will elicit a lower insulin
response.11 A similar phenomenon is observed when
hyperglycaemia in diabetes is controlled, for instance,
by short-term insulin treatment. For a period of days
insulin secretion and blood glucose control remain
reasonable once the treatment is withdrawn.
Interpretation of information on the level of beta-cell
competence at any one time must take into account
recent change in blood glucose itself. 

The inexorable decline in islet-cell function that
occurs in the later stages of type 2 diabetes is likely to
represent a summation of several adverse factors.
Chronic hyperglycaemia itself will blunt insulin
secretion. Triglyceride accumulation in the islets
induces enzyme changes similar to models of beta-
cell dysfunction.12 Both of these factors may
accelerate beta-cell apoptosis. Amyloid plaque
formation may further impair function. However,
there is little firm evidence on the pathophysiology
of end-stage type 2 diabetes. 

Ch a n g e  i n  A l p h a - c e l l  F u n c t i o n

Hyperglucagonaemia is typical of both type 2
diabetic subjects and their offspring.13 Furthermore,
it is present in impaired glucose tolerance at the
same time as the earliest detectable beta-cell deficit.14

After meals, plasma glucagon levels decrease in
normal subjects. However, in type 2 diabetes plasma
glucagon exhibits a paradoxical rise. The extent of
this abnormality is illustrated in Figure 1.15 When the

molar ratio of glucagon to insulin is plotted it is
found to parallel the time course of hepatic glucose
production (HGP) suppression and recovery,
although the continued high glucagon levels will
also inhibit hepatic glycogen synthesis.16

The effect of such hyperglucagonaemia was
investigated by mimicking the glucose and insulin
response to a glucose load while either maintaining
plasma glucagon levels or allowing the normal
suppression.17 This was achieved by somatostatin
suppression of both insulin and glucagon and
intravenous infusion of hormones and glucose in
appropriate patterns. Importantly, insulin infusions
were given to one group of subjects to mimic the
normal, rapid insulin response and to the other group
to mimic the slowly rising insulin response of type 2
diabetes. The results showed clearly that failure to
suppress glucagon in the presence of a subnormal
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Figure 1: Changes in Plasma Glucose, Insulin and

Glucagon after Eating a Mixed Meal in Groups of

Subjects with Diet-controlled Diabetes and Matched

Non-diabetic Subjects

The relatively sluggish rise in plasma insulin, together with the marked failure to

suppress plasma glucagon, combine to permit post-meal hyperglycaemia. 

Diabetic group = solid symbols, normal control group = open symbols. 



insulin response caused a 3mM difference in
achieved blood glucose. This was associated with
failure to suppress HGP. However, if the insulin
response was normal only a small difference in blood
glucose was observed. There can be no doubt about
the deleterious effect of high glucagon levels when
the insulin response is subnormal. 

I n t e r v e n i n g  i n  t h e  R a t e  o f  D e c l i n e  o f
I s l e t  F u n c t i o n  

Several studies have shown a major effect of exercise
on the prevention of progression of impaired glucose
tolerance (IGT) to type 2 diabetes. Although the
major immediate effect is on change in insulin
sensitivity, there must be an effect of preservation of
islet-cell function given its central role in the onset of
diabetes. The Da Qing six-year randomised study on
IGT subjects demonstrated that increased physical
exercise decreased the incidence of diabetes by 47%
(8.3 versus 15.7 per 100 patient years).18 The exercise
advised was aerobic and individually suited to each
subject. Randomisation was by clinic, raising the
possibility of a group reinforcing effect. The results
have been confirmed in two other large prospective
studies randomised on an individual basis. The
Diabetes Prevention Program (DPP) showed that
combined exercise (150 minutes of moderate
exercise per week) and dietary advice decreased the
incidence of diabetes from 11 to 4.8 per 100 patient
years.19 The Finnish Diabetes Prevention Study
(DPS) aimed to achieve 30 minutes of moderate to
vigorous exercise per day together with a low-fat diet
and reported a decrease in diabetes incidence from
6.8 to four per 100 patient years.20 These studies
provide dramatically clear evidence that increased
levels of physical activity will delay the development
of type 2 diabetes and this implies an effect upon the
natural history of change of islet function. 

It is noteworthy that studies of exercise therapy in
established type 2 diabetes have not yielded
consistent results. Most studies have combined
exercise with a programme of weight loss, and it is
likely that beneficial effects relate mainly to the
latter.21–24 Some aerobic exercise programmes have
failed to achieve a clinically significant change in
blood glucose control and those which have tend
to attribute the change to exercise rather than to
the evident weight loss. No relationship of
achieved exercise level to observed change in
glycosylated haemoglobin (HbA1c) has been noted
in some studies. Overall, there is little evidence
upon which to judge whether lifestyle
interventions will change the underlying natural
history of established type 2 diabetes, even though
improvements in ambient blood glucose control
are certainly possible by such means. 

Thiazolidinediones have been shown to slow the rate
of development of diabetes in high-risk women.
Hispanic women who developed gestational diabetes
were recruited to a study of troglitazone, an agent
now withdrawn. Whereas those taking placebo
developed diabetes at the expected rate (over 10%
per year), those on active treatment had stable beta-
cell function for five years.25 A recently reported
follow-up study has demonstrated that those women
who had received placebo and then received
pioglitazone in the second study showed a marked
slowing in the rate of development of diabetes. On
placebo a decline of beta-cell function of 33%
occurred over 4.6 years, whereas on pioglitazone for
three years there was a stabilisation of beta-cell
function and the rate of development of diabetes was
approximately 5% per year.26 These data require
confirmation in other patient groups, but suggest that
this class of drug does change the natural history of
islet function in the pre-diabetes phase. 

The new glucagon-like peptide 1 (GLP-1) agonists
may also protect the islet. Current information
indicates the existence of potential protective
mechanisms including decreased rate of beta-cell
apoptosis.27,28 Clinical studies are awaited to
determine whether such mechanisms can bring
about in vivo slowing of the rate of decline of islet
function and hence prevent the steady worsening of
diabetes control. 

Con c l u s i o n

Both decreased beta-cell number and increased
alpha-cell number are present at the time of
presentation of type 2 diabetes. These changes
correspond with decreased early insulin secretion
and failure to suppress glucagon secretion in
response to eating. The subsequent changes that
dictate the deterioration in blood glucose control are
not clear, but beta-cell apoptosis, perhaps speeded
by excess fatty acid supply, and amyloid plaque
formation may both be relevant. Increased physical
exercise and decreased weight can modify the rate of
decline in islet-cell function prior to the onset of
type 2 diabetes, but a genuine effect upon natural
history in established diabetes is not clear. Therapy
with thiazolidinediones can modify at least the pre-
diagnosis stage of islet-cell function, and further
information is awaited on the clinical effects of
GLP-1 agonists, which can change the rate of beta-
cell apoptosis.

When Elliot Joslin visited the Pima Indians at the end
of the 19th century, he commented that it was
remarkable that there was not one case of diabetes
among these people, who at the time were
subsistence farmers. The vulnerability of the islet to

3 E U R O P E A N  E N D O C R I N E  R E V I E W  2 0 0 6

Reference Section



The Ro le o f I s l e t - ce l l  Funct ion in the Onset and Progres s ion o f Type 2 Diabetes

the modifiable environment can be seen by
considering the current 40% incidence of type 2
diabetes in Pima Indians. The external factors include
lack of physical exertion and plentiful high-fat food.

Unlocking the secrets of how the micro-environment
of the islet brings about functional failure could lead
to effective prevention of islet-cell deterioration in
type 2 diabetes. ■
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