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The beta cell lesion in type 2 diabetes: there
has to be a primary functional abnormality
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Abstract The critical role of the beta cell in the pathogen-
esis of type 2 diabetes is now well established. When
examined in patients with type 2 diabetes and individuals at
increased risk, reductions in beta cell mass and abnormalities
of beta cell function can both be demonstrated. The question
of whether one alone is sufficient or both are necessary for
the development of hyperglycaemia has been debated. Based
on human and animal studies, it appears that neither alone is
sufficient. Rather, for glucose to rise to the level at which
diabetes would be diagnosed, defects in beta cell mass and in
beta cell function are required.
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Introduction

Science frequently resembles a pendulum. We learn, we forget,
we relearn. Put another way, new tools frequently allow us to
rediscover principles that were already known, sometimes quite
well known. Type 2 diabetes represents the perfect example.

Consider the divide between insulin resistance and beta
cell dysfunction. These two factors are both critically
important in the pathogenesis of the hyperglycaemia of
type 2 diabetes. However, the focus on each is such that
one would never believe that both were critical players, but
rather the onset of diabetes was simply due to one or the
other. Certainly, only about 15 years ago, a visit to many
diabetes research centres or clinics in the USA would have
left you convinced that insulin resistance was the only
important player [1]. The beta cell and its maladies were
viewed as a late occurrence and of little import. Nowadays,
on both sides of the Atlantic and in most regions of the
world, the critical nature and early occurrence of beta cell
abnormalities is no longer in question [2]

When one digs a little deeper into the saga of the beta
cell, one discovers another debate. Is it mass or is it
function that is important? Does reduced mass explain
reduced function? Can an individual develop the disease
with one and not the other? Again there is an element of
polarisation. In this perspective we examine this issue in a
little more detail and come to the conclusion that no beta
cell biologist has to be wrong. Rather, the consensus should
be that both, and indeed several aetiologies may exist and
are critical in the demise of the beta cell in type 2 diabetes.

Is beta cell mass reduced in type 2 diabetes?

It has been known for more than a century that islets of
individuals with type 2 diabetes have morphological
abnormalities. In fact, in 1901 Opie published hand-drawn
colour images of haematoxylin and eosin staining clearly
demonstrating decreased cellularity and the presence of
hyaline material in the islets of Langerhans [3] (Fig. 1).
This was subsequently followed by papers from McLean
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and Ogilvie [4] as well as Klöppel et al. [5] demonstrating
that the volume of beta cells was reduced in type 2 diabetes
(Fig. 2a,b). Interestingly, alpha cell mass was not decreased,
resulting in a relative increase in the alpha:beta cell ratio
[4]. More recently, Butler et al [6] confirmed these findings
and extended them by showing that beta cell volume is

decreased in patients with impaired fasting glucose to a
degree intermediate between normal and diabetes (Fig. 2c).
The exact degree of beta cell reduction remains somewhat
unclear and possibly even controversial. Studies by a
number of investigators suggest that it is between 0% and
63% [5–11]; however, we believe that recent work by
Rahier and colleagues [12] represents the best assessment.
The reason for believing so is that this work includes
sampling in over 100 individuals from both the body and
tail of the pancreas, two regions which vary with respect to
how much of the islet is comprised of beta cells, with the
tail known to contain greater amounts. This comprehensive
study places the loss of beta cells at under 40%, occurring
similarly in islets in the body and tail of the pancreas [12]
(Fig. 3). Further, this reduction occurred similarly in patients
who were normal weight (BMI <25 kg/m2) or overweight/
obese (BMI 26–40 kg/m2) and was only 24% in patients who
had been diagnosed up to 5 years previously, compared with
54% in patients with disease duration in excess of 15 years.

If beta cell mass is reduced, can this be the sole
explanation for the development of hyperglycaemia in type
2 diabetes? To answer this, studies in humans and animals
can provide a better understanding. Hemi-pancreatectomy
in human donors fails to produce frank hyperglycaemia. In
first-degree relatives of the recipient, no significant change
in fasting glucose and a small change in intravenous

Fig. 1 Hand-drawn micrograph of an islet from a patient with type 2
diabetes. Staining was with haematoxylin and eosin. Cellularity of the islet
is decreased and it contains eosinophilic material, then termed hyalinosis
and nowadays known as amyloid. Reprinted with permission [3]
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Fig. 2 Relationship of obesity and glucose tolerance with islet beta
and alpha cell volume and mass based on autopsy assessments. a Beta
cell mass (dark blue) is reduced in patients with type 2 diabetes
(n=25) compared with controls (n=25), while alpha cell mass (pale
blue) is not different. Patients with type 1 diabetes and those with
amyloidosis were excluded. Data, mean±SE, are reproduced with
permission [4]. b Beta cell volume is increased in obese (pale pink)
(four controls, six type 2 diabetes) compared with normal weight (dark
pink) (seven controls, eight type 2 diabetes) patients. Diabetes is

associated with reduced beta cell volume in both obese and normal
weight patients. Data, mean±SD, from [5]. c Beta cell volume is
reduced in patients with type 2 diabetes (DM, pale green) (16 normal
weight, 41 obese) compared with those who do not have diabetes
(ND, dark green) (17 normal weight, 31 obese), regardless of whether
participants are normal weight or obese. Patients with impaired fasting
glucose (IFG, mid-green) (n=19 obese) have reduced beta cell volume
that is intermediate between no diabetes and diabetes. Data are mean ±
SE and reproduced with permission [6]
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glucose tolerance were observed [13], while in patients who
for medical reasons underwent a pancreatectomy of a
similar magnitude, glucose tolerance either improved or
deteriorated mildly [14]. The findings in these human
studies are supported by work in rodents, dogs and

monkeys. Studies in rodents, undertaken in large part by
the Boston group, have highlighted the need to remove
close to 90% of pancreatic tissue in healthy animals before
hyperglycaemia can be demonstrated [15]. Similarly, two
canine studies clearly showed that resection of 50% [16]
and 65% [17] of the pancreas did not result in diabetes. It is
possible that the lack of a significant increase in fasting
glucose in the studies of reduced beta cell mass produced
by resection of pancreatic tissue are due to the simultaneous
reduction of alpha cells, new beta cell formation or
functional adaptation of the remaining beta cells. However,
this has not been clearly demonstrated.

A 50% pancreatectomy in humans does not result in

diabetes or compensatory regeneration of beta cells

Surgical reduction of islet mass reduces both alpha and
beta cell number, and thus would be expected to reduce
glucagon and insulin release. Prospective human data on
this are rather limited, but the available information
suggests that while fasting levels of glucagon and insulin
are not different, the glucagon and insulin responses to
arginine are probably decreased [13]. Thus, the glucagon:
insulin ratio is not markedly altered, which is not the case
in two non-human primate models where predominantly
beta cells are lost. These two models of reduced beta cell
mass, one chemical [18] and the other secondary to islet
amyloid deposition [19], suggest that a reduction in the
number of glucagon-producing cells is unlikely to explain
lack of recurrence of hyperglycaemia. In the study where
beta cells were destroyed with streptozotocin, normogly-
caemia was maintained despite the fact that the number of
insulin-secreting cells was clearly diminished [18]. In the
other, an elevation in fasting glucose was only observed in
the presence of beta and alpha cell secretory dysfunction
and after islet amyloid deposition had reduced beta cell
mass by over 50% [19]. Evidently, one has to look beyond
changes in the number of alpha cells as the basis for the
rather mild impairments in glucose tolerance and fasting
glucose observed with simple beta cell mass reduction.

Could the lack of diabetes following beta cell mass
reduction be explained by new beta cell formation? While
caution is always necessary when extrapolating results from
rodent models to humans, this applies even more so when
considering the question above. That being said, some
similarities do exist. There is clear evidence that the
greatest turnover of beta cells occurs in the neonatal period
in rodents and a similar event occurs in humans [20]. With
obesity-associated insulin resistance, the volume of beta
cells is increased [5, 6, 12], which appears to be in part the
result of increased secretory demand on the beta cell.

Fig. 3 Differences in beta cell volume and mass in 52 individuals
without (white symbols and bars) and 57 with type 2 (T2) diabetes
(blue symbols and bars). a The volume of beta cells varies markedly
in non-diabetic and diabetic patients, with considerable overlap
between the two groups. Despite this variability, beta cell volume is
greater in the pancreatic tail than body in non-diabetic and diabetic
patients. In patients with diabetes, beta cell volume is reduced, both in
the pancreas body (by 25%) and tail (by 24%), compared with
individuals without diabetes. †p<0.005 for difference between diabetic
and non-diabetic for both organ sections; ‡p<0.0001 compared with
the pancreas body. b Beta cell mass, determined on basis of volume
density and pancreatic weight, is reduced by 35% in patients with type
2 diabetes (***p<0.001). Data are mean ± SD and reproduced with
permission [12]
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Pregnancy is also associated with insulin resistance and in
rodents beta cell expansion occurs, followed post-partum
by involution [21], a process also possibly occurring in
humans [22]. However, later in life such expansion is less
likely, as ageing is clearly associated with a decrease in the
beta cell’s ability to regenerate [23]. While in young rodents
regeneration of beta cells may occur by replication of
existing beta cells or neogenesis from exocrine ducts [24],
the evidence for this occurring in humans and even in non-
rodent animal models is minimal. In fact, a recent study
underscored the difficulty of using the human pancreas to
produce new beta cells [25]. In this work, examination of
tissue obtained at consecutive partial pancreatectomies showed
that the loss of beta cells did not result in compensatory
regeneration, as there were no differences in the fractional beta
cell area, the proportion of proliferating beta cells or numbers
of duct cells expressing insulin [25]. A similar observation has
been made in dogs following surgical reduction of beta cell
mass. Several months after that procedure, the pancreatic
remnant did not differ morphologically from the previously
resected pancreas, including the number and size of islets,
and the number of beta cells [16]. Thus, a compensatory
response involving new beta cell formation seems to be a less
likely mechanism for compensation of reduced beta cell
volume, both in non-rodent models of reduced beta cell mass
and in humans where beta cell mass is actually reduced.

Where does that leave us? A likely conclusion must be
that a simple reduction in beta cell mass, often greater than
that typically observed in humans with type 2 diabetes, fails
to result in a clinically meaningful increase in glucose
levels. From this it seems likely that when the beta cell is
normal, the maintenance of glucose homeostasis following

a reduction of beta cell mass is the consequence of an
adaptive increase in beta cell function. This possibility is
discussed in a subsequent section.

Is beta cell function reduced in type 2 diabetes?

Here again, the answer has been known for a substantial
period of time, namely that there is no doubt that beta cell
function is diminished. In fact, Yalow and Berson’s
development of the insulin radioimmunoassay half a century
ago provided the first clear evidence of a defect in beta cell
function [26] (Fig. 4). In that study, they showed that even
in individuals with ‘early maturity-onset diabetes’, there
was a defect in early insulin release following glucose
ingestion. It has since been shown that this early insulin
secretory defect following oral glucose is already well
established in individuals with impaired glucose tolerance
(IGT), irrespective of ethnicity [27, 28] (Fig. 5).

In humans with type 2 diabetes, first-phase insulin release

is absent when beta cell volume is reduced by only 

30–60%

While this early insulin response to oral glucose is reduced
in patients with diminished glucose tolerance and is further
decreased in those with type 2 diabetes, insulin is still released
(Figs 4, 5). In contrast, the acute insulin response following
intravenous glucose injection is completely lacking in type 2
diabetes [29]. In fact, it has clearly been shown to decline

Fig. 4 Plasma insulin concen-
trations before and following a
100 g glucose load in healthy
control individuals (a) and
patients known (b) to have early
maturity-onset type 2 diabetes
and those (c) in whom the
duration of the diabetes was
undetermined. The insulin
response at 30 min was clearly
diminished in individuals with
recent-onset of hyperglycaemia.
Reproduced with permission
[26]
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with increasing fasting plasma glucose levels, commencing
at a level of 5.0 mmol/l and frequently being absent when the
concentration is below the diagnostic cut-off point for
diabetes [30, 31] (Fig. 6). Thus, there is a clear dissimilarity
in the responses to oral and intravenous glucose, with these
distinctions demonstrating that the beta cell functional defect
differentially affects the pathways that couple stimulus and
secretion. Importantly, in contrast to the pathway responsible
for the rapid release of insulin following intravenous glucose
stimulation, coupling of signalling and secretion through path-
ways responsive to non-glucose secretagogues is not totally
absent, even at glucose concentrations well above 7.0 mmol/l,
the level that defines human type 2 diabetes [32]. Interestingly,
this is not simply a function of the in vivo situation, as
analogous observations have been made in vitro using donor
islets from healthy and type 2 diabetic individuals [33–35].
Thus perifusion or static incubation of islets from patients
with type 2 diabetes demonstrated total loss of the response
to glucose, with lesser reductions in the responses to potas-
sium, arginine, glibenclamide and glucagon-like peptide-1
(GLP-1). The impact of this secretory defect has also been
highlighted in studies in which transplantation of islets
isolated from healthy humans into diabetic immunodeficient
mice resulted in reversal of hyperglycaemia, while transplan-
tation of equivalent numbers of islets from type 2 diabetic
cadaveric donors did not [33]. However, a limitation of this
report is that while similar numbers of islets were transplanted,
the quantity of beta cells transplanted was not reported.

A number of abnormalities of continuous insulin release
have also been described in individuals with type 2 diabetes
and those at risk. The beta cell has an intrinsic pacemaker that
generates pulses of insulin release approximately every
15 min [36, 37]. These rapid pulses occur against a
background of slower, ultradian oscillations tightly coupled
to natural oscillations in plasma glucose that have a
periodicity of 80 to 150 min [38]. In type 2 diabetes and in
high-risk states, these secretory patterns are altered. Thus, in

individuals with a family history of type 2 diabetes, the rapid
pulses are lost [37], while in patients with type 2 diabetes or
IGT, the tight temporal oscillatory pattern between glucose
and insulin is disturbed with oscillatory changes in insulin
secretion lacking the normal periodicity [38]. Moreover, the
normal beta cell can be entrained to oscillate in concert with
exogenously produced glucose oscillations, with the ampli-
tude of these oscillations increasing in proportion to the
magnitude of change in plasma glucose [38]. In contrast,
beta cells in individuals with IGT and type 2 diabetes are
incapable of entraining and fail to increase insulin release
appropriately in response to changes in plasma glucose [38].

In addition to these secretory changes, the biosynthesis of
insulin has been shown to be abnormal in type 2 diabetes.
Insulin production involves its proteolytic processing from a
larger precursor proinsulin to the final products insulin and C-
peptide. This series of steps occurring within the beta cell is
not 100% efficient, so that exocytosis of secretory granule
content results in the release of small amounts of proinsulin
and partially processed intermediates, along with C-peptide
and insulin [39]. In type 2 diabetes, peptide processing is less
efficient, leading to release of a greater proportion of proinsu-
lin and resulting in disproportionate proinsulinaemia [39],
which has been shown to be a marker for the subsequent de-
velopment of diabetes in individuals at increased risk [40, 41].

Can these functional changes be simulated in individuals
without beta cell mass reduction and thus lend credence to the
concept that a simple functional lesion is all that is necessary
for the development of type 2 diabetes? Based on observations
with a number of different interventions, this seems unlikely.
When beta cell granule exocytosis is reduced by administration
of somatostatin, insulin release is clearly impaired, but at the
same time this inhibitory peptide is not beta cell-selective so

Fig. 5 Incremental early insulin response (insulinogenic index)
measured 30 min after glucose ingestion (ΔI30/ΔG30) in 240
participants with normal glucose tolerance (NGT), 191 with impaired
fasting glucose (IFG)/IGT and 100 with diabetes. As glucose tolerance
declined, beta cell function deteriorated. p<0.001 for all comparisons.
Reproduced with permission [27]

Fig. 6 Acute insulin response to intravenous glucose in participants
grouped on basis of fasting glucose levels (mg/dl) as shown. As fasting
glucose increases, the insulin response decreases. The response is absent
when fasting glucose exceeds 115 mg/dl (6.4 mmol/l). To convert mg/dl to
mmol/l, divide by 18. Reproduced with permission [30]
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glucagon release from the alpha cell is also diminished. The
result is only a relatively small rise in the fasting glucose
concentration, even when glucagon is replaced [42]. When
activity of the beta cell’s potassium channel is inhibited with
the anti-hypertensive diazoxide in order to impair glucose-
stimulated insulin secretion, the release of beta cell products is
impaired, but again only a relatively mild change in
glycaemia occurs [43]. Interestingly, while it is well recog-
nised that glucocorticoids induce insulin resistance [44], they
also have islet effects that result in a disproportionate increase
in proinsulin release and increased glucagon output as
observed in type 2 diabetes [45–48]; yet, in otherwise healthy
individuals they do not induce major reductions in glucose
tolerance. Finally, administration of catecholamines to mimic
increased alpha adrenergic activity as a mechanism underly-
ing beta cell dysfunction results in reduced insulin secretory
responses, but again does not produce the abnormalities
typically associated with the hyperglycaemia of type 2
diabetes [49]. Thus, it is not possible to intervene in humans
with one of these approaches and reproduce the severity of
the functional beta cell lesion of type 2 diabetes. However, it
is unclear whether simultaneous abnormalities, e.g. of
sympathetic tone and potassium channel activity, could result
in the development of frank hyperglycaemia.

Where does that then leave us? It is clear that the defect in
beta cell function in type 2 diabetes is global, occurring in the
form of: (1) reductions in insulin secretory responses to orally
ingested nutrients as well as to intravenous glucose and non-
glucose secretagogues; (2) dampened pulsatile insulin release;
and (3) impaired insulin biosynthesis. However, the magnitude
of the functional abnormality differs according to the measure
being examined. And as there is no easy way to chemically
reproduce the beta cell abnormalities of type 2 diabetes, the
lesion is likely, at a minimum, to be comprised of a number of
changes in cellular function.

Reduced beta cell mass or beta cell dysfunction—do
they beget each other?

It appears therefore that reductions in beta cell mass and
beta cell function are present in individuals with type 2
diabetes. The critical question is: does one follow, or
possibly even cause the other? As we cannot assess beta
cell mass non-invasively, information in humans is non-
existent and it is difficult to know exactly what happens in
the progression from normal glucose tolerance through IGT
to type 2 diabetes. Thus, we have no choice but to turn to
animal models or in vitro studies, both of which clearly
have limitations, to extrapolate findings to the human
disease process. Consideration of this important question
must also include additional aspects of many of the studies
discussed earlier.

First, let’s consider the possibility that simple reductions
in beta cell mass of the order observed in type 2 diabetes
beget beta cell dysfunction. The available evidence in
animal models suggests this simple mechanism is not likely
to be operative. A 50% surgical reduction of pancreatic
mass in dogs failed to produce changes in either fasting or
arginine-stimulated insulin levels, fasting glucagon concen-
trations, peak insulin response to intravenous glucose or
insulin sensitivity [16]. Given this lack of change, it is not
surprising that the animals did not develop hyperglycaemia.
This contrasts with type 2 diabetes and IGT, where reduced
insulin responses, excessive glucagon release and insulin
resistance exist to variable degrees [1, 2, 48]. To produce
hyperglycaemia in these dogs with a reduced number of
islets, it was necessary to infuse glucose continuously for
2 weeks to maintain the plasma glucose level above
13.9 mmol/l [16]. Similarly, in rats following a 60%
pancreatectomy, glycaemia was not altered 6 weeks after
surgery unless sucrose was introduced into the drinking

Islet function 

In type 2 diabetes After partial pancreatectomy 

Absent first-phase insulin response to glucose Zero or minimal change in first-phase insulin 
response to glucose 

Reduced insulin responses to non-glucose 
secretagogues 

Reduced insulin responses to non-glucose 
secretagogues 

Loss of periodicity of pulsatile insulin release Maintenance of periodicity of pulsatile insulin release 

Insulin release not entrainable Insulin release entrainable  

Inappropriately increased glucagon responses Reduced glucagon responses  

Results in hyperglycaemia Zero or minimal change in glycaemia  
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water for 3 weeks; even then the increase in non-fasting
glucose was still <1 mmol/l [50]. In Göttingen minipigs
treated with streptozotocin and nicotinamide, a model of
beta cell mass reduction in which alpha cells would not be
anticipated to be reduced, mild hyperglycaemia developed,
but derangements in the periodicity or entrainability of
insulin release could not be reproduced, with only a simple
reduction in the amplitude of the pulses being observed
[51]. These findings contrast with the derangements of
continuous insulin release observed in type 2 diabetic
patients and those at increased risk [37, 52]. Consequently,
as simple mass reduction does not seem to beget the func-
tional abnormalities, it must be concluded that beta cell mass
has been replenished and/or beta cell function improved.

The unlikelihood of beta cell mass replenishment occurring
is suggested by the fact that not even a period of transient
hyperglycaemia in the immediate days or weeks post-partial
pancreatectomy was observed, even when up to two thirds of
the pancreas had been removed [16, 17]. More importantly, as
discussed and in keeping with this observation, at 6 months
following removal of 50% of the pancreas the size and
number of islets as well as the number of beta cells were not
different from that in the portion of pancreas obtained at the
time of resection [16]. Interestingly, this observation in dogs
is consistent with the recent report of a lack of new beta cell
formation following 50% pancreatectomy in humans [25].
Thus, it would seem more likely that the normal beta cell
adapts functionally to the loss of a large proportion of its
fellow beta cells.

The innate capacity of the normal beta cell to prevent
development of hyperglycaemia by enhancing its own
function is suggested by studies in healthy animals that have
undergone a surgical reduction in islet mass. Following a 65%
pancreatectomy in dogs, which reduces beta cell mass to a
greater degree than that typically found in human type 2
diabetes, beta cell sensitivity to glucose was enhanced [17].
This adaptive change means that at physiological glucose
concentrations each beta cell releases insulin more efficient-
ly, thereby maintaining euglycaemia. Observations compat-
ible with such an enhancement of beta cell sensitivity to
glucose have also been made in rodent models of reduced
beta cell mass [53]. Thus, it would appear that a dysfunc-
tional beta cell might be unable to adapt to a reduction in
beta cell mass, resulting ultimately in the development of
hyperglycaemia.

More recent work using genetically modified rodents
strongly supports the notion that reduced beta cell mass
alone is insufficient and that beta cell dysfunction must pre-
exist, if mass reduction is to result in hyperglycaemia. In a
mouse lacking the critical transcription factor FoxM1,
proliferation of existing beta cells cannot occur; yet, despite
this inability to form new beta cells, a 60% pancreatectomy
does not result in changed glucose tolerance [54]. On the

other hand, a 70% pancreatectomy in GLP-1 receptor-null
mice, which fail to release insulin in response to GLP-1
[55], resulted in the development of marked hyperglycae-
mia [56]. Thus, we conclude that when the remaining beta
cells are functionally normal, a simple reduction in mass
alone does not produce beta cell dysfunction; however,
when the remaining beta cells are dysfunctional, the
additional insult of a reduction in beta cell mass results in
hyperglycaemia.

Could beta cell dysfunction be the basis for a reduction
in beta cell mass? Here again the inability to monitor
possible changes in beta cell mass in situ has required the
use of in vitro systems or animal models in which
pancreatic material is typically only accessible post mor-
tem. It is clear from in vitro work that elevations in glucose
and fatty acids, either alone or together, are associated with
the induction of beta cell dysfunction and the loss of beta
cells by apoptosis [57]. However, these changes are not
easily repeated in vivo.

Glucose-induced changes in beta cell morphology that
could be considered indicative of reduced beta cell mass
have been observed. In dogs, following 2 months of
sustained hyperglycaemia, which was only attainable after
2 weeks of continuous glucose administration on a
background of reduced beta cell mass, the number and size
of islets was found to be profoundly reduced, with marked
depletion of insulin stores [16]. In rats, by contrast, 96 h of
hyperglycaemia produced by continuous infusion of glu-
cose was associated with an increase in beta cell mass
through hypertrophy and replication, probably averting
further hyperglycaemia [58]. These findings contrast with
those in hyperglycaemic humans, in whom compensatory
generation of new beta cells did not occur [5, 6, 12]. While
these glucose-infused animal models are of interest, their
relevance as a primary mechanism to explain human type 2
diabetes is questionable, since the human condition does
not typically transition rapidly from normal glucose
tolerance through IGT to marked hyperglycaemia, but
instead progresses over years.

While classically thought of in terms of peptide
release, beta cell dysfunction could lead to beta cell loss
through a mechanism or mechanisms unrelated solely to
exocytosis. Insulin is not the only unique peptide
synthesised by the beta cell, for the cell also produces
and co-releases islet amyloid polypeptide (IAPP; or
amylin) in parallel with insulin [59]. Whereas the
physiology of IAPP is poorly understood, its association
with the loss of beta cell mass in type 2 diabetes is clearer.
Normally, this amyloidogenic peptide does not aggregate
to form amyloid fibrils, whereas in type 2 diabetes it does
so, a process during which beta cell death and mass loss
are likely to ensue [60]. It is not clear in human type 2
diabetes what beta cell environment is permissive for IAPP
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aggregation to occur, but it has been suggested that
impaired processing of the larger precursor proIAPP to
native IAPP may be an important contributor [61, 62].
Further work is needed to determine the basis for IAPP
aggregation and may throw light on whether this represents
an instance of beta cell dysfunction initiating the process of
beta cell loss.

The question, therefore, of whether reduced beta cell
mass could beget beta cell dysfunction or vice-versa is
complex. Of the two possibilities, the latter seems more
likely on the basis of current data. However, the evidence is
far from definitive and more work is clearly required.

So is the beta cell lesion of type 2 diabetes simply
‘decreased functional beta cell mass’ or is it ‘decreased
beta cell mass and function’?

The former and rather interesting description of the beta cell
lesion of type 2 diabetes has come about in recent years. Its
basis and meaning appear to us somewhat mysterious and
perhaps even misleading.

The meaning of the term ‘functional beta cell mass’ 
appears somewhat mysterious and even misleading

If one accepts the premise that beta cell mass is
decreased in type 2 diabetes, does this term then mean
that the reason hyperglycaemia develops is because
normally functioning beta cells have been lost and only
dysfunctional cells remain? Or alternatively, are the
changes simply a question of beta cell mass reduction
resulting in a critical reduction in the volume of normally
functioning beta cells? Or, on the other hand, could the
changes represent a loss of beta cells, which then leads

through ‘stress’ to the loss of beta cell function? Based on
the evidence we have presented, the answer is truly
unclear. The inadequacy of the term ‘decreased functional
beta cell mass’, moreover, is clearly underscored by the
fact that, in the presence of a sizeable number of beta cells
containing plenty of insulin, the first-phase response to intra-
venous glucose can be totally absent, whereas other responses
such as that to intravenous GLP-1 or oral glucose are still
present. We therefore feel the term is a misnomer and
consideration should be given to striking it from discussion.

What would we propose as a better descriptor? We
believe that the beta cell lesion of type 2 diabetes is
multifactorial. It is likely to be genetically determined and
influenced by the environment, both intra-uterine and
from birth throughout life. The genetic underpinning may
be twofold, with genetically determined reductions in
both beta cell secretory function and beta cell mass co-
existing (Fig. 7a). Alternatively, although in our view less
likely, the beta cell lesion may result from a genetic
susceptibility that simultaneously affects both mass and
function (Fig. 7b). Finally, we cannot rule out the
possibility that, against a background of a genetic
abnormality, a dysfunctional beta cell may lie upstream of
a mass lesion and that the coexistence of a ‘toxic’
environment could further elaborate this beta cell abnor-
mality, leading to the loss of beta cells (Fig. 7c). Therefore,
we feel that it is unwise to combine the processes of loss of
beta cell mass and loss of beta cell function into a single
entity. To us, they represent separate and yet critical
interdependent processes and should be seen that way.
We propose that as the complex beta cell lesion of type 2
diabetes is the result of ‘decreased beta cell mass and
function’, it should be considered and termed that way. An
understanding of the basis for the failure of these two
components holds part of the key to the pathogenesis of the
islet lesion of type 2 diabetes, and ultimately to better
approaches to its therapy.

Genes Genes

Environment

Decreased  

Genes GenesGenes

Environment

Environment

beta cell mass
Decreased

beta cell mass
Decreased

beta cell mass
Beta cell

dysfunction
Beta cell

dysfunction

Beta cell
dysfunction

a b c

Environment

Fig. 7 Possible pathways for development of the reduced beta cell
mass and beta cell dysfunction observed in type 2 diabetes. a Genetic
defects combined with environmental changes determine reductions in
beta cell function and mass. b A genetic defect in combination with
environmental changes simultaneously affects mass and function. c

The interaction of genetic susceptibility with environmental factors
results in beta cell dysfunction, which in turn leads to a loss of beta
cells. The effect of these combinations of changes is the development
of hyperglycaemia
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