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Diabetes mellitus is one of the most common
endocrine diseases in all populations and all age
groups. It is a syndrome of disturbed intermediary
metabolism caused by inadequate insulin secretion or
impaired insulin action, or both. Diabetes is crudely
grouped into the two types—insulin dependent
diabetes mellitus and non-insulin dependent diabetes
mellitus. Both types are associated with excessive mor-
bidity and mortality. Relative mortality in people with
insulin dependent diabetes is between 10 and 30
(equal to a 5-10 year reduction in life expectancy),
depending on the age at diagnosis, current age, the
duration of the disease, and the year of diagnosis.1

Although cohorts of patients with insulin dependent
diabetes diagnosed after 1955 may have a better prog-
nosis,1 2 this trend seems to be levelling off.3

Non-insulin dependent diabetes is associated with an
overall age adjusted mortality that is about twice that
of non-diabetic populations; life expectancy is
reduced by 5 to 10 years in middle aged patients
with this type of diabetes.4 There are no signs of a
reduction in mortality from non-insulin dependent
diabetes.

Diabetes has a serious economic impact. In 1992,
the estimated cost of diabetes in the United States was
between $85bn and $92bn, two thirds of which
resulted from lost productivity because of admission to
hospital and death.5 The worldwide prevalence of
diabetes is expected to more than double between
1994 and 2010, to 239 million people (fig 1).6 Tight
metabolic control, drug treatment of hypertension and
hyperlipidaemia, and efforts directed at changes in life-
style will therefore pose heavy financial burdens on
global healthcare systems. Urgent political and organi-
sational decisions need to be made now.

Methods
The references in this review were selected from
reports on the epidemiology, aetiology, pathogenesis,
and treatment of diabetes. Most were published in the
past five years. The overall aim was to underline the
increasing severity of diabetes worldwide. Being a clini-
cal specialist in diabetes and a diabetes immunologist, I
apologise for any selection bias resulting from this
approach.

Aetiology and pathogenesis
Insulin dependent diabetes
The aetiology and pathogenesis of insulin dependent
diabetes mellitus are not fully understood. Patients with
insulin dependent diabetes mellitus can be grouped
according to their presenting characteristics as well as
immune and genetic markers. Insulin dependent
diabetes in early childhood is characterised by abrupt
onset and by high frequencies of ketoacidosis and of
insulin and IA2 autoantibodies. It is associated with the
major histocompatibility complex heterozygosity, HLA
DR3/4. Insulin dependent diabetes in older children
and adolescents is associated with a high frequency of
islet cell cytoplasmic autoantibodies, glutamic acid
decarboxylase autoantibodies, and HLA DR3. Auto-
immune diabetes of late onset is often be accompanied
by typical immune markers. Whether these groupings
represent separate diseases or simply reflect the rapid-
ity with which â cell destruction takes place is unclear.
Some lean people with insulin dependent diabetes lack
the classic manifestations of autoimmune disease, and
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their diabetes may therefore have a different aetiology
and pathogenesis. â cell destruction in immune medi-
ated insulin dependent diabetes is caused by an
inflammatory reaction in the islets of Langerhans,
triggered by environmetal factors in genetically
susceptible individuals (box).7

Aetiology
Interesting contributions to our understanding of the
aetiology of insulin dependent diabetes mellitus have
recently been made. Although the incidence is highest
in schoolchildren and adolescents, it is now clear that
in its classic form insulin dependent diabetes may
develop at any age.8 Between 1960 and 1989, steady
temporary increases were reported in North America,
northern Europe, Japan, and New Zealand.9 Recent
disturbing data from Finland and the United Kingdom
show that the growing incidence is mainly explained by
an increase in the frequency of onset in children under
5 years.10 11 This finding points to changes in major
environmental aetiological factors early in life, such as
viral infections and nutritional factors.

Viral infections
Interestingly, mothers whose children became diabetic
before age 15 had increased titres of low avidity
antibody to enteroviruses such as the Coxsackie B
group (indicating recent viral infection) compared with
mothers whose children were not diabetic by age 15.12

Immune cross reactivity to similar sequences in the
Coxsackie B virus and the putative â cell autoantigen,

glutamic acid decarboxylase, has been found, suggest-
ing that molecular mimicry may be the underlying
mechanism.13

Nutritional factors
Early exposure to cows’ milk proteins is associated with
an increased risk of childhood diabetes; it shows an
odds ratio of 1.57 (95% confidence interval 1.19 to
2.07).14 Molecular mimicry between bovine serum
albumin and ICA 69, another putative â cell autoanti-
gen, has been suggested.15 However, use of bovine
serum albumin to induce tolerance in animal models
of spontaneous insulin dependent diabetes mellitus
failed to show protection against diabetes despite
tolerance to the bovine serum albumin.16 Intriguingly,
formula milks based on cows’ milk and on hydrolysed
casein contain bovine insulin. Children fed cows’ milk
formula had higher titres of IgG antibodies to bovine
insulin that cross reacted with human insulin, and the
presence of these autoantibodies correlated with the
presence of autoantibodies to human insulin.17 These
findings may explain the high incidence of insulin
autoantibodies in young children and raise the
possibility that sensitisation to bovine insulin could
prime immune system autoaggression towards â cells
in people who are genetically predisposed.17 Finally,
excess interuterine growth has been reported as an
independent risk factor for insulin dependent diabetes
mellitus, but the mechanism remains to be explained.18

Special problems in young children
The increased incidence of insulin dependent diabetes
mellitus in very young children is worrying. This is
because of the special problems of managing diabetes
in this group. These problems include more frequent
ketoacidois, severe hypoglycaemia, and more frequent
admission to hospital,19 20 together with the well known
correlation between early onset insulin dependent
diabetes mellitus and increased morbidity and
mortality from late diabetic complications.
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Model of pathogenesis of insulin dependent
diabetes

Environmental factors (such as viruses, chemicals, and
nutrition) trigger the process by causing restricted and
focal damage to â cells; this leads to the release of â
cell antigens that were either modified or have
previously been “hidden” from recognition by the
immune system. These antigens are taken up by
resident macrophages or dendritic cells, or both, or
later by antigen presenting cells recruited to the islets
in which focal â cell damage has taken place. After
processing and presentation of â cell antigen, and
provision of appropriate soluble and surface
membrane second signals, specifically reactive T
helper cells will be activated to transcribe cytokine
genes. The synthesised and released cytokines recruit
both antigen specific and non-specific mononuclear
cells to build up the insulitis infiltrate and activate
endothelial cells. Recruited macrophages are
stimulated by interferon ã to produce interleukin 1
and tumour necrosis factor á, which in synergy with
interferon ã lead to â cell destruction via the induction
of toxic nitric oxide radicals and pathways that activate
apoptosis (programmed cell death) specific to â cells.7
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Non-insulin dependent diabetes
This type of diabetes is caused by relative insulin defi-
ciency because of impaired insulin action combined
with the inability of the â cell to compensate for the
reduction in insulin sensitivity. Which of these effects is
the primary one remains unknown. Figure 2 shows a
model of the aetiology and pathogenesis of non-
insulin dependent diabetes mellitus.

Fetal malnutrition
Fetal malnutrition may contribute to the later develop-
ment of non-insulin dependent diabetes mellitus by
impairing early fetal growth and reducing the â cell
mass. This might limit â cell function in adult life and
hamper the ability of the â cell to compensate for insu-
lin resistance caused by obesity, pregnancy, or drugs
such as glucocorticoids.21 Support for this view has been
published recently. Low birth weight in adult first degree
relatives of patients with non-insulin dependent diabetes
was associated with impaired â cell function,22 and
monozygotic twins who became concordant for
non-insulin dependent diabetes after 60 years of follow
up were growth retarded at birth compared with
discordant twins.23 Furthermore, low birth weight has
been found to predispose to obesity and hypertension,
suggesting that intrauterine growth retardation is a risk
factor for several features of the so called metabolic syn-
dromes.24 These data show that increased focus on early
fetal growth and nutrition may prevent non-insulin
dependent diabetes mellitus in the coming generation.

Genetics of diabetes
Two different methodological approaches have recently
been taken to clarify the genetic bases of insulin
dependent and non-insulin dependent diabetes. The
random marker approach uses information from the
human genome project on the location of so called
chromosomal “tags” spread all over the human genome,
and the segregation of these tags with diabetes in geneti-
cally informative families. This method identifies
chromosomal regions that may contain genes predis-
posing to disease; subsequent analysis is necessary to
identify the structural genes of pathogenetic relevance.
A complementary method is the candidate gene
approach. Here genes encoding for proteins believed to
have a role in the pathogenesis of a disease (based on a
formulated pathogenetic model) are searched for varia-
tions associated with the disease in case-control studies
or linked to the disease in family studies, or both.

Insulin dependent diabetes mellitus
In insulin dependent diabetes mellitus the random
marker approach has identified 18 chromosomal
regions that show evidence of linkage to insulin
dependent diabetes mellitus.25 Formal linkage has been
shown only for the major histocompatibility complex
class II region, a variable number of tandem repeats 5′
to the insulin gene and the CTLA-4 gene, coding for
the ligand B7, an important accessory molecule for T
cell activation.

Studies comparing different racial groups have
shown evidence of appreciable genetic heterogeneity
between ethnic groups. Much work is needed before
the complex genetic susceptibility of insulin dependent
diabetes mellitus is understood and the functional role

of the products of these genes in pathogenesis is
clarified.26

Non-insulin dependent diabetes
More than 250 candidate genes have been tested for
association with or linkage to non-insulin dependent
diabetes mellitus, but none has shown consistent
results in different study populations.27 Most success for
the candidate gene approach has been provided in the
study of maturity onset diabetes in young people, an
autosomal dominant form of early onset non-insulin
dependent diabetes mellitus. Although maturity onset
diabetes in young people may seem to be a
homogeneous phenotype, four genetically and patho-
genetically distinct forms have recently been described.
The first form is caused by a mutation in the transcrip-
tion factor hepatic nuclear factor 4á,28 the second
results from different mutations in the glucokinase
gene affecting â cell glucose sensing,29 the third is
caused by mutations in the gene encoding for hepatic
nuclear factor 1á,30 and the fourth results from
mutation of the insulin promoter factor-1. The precise
role of the hepatic nuclear factor 4á and 1á mutations
is not known, but it is suspected that mutations in these
transcription factors affect the â cell response to
glucose.31

These genes account for a small percentage of
non-insulin dependent diabetes and underline the
genetic complexity behind apparently homogeneous
diabetic phenotypes. However, these discoveries may
lead to new drugs that modify the â cell response to
glucose, and to the development of pharmacological
principles for treating common non-insulin dependent
diabetes.

Linkage studies in non-insulin dependent diabetes
are hampered by a general lack of parents of patients
with diabetes of adult onset. Very large numbers of
affected sibling pairs are needed for linkage studies,
and this calls for international collaboration.
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The glucose hypothesis
Insulin dependent diabetes
For many years specialists in diabetes have quarrelled
about the importance of glycaemic control in prevent-
ing the late complications of diabetes. The diabetes
control and complications trial, which showed that
improved glycaemic control reduced microvascular
complications in insulin dependent diabetes mellitus,
ended the debate.32 Subsequent analyses showed that
there was no glycaemic threshold for the development
of microvascular complications (fig 3).33 34 Although
improved glycaemic control was associated with a two-
fold to threefold increase in severe hypoglycaemia,32 35

the finding that repeated hypoglycaemia did not affect
neuropsychological performance or lead to serious
accidents was reassuring.36

It is noteworthy, however, that the diabetes control
and complications trial excluded children aged less
than 13 and adults older than 39; patients with
advanced retinopathy, nephropathy, and neuropathy;
misusers of alcohol and drugs; patients with major
psychological disturbances such as psychoses and ab-
normal eating habits; and patients with epilepsy,
frequent ketoacidosis, and frequent hypoglycaemic
incidents. Furthermore, the study failed to show a
statistically significant reduction in macrovascular
events. The challenge now is to implement the
recommendation of the trial group—to intensify treat-
ment in as many patients as possible as early as possi-
ble and as safely as possible. The most difficult decision
for specialists in diabetes may be to know when they
should not recommend intensive treatment.

Non-insulin dependent diabetes
There are fewer studies on people with non-insulin
dependent diabetes. The Kumamoto study, which used
a similar design to the diabetes control and complica-
tions trial, but with far fewer patients, also showed that
improved metabolic control reduced microvascular
complications in Japanese patients with non-insulin
dependent diabetes mellitus.37 Studies designed to
detect differences in cardiovascular events in patients
with optimal glycaemic control are clearly needed.

Selecting treatment
Results from the United Kingdom prospective diabetes
study are awaited and will have a major impact in
selecting treatment for patients with non-insulin
dependent diabetes. Meanwhile, recent data point to
the advantage of using metformin in obese patients,
either alone or with insulin.38–41 In short term studies,
metformin was as effective as sulphonylurea or insulin,
or both, in improving glycaemic control, and seemed
to cause less weight gain when used alone or with insu-
lin. Whether reducing cardiovascular morbidity and
mortality will require intervention against risk factors
other than glycaemia (high blood pressure, raised lipid
concentrations, smoking) also remains to be deter-
mined. Finally, we still do not know whether early treat-
ment with angiotensin converting enzyme inhibition in
non-insulin dependent diabetic patients with micro-
albuminuria and normal blood pressure will not only
preserve kidney function but also improve the long
term prognosis.42

Conclusion
Urgent action is needed to plan for the demands that
patients with diabetes will place on healthcare systems
and the global economy. Resources will be needed to
manage the projected global explosion in the
prevalence of diabetes (particularly in developing
countries), the increase in early onset insulin
dependent diabetes mellitus, and the improved
treatment for preventing late complications of
diabetes.
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One hundred years ago
A Victorian polymath

On 19 March 1898 the BMJ published a report from
Dr C B Plowright, entitled “On the epidemic of enteric
fever at King’s Lynn, October 1897” (BMJ
1898;i:770-2). The whole epidemic “comprised well on
for 500 cases” of which 50 were analysed and formed
the basis of the report. The author was the local
medical officer of health; it seemed obvious to him that
the onset of the epidemic was triggered by a heavy rain
storm on 29 September when 2.25 inches fell in 24
hours. This permitted an examination of the
incubation period because 19 of the 50 cases were
notified during the last week in October. Only one
patient died but the morbidity was considerable and
the average time spent in bed was six weeks.
Convalescence was reported to be “very slow; many of
the cases were not able to resume their ordinary duties
for 10, 12 and even 15 weeks.” The clinical features
hardly merit emphasis nowadays, but “the special
characteristic of the outbreak was constipation,”
delirium was frequent, and the various sequelae
included periostitis of the tibia, orchitis ending in
suppuration, and one case of mania. The
contemporary importance of this paper was that it
persuaded the district council to install a new water
supply from the chalk hinterland.

The author was my great grandfather. He practised
from a house in King Street, formerly a medieval
merchant’s house leading down to the river, and now
an art gallery. His report to the council on the
temporal and geographical clustering of cancer deaths,
or on the sanitary conditions of the licensed houses of
the borough drawing attention to the link between
social deprivation and the prevalence of disease, would
not be out of place in the BMJ today.

His absorption in natural history provided a perfect
counterbalance for his busy professional life, as when
his diaries record the finding of new botanical species
at the height of the outbreak of enteric fever. Most of
his publications were concerned with the study of
fungi. His lectures to the Royal College of Surgeons on
ergot (BMJ 1892;i:500-1) and the action of fungi on

the human body (BMJ 1893;i:304) were delivered when
he was president of the British Mycological Society. His
wide ranging interests also included Neolithic man in
West Norfolk, and woad as a blue dye, both subjects of
presentations to the Norfolk Naturalists Society and
reprinted in their transactions (April 1881 and April
1900).

He was primarily a general practitioner, with
additional roles as medical officer, physician, surgeon,
and naturalist. In each role his diagnostic skills
depended on a “seeing eye” and an inquiring mind; his
writings demanded a descriptive and analytical talent;
he recognised that the discipline of communicating his
observations and thoughts to others enhanced his own
pleasure and understanding. His life shows that a
multiplicity of interests with cross fertilisation of ideas
is a recipe for long lasting intellectual vigour. Today’s
doctor is not so very different except that the balance
of our interest has shifted markedly towards our work.

Like other Victorian polymaths, his personal life
does not emerge in his writings, but he was both
purchaser and provider of health care services, and I
wonder how he managed. He was never rich, but when
he decided to retire he doubled his fees, which he sent
out at the end of each year. This had no effect on his
practice so the following year he doubled them again,
following which he was able to devote more time to his
hobbies.

M C Petch, consultant cardiologist, Cambridge

We welcome articles up to 600 words on topics such as
A memorable patient, A paper that changed my practice, My
most unfortunate mistake, or any other piece conveying
instruction, pathos, or humour. If possible the article
should be supplied on a disk. Permission is needed
from the patient or a relative if an identifiable patient is
referred to. We also welcome contributions for
“Endpieces,” consisting of quotations of up to 80 words
(but most are considerably shorter) from any source,
ancient or modern, which have appealed to the reader.
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