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DIABETES MELLITUS

Report of a WHO Study Group

A WHO Study Group on Diabetes Mellitus met in Geneva from
11 to 16 February 1985. Dr Lu Rushan, Assistant Director-General,
opened the meeting on behalf of the Director-General.

1. INTRODUCTION

Diabetes afflicts large numbers of people of all social conditions
throughout the world. The personal and public health problem of
diabetes, already of vast proportions, continues to grow despite of
exciting advances in the past few years in virtually every field of
diabetes research and in patient care (e.g., improved treatment,
protection against complications, increased self-care, and even
primary prevention of some forms of diabetes).

The main aims of the Study Group were: to review the advances
in the understanding of diabetes mellitus and its treatment; to seek
ways to use the increased scientific and technical knowledge of the
disease to benefit diabetics; and to update the second report of the
WHO Expert Committee on Diabetes Mellitus published in 1980 (1).

The underlying cause of diabetes is the defective production or
action of the hormone insulin. A major scientific advance has been
the identification and mapping of the gene in man that codes for the
production of insulin. The human insulin gene can be synthesized
in the laboratory; its insertion into a bacterial host by ingenious
techniques is now the basis of an entirely novel industrial process for
the manufacture of the hormone. The great majority of the world’s
insulin is still extracted from animal pancreas, but increasing
amounts, theoretically limitless, are now being produced by
biotechnology. Yet, despite this new source of supply, diabetics still
die for want of insulin in many countries of the world.

A major step towards the prevention of the insulin-dependent
form of diabetes is the ability to identify people who are genetically
susceptible to the disease. Such people appear to have defective
immunological mechanisms and, under the influence of some
environmental “trigger”, attack their own insulin-producing cells.
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With further research, it should be possible to prevent such attacks
or to control the self-damaging process before the disease is
irreversibly established.

It is misleading to think of diabetes as a single disease with a single
cause. Epidemiological, clinical, and laboratory investigations have
revealed evidence of several possible causal mechanisms. Recent
studies have highlighted contrasts in the disease between and even
within communities. This heterogeneity is illustrated in a section of
this report dealing with malnutrition-related diabetes.
Characteristically occurring in poor communities in tropical
developing countries, malnutrition-related diabetes affects large
numbers of young people;, causing chronic ill-health and early death.
Evidence suggests that this variant of diabetes is generated against
a background of protein malnutrition and triggered by dietary and
other pancreatic toxins. It should therefore be possible to prevent it.
In contrast, the “epidemic” of diabetes among the inhabitants of
some Pacific islands is strongly associated with altered life-style,
particularly changed nutritional patterns, widespread obesity, and
reduced physical activity. Prevention of this type of diabetes will
require the effective nutritional counselling of whole populations.

Prevention of diabetes still lies in the future and, until then, tens
of millions will continue to suffer from the disease. Every effort must
be made to cure as many as possible or, failing that, to alleviate the
associated disabilities and to. prevent premature death, so that the
diabetic can playa productive and fulfilling role in society. Priorities
in finding solutions to these problems depend upon -the level of
technical and economic development in different societies, but some
immediate action could be taken by all. A prime requirement is the
provision of the means of diagnosing the disease, closely linked with
the application of the knowledge and skills necessary for its
management and supervision. The development of simple methods
for measuring glucose and estimating glycated haemoglobin offers
new opportunities for diagnosis and control of the disease. Suitable
instruction on how to use new diagnostic methods can be integrated
into existing or evolving programmes of community disease control.
Such programmes should encourage the patient to play the central
role in diagnosis and control of the disease. However, these basic
services are unavailable to the great majority of diabetics. A group
of experts can propose strategies and schemes for diagnosis and care
but their implementation is a matter for national governments and
health agencies.
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The second report of the WHO Expert Committee on Diabetes
Mellitus (1) called attention to the need to improve the prospects for
diabetics as regards health and the quality of life, and recommended
how this could be achieved. Subsequently, in association-with the
International Diabetes Federation (IDF), WHO has sponsored a
growing range of activities, including international, regional, and
national educational courses, seminars, scientific meetings, and
workshops on the clinical, technological, epidemiological, and
public health aspects of diabetes. A network of WHO Collaborating
Centres in Diabetes Mellitus has been established covering many
aspects of diabetes, and future plans and priorities have been
formulated in a WHO/IDF Programme for diabetes,' elements of
which are included in this report. The Programme for diabetes is a
guide for action not only for WHO and IDF but also for regional,
national, and even local health authorities who wish to tackle the
enormous health problems of diabetes.

Globally, there are at least 30 million diabetics, the great majority
of whom lack even the rudiments of care. All of these could be
helped. Lives could be saved and chronic disability prevented. This
report aims to review current knowledge of the problems and to
define programmes of action that could be immediately undertaken
in a highly profitable commitment of human skills and resources.

2. DEFINITION, DIAGNOSIS, AND CLASSIFICATION

2.1 Definition of diabetes mellitus

In the untreated state, diabetes mellitus is recognized by chronic
elevation of the concentration of glucose in the blood
(hyperglycaemia). This is sometimes accompanied by symptoms of
severe thirst, profuse urination, weight loss, and stupor, culminating
in coma and death in the absence of effective treatment. More often,
presenting symptoms are much less severe without disturbance of
consciousness; occasionally symptoms are totally absent. The high
concentration of blood glucose and other biochemical abnormalities
result from deficient production or action of insulin, a hormone that
controls glucose, fat, and amino acid metabolism. Several processes

YWHO/IDF. Programme for diabetes. Unpublished WHO/IDF document
(1985); available from Division of Noncommunicable Diseases, World Health
Organization, 1211 Geneva 27, Switzerland.



can cause the diabetic state. The severity of its symptoms is largely
determined by the degree to which the insulin action is deficient (see
section 5). Characteristically, the diabetic has a long-term risk of
developing progressive disease of the retina and kidney, damage to
peripheral nerves, and aggravated atherosclerotic disease of the
heart, legs, and brain (see section §).

2.2 Diagnosis and diagnostic criteria

2.2.1 Clinical diagnosis

The clinical diagnosis of diabetes is often prompted by symptoms
such as increased thirst and urine volume, unexplained weight loss
and, in severe cases, drowsiness and coma; high levels of glycosuria
are usually present. A single blood glucose estimation in excess of
the diagnostic values indicated in Fig. 1 (black zone) establishes the
diagnosis in such cases, as it may also do when symptoms are trivial
or absent. Fig. 1 also defines levels of blood glucose below which a
diagnosis of diabetes is unlikely. Only if blood glucose values lie in
the uncertain range (i.e., between the levels that establish or exclude
diabetes) need an oral glucose tolerance test (OGTT) be considered
in order to establish diagnostic status (see Annexes 1 and 2). It is
often sufficient to measure the blood glucose values only after fasting
and at 2 hours after a 75 g oral glucose load.- The other values
measured in the full OGTT are not required to establish a diagnosis
but may serve to confirm it. Diagnostic interpretation of the OGTT
response is shown in Table 1. ‘ '

The clinician must always feel confident that the diagnosis of
diabetes is fully established since the consequences for the patient are
considerable and - lifelong. The requirements for diagnostic
confirmation for a patient presenting with severe symptoms and
gross hyperglycaemia will differ from those for the asymptomatic
patient with blood glucose values found to be just above the
diagnostic cut-off values. For the asymptomatic patient, at least one
additional test result with a value in the diabetic range is desirable,
either from a random sample or from the OGTT. If such samples
fail to confirm the diagnosis of diabetes mellitus it will usually be
advisable to maintain surveillance with periodic retesting until the
diagnostic situation becomes clear. In these circumstances the
clinician should take into consideration such additional factors as
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Fig. 1. Unstandardized (casual, random) blood glucose values*
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2Blood glucose values in the second report of the WHO Expert Committee on Diabetes
Mellitus (7) were rounded to the nearest mmol/litre. This decision was challenged on the
grounds that it created comparatively large differences between the Sl unit and the traditional
unit (mg/dl) which could introduce potentially serious biases in diagnostic categories. For this
reason, Si units have now been rounded to the nearest tenth of a mmol.

Table 1. Diagnostic values for the oral giucose tolerance test (see Annex 1)

Glucose_concentration, mmol/litre {mg/dl)

Whole biood Plasma
Venous Capillary Venous Capillary
Diabetes mellitus
Fasting value >6.7 >6.7 >7.8 >7.8
(=120) (=>120) (= 140) (> 140)
2 hrs after glucose load® >10.0 >11.1 >11.1 >12.2
(>180) (=>200) (= 200) (=200)
Impaired glucose tolerance
Fasting value <B.7 <8.7 <7.8 <7.8
(< 120) (<120) (< 140) (< 140)
2 hrs after glucose load® 6.7-10.0 7.8-11.1 7.8-11.1 8.9-12.2
(120-180) (140-200) (140-200) (160-220)

“See footnote to Fig. 1.

For epidemiological or population screening purposes the 2-hour value after 75 g oral glucose may be
used alone of with the fasting value. The fasting value alone is considered less reliable since true fasting
cannot be assured and spurious diagnosis of diabetes may more readily occur.
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family history, age, adiposity, and concomitant disorders before
deciding on a diagnostic or therapeutic course of action.

222 Epidemiological studies

For studies of the prevalence of glucose intolerance and diabetes,
individuals may be classified by their blood glucose concentration
measured after an overnight fast, then 2 hours after a 75 g oral
glucose load. Since the fasting state can rarely be assured, and
because of the strong correlation between fasting and 2-hour values
(2), epidemiological studies or diagnostic screening may be restricted
to the 2-hour values only (Table 1). Three recent studies showed that,
of those with fasting plasma glucose values > 7.8 mmol/litre, 97%
also exhibited 2-hour plasma glucose >11.1 mmol/litre (3, 4).!

2.2.3 Diagnosis of diabetes in children

Diabetes in-children usually presents with severe symptoms, very
high blood glucose levels, heavy glycosuria, and ketonuria. In most
children the diagnosis is confirmed without delay by blood glucose
measurements, and treatment (including insulin injection) is initiated
immediately (section 7), often as a live-saving measure. OGTT is
neither necessary nor appropriate.

A small proportion of children and adolescents however, present
with less severe symptoms and may require an OGTT for diagnosis.
The oral glucose load is related to body weight (Annex 1). In general,
the diagnestic criteria in children, as regards glycaemia, are the same
as those recommended for adults; the interpretation and
management of states of glucose intolerance short of diabetes
mellitus (DM) remain the subject of research. It is within this group
that early pre-diabetic processes may be detected and measures of
prevention stud1ed

224 Impalred glucose tolerance

The state of impaired glucose tolerance (IGT) is defined as a
glycaemic response to a standard glucose challenge intermediate

1 NATIONAL DIABETES DATA GROUP. Report of an Expert Committee on Diabetes.
Bethesda, National Institutes. of Health, 1985 (administrative document).
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between normal and diabetic and can therefore only be determined
by an OGTT. The defining limits at 2 hours after challenge are given
in Table 1; the fasting value must not be diagnostic for diabetes. For
epidemiological studies, the 2-hour value alone may be adequate for
diagnosis.

The definition of IGT in 1979-80 (I, 5) replaced terms such as
borderline diabetes, pre-diabetes, and chemical diabetes that had
been used to describe mild degrees of glucose intolerance; these
terms were considered unjustifiable in the light of the natural history
of IGT. At present, IGT is rarely diagnosed in the clinical setting,
perhaps because of its recent introduction as a glucose tolerance
class and lack of knowledge of its clinical significance. IGT is still
the subject of research to determine its mechanisms and prognostic
implications. Since certain individuals with IGT progress to
diabetes, some centres are developing risk-reduction programmes
for such people (section 6).

2.2.5 Gestational diabetes

The category of gestational diabetes should be applied only to
women in whom glucose intolerance is first detected during
pregnancy. Reclassification is necessary post partum.

The report of the second meeting of the WHO Expert Committee
on Diabetes Mellitus (I) recommended that the. diagnostic
procedures and criteria for pregnant women should be the same as
those proposed for all adults. It was also recommended that the
management of impaired glucose tolerance during pregnancy should
be the same as for diabetes. In this, the recommendation differed
from that of the National Diabetes Data Group (NDDG) in the
United States of America (5), which proposed that the procedures
and criteria of O’Sullivan (6) be continued, a recommendation
recently confirmed by an Expert Committee of the National
Diabetes Data Group.! ‘

A number of countries have already adopted the 1980 WHO
Expert Committee recommendations (/). Further international
standardization of diagnostic criteria for gestational diabetes can
form the basis for prospective studies of the health of mothers and
their infants. The use of the WHO Expert Committee criteria makes

1 See footnote on page 12.
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it possible to determine more specifically the effect of lesser degrees
of glucose intolerance upon maternal and child health.

There i1s no evidence, as yet, that glycated haemoglobin has any
special role in the detection of gestational diabetes.

2.2.6 Other diagnostic measufements and indices

The diagnostic definition of the diabetic state (and impaired
glucose tolerance) depends upon blood glucose measurement.
Certain “non-glycaemic” measurements and tests may be of value
in defining subclasses and, in epidemiological studies, in determining
the mechanisms and natural history of diabetes.

In the context of diagnosis and classification, such additional
indices fall into two groups.

1. Indices of the degree of beta-cell damage. These include
measurements of insulin, pro-insulin, and C-peptide secretion.
Values of glycated haemoglobin, the degree of glucosylation of other
proteins, and the actual degree of glucose 1ntolerance may also be
valuable.

2. Indices of the diabetogenic process. These currently include:
characterization of HLA types and subtypes; the presence, type, and
titre of circulating antibodies directed against the islets of the
pancreas and other endocrine cells; evidence of pancreas-directed
cell-mediated immunity; demonstration of specific DNA sequences
in the human genome; and demonstration of pancreatic or other
endocrine disease.

Several other variables qualify the diabetic state and define
subclasses of it, e.g., obesity, liability to ketosis, family history of the
disease, and age of onset, but these have all been subsumed by, or
appear explicitly in, the classification of diabetes mellitus and allied
categories of glucose intolerance on page 18. The list of additional
measurements and tests is not exhaustive and will undoubtedly
increase with time. Properly defined and ascertained, these indices
are valuable for identifying homogeneous subclasses of diabetes
(section 5). ‘

2.3 Screening

Screening for diabetes is routine wherever urine testing for
glucose is an integral part of the clinical examination of a patient.
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