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As a discipline, diabetes epidemiology is relatively
young. The first significant gathering of researchers
interested in diabetes epidemiology took place just
in 1978 [1]. This landmark meeting, steered by the
late Kelly West, set the stage for the 1979 USA Na-
tional Diabetes Data Group (NDDG) [2] and subse-
quent 1980 World Health Organization (WHO) [3]
consultations which addressed the standardization of
classification and criteria for diabetes. In the relative-
ly short span of 2 decades, epidemiology studies have
had a profound impact on diabetes research, care and
prevention. This review highlights some of the key
contributions (Table 1).

Diabetes ± the enigmatic disorder

Diabetes has been known for many centuries [4]. Yet,
as we approach the next millennium, our knowledge
of the nature of diabetes is still incomplete. This has
very important implications for a rational approach
to basic and clinical research, management and pre-
vention, especially as Type II (non-insulin-depen-
dent) diabetes mellitus is epidemic in many develop-
ing and newly industrialized nations [5].

Some of the very important developments in diabe-
tology have emerged through epidemiology and they
may not have occurred without these studies. The ris-
ing prevalence and incidence of Type II diabetes has
stimulated research on the genetic, environmental,
behavioural, socio-economic and cultural factors con-
tributing to the epidemic. This highlights the sociolog-
ical aspects of epidemiology and public health [6].

It would be an oversimplification to attribute all
progress in diabetes research to the disciples of epide-
miology. The growth of studies on the epidemiology
and public health aspects was, however, necessary
for the field to move forward. These studies have
had a profound effect on influencing international
agencies like the WHO [6] and the World Bank [7],
and national governments such as those of the USA
[8] and Australia [9], to address diabetes as a serious
public health issue.

The explosion of interest and activity in the epide-
miology of diabetes over the last 2 decades has been
extraordinary. West provided a major stimulus to the
upsurge by undertaking the huge task of reviewing
over 2300 studies in his 1978 book ªEpidemiology of
Diabetes and its Vascular Lesionsº [10]. West, Ben-
nett, Keen and Jarrett were the driving forces behind
the WHO Multinational Study of Vascular Disease in
Diabetes [11], a world first. It was the first attempt at
an international multi-centre standardized diabetes
epidemiological study. This, along with the early stud-
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ies in Bedford [12] and on the Pima Indians [13] was a
major project that led the way in developing stan-
dardized protocols and methodologies for diabetes
researchers worldwide. The WHO study showed
that although arterial disease risk was consistently in-
creased in people with diabetes in all countries stud-
ied, it reflected the overall prevalence of atheroscle-
rosis in the background population [12]. Thus, even
in a low-prevalence nation such as Japan, a person
with diabetes had twice the risk of a non-diabetic per-
son even though this risk was still only a fraction of
that of a non-diabetic Europid person.

The global Type II diabetes epidemic ± its magnitude
and projections based on epidemiological studies

The extraordinary high prevalence of Type II diabe-
tes reported in the Pima Indians in the late 1970s
[13] and our own finding of high prevalence in the
Micronesian Nauruans in the Pacific in 1975 [14] and
then later in other Pacific and Asian island popula-
tions [15] highlighted the potential for a future global
epidemic. The predictions proved to be correct and
Type II diabetes has now reached epidemic propor-
tions in many developing nations and some of the
Middle East Arab states [16], as well as in disadvan-
taged minorities in the developed countries, e.g. Aus-
tralian Aboriginal and Torres Strait Islanders [17],
native, African Americans and Mexican Americans
[9] in the United States and migrant Asian Indians
[18] and Chinese [5, 16].

Over the next decade, the epidemic of Type II dia-
betes will continue to escalate [19]. Projections pub-
lished recently [19] suggest that there will be more
than 220 million people with diabetes by the year
2010 (Table 2). The majority of these will have Type
II diabetes. At least 100 million people today suffer
from Type II diabetes and by 2010, this will rise to
215 million. Many surveys have confirmed that in-
creasing urbanization and industrialization is associ-
ated with an increased prevalence of Type II diabetes
[18, 20]. Inevitably, diabetes and its complications will
emerge as one of the major threats to future public
health resources throughout the world [6, 7, 21].

The situation in the Indian Ocean nation of Mauri-
tius provides a microcosm of the potential for the
global diabetes epidemic. This nation, apart from
having a high diabetes prevalence with a notable sec-
ular increase between 1987 and 1992 in Asian Indians
and Creoles, showed the highest yet reported preva-
lence in Chinese [22]. This and evidence that preva-
lence of Type II diabetes doubled between 1984 and
1992 in Singaporean Chinese [23] and the high preva-
lence in Taiwan [24] provide alarming indicators of
the size of the future epidemic in the People's Repub-
lic of China. Here, the overall prevalence of Type II
diabetes was, until recently, less than 1% [25]. Recent
studies show a threefold increase in prevalence in cer-
tain areas of China within the last 2 decades [26, 27].
The scenario is highlighted in Fig.1 comparing the
prevalence of diabetes in Chinese populations in Chi-
na, Singapore, Taiwan and Mauritius. If China were
to experience just one half the current rate of diabe-
tes in Taiwan, the number of people with diabetes
would increase dramatically from 8 million in 1996
to over 32 million by 2010 [19].

A cardiovascular disease epidemic to follow

Type II diabetes in these populations is the ªtip of the
icebergº in a cluster of cardiovascular disease (CVD)
risk factors also described as ªThe New World Syn-
dromeº or metabolic syndrome [5, 18]. Very high
rates of obesity, Type II diabetes, hypertension and
CVD, coupled with cigarette smoking, alcohol abuse,
and the other effects and outcomes of nutritional-cal-
orific affluence, reviewed in detail elsewhere [5, 15,
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Table 1. The major developments in diabetes where epide-
miology studies have contributed as a trigger to diabetes re-
search

1. Providing improved understanding of the natural course of
both Type I and II diabetes.

2. Providing a clearer picture of classification of diabetes leading
to more rational genetic, clinical research and therapeutic ap-
proaches.

3. Charting the course and defining the magnitude of the Type II
diabetes epidemic and its socio-economic and cultural compo-
nents.

4. Improving diagnostic criteria for diabetes and hyperglycaemic
states through a clearer delineation of the natural course of
hyperglycaemia.

5. Identification of risk factors for Type II diabetes and its com-
plications in populations around the world leading to preven-
tion strategies.

6. Creating ability to predict future Type I diabetes and insulin
dependency.

7. Providing evidence of metabolic control matters in relation to
prevention of complications of diabetes.

8. Contributing to improved understanding of ªwhen the clock
starts ticking for cardiovascular disease in diabetesº.

9. Exploring the controversy about the ªthrifty genotypeº hypo-
thesis.

10. Describing the interrelation of hyperglycaemia, insulin resis-
tance and other CVD risk factors: the metabolic syndrome and
the putative contribution of leptin resistance.

Table 2. Current estimates and future projections for the num-
ber of incidents of Type I and II diabetes worldwide for the
years 1997±2010 [20]

Type of
diabetes

1997 2000 2010

Type I 3.5 million 4.3 million 5.3 million
Type II 199.2 million 147.2 million 212.9 million

Total 122.8 million 151.2 million 218.3 million



17, 18, 20], are just part of the modernization or
ªCoca-colonizationº process.

The constituents of the metabolic syndrome, in-
cluding Type II diabetes and its devastating macro-
vascular and micro-vascular complications, are im-
posing a high socio-economic cost and a public health
burden on secondary and tertiary health care services
in poor nations and in disadvantaged minorities in de-
veloped nations [8, 21]. It is usual to view Type II dia-
betes as a disease but, in fact, the problem that we at-
tack as a disease is actually a symptom of a much larg-
er global socio-economic problem [18, 21]. There-
fore, medically orientated strategies for prevention
of Type II diabetes such as diet, weight loss and exer-
cise or pharmacotherapy in isolation are likely to
have a minimum impact. Prevention activities need
to address social and cultural attitudes relating to be-
havioural change [6, 20]. Epidemiologists have a so-
cial responsibility to continue to highlight the magni-
tude of the epidemic and the demographic and other
risk determinants that may be amenable to modifica-
tion. It is, however, a battle against the rising tide of
global socio-economic forces (globalization) and re-
sources are urgently needed to research the socio-
economic, behavioural, nutritional and public health
issues.

Diabetes classification ± a non-stop evolution and
revolution

In the earlier part of the twentieth century, it ap-
peared that there were many people who could be
classified as having diabetes but who were generally

ªasymptomaticº. Over 60 years ago, Himsworth pro-
posed that there were at least two clinical types of di-
abetes, insulin-sensitive and insulin-insensitive, and
he suggested that the former was due to insulin defi-
ciency [28]. Whereas some diabetic patients needed
insulin to survive, it was clear that there was another
group who did not need insulin. Himsworth's obser-
vation was based on clinical observation alone. Fifty
years later, we know how true this is based on epide-
miological and intensive molecular biology research.
There are many potential defects that determine
this, particularly for Type II diabetes [5, 29, 30].

Rationale for an orderly classification. Targeted re-
search, treatment and prevention of both Type I (in-
sulin-dependent) and Type II (non-insulin-depen-
dent) diabetes mellitus depend on an appropriate,
contemporary classification. Furthermore, a hall-
mark in understanding the aetiology of a disease,
studying its natural history and investigating the ge-
netic contribution is the ability to identify and differ-
entiate the various forms [5, 6]. In the past, many clin-
ical and genetic studies in diabetes have been under-
taken with inadequate and inappropriate care in rela-
tion to classification [5].

The contemporary classification of diabetes and
other categories of glucose intolerance, based on sci-
entific research on this heterogeneous syndrome,
was developed 20 years ago by international work
groups, the NDDG [2] and the WHO Expert Com-
mittee on Diabetes [3]. In 1985, a WHO Study Group
proposed a revised classification which, although not
ideal, was accepted and adopted internationally [31].
Controversy was always present with that classifica-
tion [32]. It presented few problems in children but it
certainly was a challenge for researchers and clini-
cians in the diagnosis of diabetes in adults, particular-
ly in relation to insulin therapy [5, 33] and as the age
of onset of Type II diabetes is now seen several de-
cades earlier than in the past [34].
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Fig. 1. A comparison of the prevalence of Type II diabetes
among Chinese in various countries compared with the Peo-
ple's Republic of China



At the time, the 1985 WHO Study Group recog-
nized that the classification would require review in
the light of ongoing research as it was a compromise
between a clinical and an aetiological classification
[31]. That review has now taken place with the 1997
American Diabetes Association (ADA) [35] and the
very recent WHO [36] report. The new classification
is based on stages of glucose tolerance status with a
complimentary sub-classification according to aetio-
logical type. The concepts for this new two dimen-
sional classification (Table 3) were proposed by Ku-
zuya and Matsuda [37]. They sought to separate
clearly the criteria related to aetiology and those re-
lated to the degree of hyperglycaemia and insulin re-
quirement and to define each patient on the basis of
these two criteria.

The new World Health Organization and American
Diabetes Association classification. What are the
changes suggested by the ADA [42], that in the
main, are also recommended by the WHO [43]? The
new classification finds strength in that it is supported
by numerous epidemiological studies cited in these
reports. The classification by aetiological type results
from new knowledge of the causes of hyperglycaemia
including diabetes [29, 32]. The actual staging (Ta-
ble 3) reflects that any aetiological type of diabetes
can pass or progress through several clinical phases
(both asymptomatic and symptomatic) during its nat-
ural course and patients can move in either direction,
from stage to stage.

The newly proposed staging. Hyperglycaemia, re-
gardless of the underlying cause, is subcategorized
into:

1. Normoglycaemia.
2. Impaired glucose tolerance (IGT) and impaired
fasting glucose (IFG): IGT is now categorised as a
stage in the natural course of disordered carbohy-
drate metabolism. A stage designated IFG is now re-
cognised.
3. Insulin requiring for survival (former category
Type I diabetes).
4. Insulin requiring for control (those requiring insu-
lin for metabolic control rather than for survival) and
5. Not insulin requiring (may be treated by non-phar-
macological methods or drugs other than insulin).

The latter two categories correspond to what was for-
merly non-insulin-dependent diabetes mellitus (NID-
DM). Almost all subjects can be categorised accord-
ing to clinical stage although aetiological categoriza-
tion may not always be possible in some circumstan-
ces, e. g. where the measurement of autoantibodies
and other adjunctive tests such as C peptide are not
available.

Aetiological types. The aetiological types listed repre-
sent processes which may result in diabetes. Type I in-
dicates the process of beta-cell destruction that may
ultimately lead to diabetes in which ªinsulin is re-
quired for survivalº to prevent ketoacidosis, coma
and death. The Type I process is characterised by the
presence of autoantibodies to glutamic acid decar-
boxylase (GAD), islet cell (ICA), insulin (IAA) or
tyrosine phosphatase-2 (IA2) which identify the au-
toimmune process associated with beta-cell destruc-
tion [39]. In some cases, no evidence of antibodies is,
however, present and these are classified as ªType I
idiopathicº.
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Table 3. Disorders of glycaemia: the aetiological types and clinical stages as recommended by the American Diabetes Association
[42] and World Health Organization [43]

Stages/
Types

Normoglycaemia Hyperglycaemia

Normal glucose
tolerance

IGT and/or
IFG

Diabetes Mellitus

Not insulin
requiring

Insulin requiring
for control

Insulin requiring
for survival

Type I
· Autoimmune
· Idiopathic

Type II
· Predominantly insulin resistance
· Predominantly insulin secretory defects

Other specific types
· Genetic defects of beta-cell function
· Genetic defects of insulin action
· Diseases of exocrine pancreas
· Endocrinopathies
· Drug or chemical induced
· Others

Gestational
hyperglycaemia



Type II is the commonest form of diabetes and is
characterised by disorders of insulin resistance and
insulin secretion, either of which can be the predomi-
nant feature. Both are usually present at the time that
the diabetes is clinically manifest [38]. Patients, for-
merly categorized as having Type II diabetes in which
the defect is now known, e. g. in maturity-onset diabe-
tes in the young (MODY) [39], now appear under
ªother specific typesº. The other specific types are
less common but are those in which the underlying
defect or disease process can be identified in a rela-
tively specific manner, particularly those where a mo-
nogenic defect has been identified as in MODY [39].

The classification ± challenges for medical science and
society. Diabetes provides an excellent example of
how diagnosis based on relatively ªsoftº criteria, cer-
tainly still lacking the standards set for evidence-
based medicine, can have an important impact on
the individual and society. Here, epidemiologists
have a responsibility for health-care research to pro-
vide information leading to decisions that can affect
the every day life of the diabetic person, including so-
cietal, legal, employment and insurance aspects [21,
31]. The following section describes epidemiological
and clinical studies which have helped to unravel
classification issues as it pertains to Type I diabetes,
particularly in adults.

Anti-GAD studies ± classifying diabetes in adults.
Type I diabetes occurs at all ages [33, 40]. Some
44% of all new cases of Type I diabetes in Denmark
are diagnosed after 30 years of age [41]. The clinical
presentation can vary with age [35, 36] and it general-
ly has a typical clinical and biochemical presentation,
especially in children. Failure to treat immediately
with insulin can be life-threatening. In adults, Type I
diabetes can, however, masquerade as Type II diabe-
tes at presentation with a slow deterioration in meta-
bolic control and later progress to insulin-dependen-
cy [5, 40]. The classification of diabetes in adults
therefore poses a challenge and this issue has been re-
viewed in detail elsewhere [5, 33, 40]. Our interest in
this relates to the question of autoimmune diabetes
in adults that presents clinically as Type II diabetes
and the prediction of future insulin dependency. We
have designated this as latent autoimmune diabetes
in adults (LADA) [40]. In the new classification,
LADA falls within Type I autoimmune diabetes but
in a slowly progressive form [36]. The diagnosis of
LADA becomes even more of a challenge given that
the age of onset of Type II diabetes appears to have
moved several decades to younger age groups and is
not uncommon in the 25 to 35 year age group, partic-
ularly in high prevalence populations [34].

Our early studies using the anti-GAD assay to de-
scribe LADA were not population-based but clinic-
based [40, 42]. To have any credibility and applicabil-

ity, particularly for future prediction of Type I diabe-
tes or insulin dependency or both, estimates of
LADA prevalence required an epidemiological per-
spective. The opportunity for this came through the
cohort of the Finnish Women's Study [43] and with
the United Kingdom Prospective Diabetes Study
(UKPDS) cohort, a randomized clinical trial [44].
What did these studies show that helped with screen-
ing and clinical practice relating to the risk of future
Type I diabetes and the prediction of insulin depen-
dency in adults with diabetes?

In 1991, I became interested in the concept that a
practical assay for anti-GAD might have a useful
role in the discrimination of adult subjects where
there was doubt as to whether they had Type II diabe-
tes or a slow-onset Type I diabetes, now designated as
LADA. This latter form of diabetes had been de-
scribed previously and the presence of ICA positivity
shown [45, 46]. The lack of accessibility for most clini-
cians to the ICA immuno-fluorescent assay even in
developed countries, along with the technical difficul-
ties, made it, however, totally unsuitable for wide-
spread use for classification. We suggested that test-
ing for anti-GAD in adult-onset, particularly non-
obese, diabetic patients might eventually become
routine for predicting future insulin-dependency at a
much earlier stage for initiating more appropriate
therapy and that the test could assist in the correct
classification of diabetes [5, 42].

There was considerable resistance to this idea
from researchers in the ICA field as ICA was consid-
ered to be the ªgold standardº. The evidence has,
however, mounted from a host of studies that anti-
GAD has a clear role in diagnosing slow-onset Type
I diabetes in adults [40, 42, 43, 47±51] and, indeed, in
predicting future insulin dependency [33, 50±52].
Other workers have recommended, as we have [53],
that all women with gestational diabetes mellitus
(GDM) should have an anti-GAD test [54]. Only the
widespread lack of inexpensive commercial anti-
GAD assays has hindered the more general use in
clinical practice for classification of diabetes in adults
but this is likely to change as the assay becomes more
widely available.

We have tested the above recommendations in
several studies including the landmark United King-
dom Prospective Diabetes Study (UKPDS) of Type
II diabetes [52]. One of the most convincing argu-
ments for the importance of LADA comes from this
study. Islet cell antibodies and anti-GAD were mea-
sured at diagnosis in 3672 patients selected by family
physicians as having ªtypicalº Type II diabetes [52].
Of these patients, the overall proportion with ICA
was 5.8 % and anti-GAD 9.8%; 12 % of patients had
either ICA or anti-GAD and 3.9% had both (Ta-
ble 4). These subjects clearly have Type I diabetes or
LADA as judged by both phenotypic [52] and geno-
typic [55] features. The presence of autoantibodies
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correlated particularly with a younger age and phe-
notypic features consistent with Type I diabetes in-
cluding early age at diagnosis, lower body mass index
(BMI) and reduced beta-cell function (Table 5) [52].
Overall, of the proportion requiring insulin by
6 years, 38% were anti-GAD positive at baseline.
Only 5.3% of those not on insulin at 6 years were
anti-GAD positive at baseline (Table 5).

At all ages, the presence of autoantibodies con-
ferred an increased likelihood of decompensation to
insulin therapy [52]. Thus 94% of patients aged un-
der 35 years positive for ICA and 84% of those posi-
tive for anti-GAD at baseline required insulin thera-
py after 6 years compared with 14% of sero-negative
patients. In addition, a recent study in Sweden found
that autoimmune markers were present in 10% of in-
cident diabetes in people aged 40±75 years [51]. This
result is entirely consistent with the UKPDS anti-
GAD findings.

The Tasmanian Insulin-Treated Diabetes Register
consists of patients with Type I and Type II diabetes
receiving insulin [56]. We investigated the associa-
tion of anti-GAD positivity with early commence-
ment of insulin treatment in adult-onset diabetes to
ascertain whether this association is stronger than
other phenotypic characteristics often used for classi-
fication of diabetes [57]. In this cohort, 36% of males
and 39% of females were found to be positive for
anti-GAD. For males, factors associated with early
insulin treatment included anti-GAD positivity, a
family history of diabetes and a lower BMI at diag-
nosis [57]. For females, the factors associated with

early insulin treatment included anti-GAD positivity
and absence of obesity. Age at diagnosis was not as-
sociated with either male or female subjects. In mul-
ti-variate models, anti-GAD positive status was the
only variable associated with early insulin treatment
for both sexes. Scatter-plots of age at diagnosis by
time from diagnosis to insulin therapy initiation
showed anti-GAD negative subjects had a large de-
gree of variation in the period from diagnosis to insu-
lin treatment (Fig.2). Most anti-GAD positive sub-
jects commenced insulin treatment soon after diag-
nosis.

Perhaps the next important question was whether
measurement of IAA and antibodies to IA2 provided
any additional diagnostic or predictive value for Type
I diabetes. Both IAA [58] and anti-IA2 [59] have rel-
atively low prevalence in adults and appear to add
very little to diagnosis. Using the Finnish women co-
hort [42] to study presymptomatic auto-antibody
markers of Type I diabetes, we measured anti-GAD,
anti-IA2 and ICA and compared frequencies and lev-
els in 139 women from whom serum had been ar-
chived during antecedent pregnancies for 10 years
[60]. Of the 35 women sero-positive for one or more
autoantibodies, 77% developed Type I diabetes,
11% Type II diabetes, 9 % GDM requiring insulin
and 3% GDM-diet (Table 6). The frequency of anti-
bodies during the 10 year pre-diagnosis period is
shown in Table 6 and was 83% for anti-GAD, 52%
for anti-IA2 and 41 % for ICA for those women who
developed Type I diabetes, 25 %; 17% and 0%, re-
spectively for Type II diabetes; 12%, 4% and 8%, re-
spectively for GDM requiring insulin and 1%, 0%
and 1%, respectively for GDM-diet.

This study highlighted the long latency of sero-
positivity before overt Type I diabetes in women, the
predominance of anti-GAD among these three sero-
logical markers, and the presence of these markers
in women with Type II diabetes, possibly suggesting
that the latter were likely to have autoimmune insuli-
tis but this masqueraded as Type II diabetes in their
initial presentation.
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Table 4. Prevalence of antibodies to glutamic acid decarboxy-
lase (anti-GAD) and of ICA in 3672 newly diagnosed Type II
diabetic patients from the UKPDS (adapted from ref. 61)

Autoantibody No. %

ICA positivea 213 5.8
Anti-GAD positiveb 361 9.8
Both positive 141 3.9
a ICA positive: 5 Juvenile Diabetes Foundation units or more
b Anti-GAD positive: more than 20 units

Table 5. Mean characteristics of patients at diagnosis and outcome of therapy in 1870 patients who were not randomly assigned to
insulin from the UKPDS (adapted from ref. 61)

Characteristics of patient All
(n = 3672)

6 Year outcome p

Not Requiring Insulin
(n = 1633)

Requiring Insulin
(n = 237)

Age (years)a 52.6 53.6 48.5 < 0.0001
BMI (kg/m2)a 29.3 29.5 27.6 < 0.0001
beta-cell function (%b )b 36 41 26 < 0.0001
ICA positive (%) 5.8 % 48 (2.9 %) 62 (26.2%) < 0.0001
Anti-GAD positive (%) 9.8 % 87 (5.3 %) 90 (38%) < 0.0001
Both positive (%) 3.9 % 15 (0.9 %) 56 (23.6%) < 0.0001

Data are mean (SD)a, median (IQR)b or number (%) of patients
Beta-cell function was defined by the homeostasis model assessment (HOMA) model



ªPollutionº of genetic and clinical research studies
in diabetes

A major outcome of recent studies on anti-GAD and
other markers of autoimmunity, highlighting the poor
classification of diabetes in adults, is that many genet-
ic and clinical research studies, as well as pharmaceu-
tical trials of new oral hypoglycaemics and insulin for
treatment of Type II diabetes have been ªpollutedº
by subjects with LADA and MODY subjects [5, 33].
There are also equally important implications for the
correct classification of subjects for the trials of pre-
vention of Type II diabetes now underway [61]. It
should be mandatory to screen all participants with
anti-GAD and other autoantibodies in future Type
II diabetes studies. This applies particularly to genet-
ic studies as discussed below.

Diabetes classification and molecular biology. Molec-
ular genetic research directed at linking Type II dia-
betes susceptibility to putative gene/s has a vital role
in determining ªhigh riskº people, a group for target-
ed primary prevention activities [5]. A high priority

was a scientifically based classification of the diabetes
syndrome as the means for separating Type I and II
diabetes. A starting point for this is the classification
now proposed by the ADA [35] and WHO [36].
These reports are a testament as to how epidemiolog-
ical studies have aided diabetes research, care and
prevention.

Although it will require fine tuning in the future,
the new classification [35, 36] should bring a more ra-
tional approach to research by molecular biologists,
clinicians and public health workers alike. Apart
from the necessity to define diabetes correctly from
an epidemiological and therapeutic perspective, the
total success of the current thrust to define crucial
genes for both Type I and II diabetes depends on
this. It is not surprising that most geneticists still re-
gard diabetes as the ªgeneticists' nightmareº when
clinicians have been asking them to find the diabetes
gene/s while providing samples from poorly defined
groups. Until recently they have been given biologi-
cal samples and inadequate phenotypic data from pa-
tients who were said to be representative of either
Type I or Type II diabetes [5].

The search for the Type II diabetes gene/s is diffi-
cult enough without this additional handicap. The re-
cent important breakthroughs in the genetics of dia-
betes have come from studying very well-defined au-
tosomal dominant forms in extended families with
MODY [29, 30, 39] and not from the vast and clearly
heterogenous pool of people with Type II diabetes
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Fig. 2. Relation of age at diagnosis, BMI at diagnosis and anti-
GAD to time from diagnosis to start of insulin treatment for
men and women from the Tasmanian Insulin Treated Register
(anti-GAD > 20 is positive) (adapted from ref. 66)

Table 6. Women with a positive test for anti-GAD, anti-ICA512, and ICA during a 10-year presymptomatic period before the di-
agnosis of diabetes in a cohort of 139 Finnish women from whom multiple samples were assayed (adapted from ref. 69)

Group Number
Studied

Anti-GAD
%

Anti-ICA 512
%

ICA
%

One or more of 3
antoantibodies %

Type I diabetes
10-year period before diagnosis 29 83 52 41 90

Type II diabetes
10-year period before diagnosis 12 25 17 0 25

GDM-insulin
10-year period before diagnosis 26 12 4 8 12

GDM-diet
10-year period before diagnosis 72 1 0 1 1



with or without the other components of the metabo-
lic syndrome [38]. Recent years have seen some very
exciting developments in mapping the genes for
MODY [39]. This is a familial condition with autoso-
mal dominant inheritance and it has been shown that
the disorder is frequently linked to the glucokinase
gene on chromosome 7 [62] and to the region of the
adenosine deaminase gene on chromosome 20 [63].
In late 1996, Bell and his colleagues reported the
identification of a further two genes associated with
MODY. In a form known as the gene MODY 3, the
gene encodes for hepatocyte nuclear factor-1a [64].
In MODY 1, they found mutations in the hepatocyte
nuclear factor-4a gene on chromosome 20. This is
placed in the region of the adenosine deaminase
gene where their earlier studies [63] had found a link-
age. More recently, mutations in the insulin receptor
substrate (IRS) gene have been found to be associat-
ed with some MODY families [46].

Although MODY only accounts for about 1% of
all Type II diabetes, the implications for discovering
other genes for other forms of diabetes are both pro-
found and exciting. Yet, to find gene/s associated
with any complex disorder such as diabetes, the task
is more formidable. The failure to find a major puta-
tive gene for Type II diabetes despite the advanced
stage of the Human Genome Project [66] raises
many questions as to what is the most appropriate
strategy. Finding the gene/s has enormous implica-
tions not only for screening for high-risk people but
for targets for potential new therapeutic compounds.
Epidemiologists must continue to have a pivotal role
in helping to define the best cohorts for these genetic
studies.

New diagnostic criteria for glucose intolerance

International debate continues as how best to define
criteria for glucose intolerance [32, 67, 68]. The cur-
rent recommendations for its diagnosis are at best a
compromise agreed between authorities who have re-
viewed the epidemiological literature and its data
bases for a ªbest fitº situation. The changes in diag-
nostic criteria are discussed in detail in the ADA
[35] and WHO [36] reports. The recommendations
have been arrived at, in the main, on the basis of
cross-sectional and prospective epidemiological stud-
ies. The most substantive change is the lowering of
the fasting plasma glucose (FPG) concentration for
the diagnosis of diabetes from 7.8 mmol/l (140 mg/
dl) to 7.0 mmol/l (126 mg/dl). The new category of
IFG of 6.1 to 7.0 mmol/l (111 mg/dl to 126 mg/dl)
has been created. In addition, the ADA recommend-
ed virtual abolition of the oral glucose tolerance test
(OGTT) [35]. The WHO report [36] has not, howev-
er, gone so far as to agree with this latter recommen-
dation.

As diabetes can usually be diagnosed without an
OGTT, this test is not often used to diagnose diabetes
in a clinical setting. It has been mainly used for clini-
cal research and epidemiological studies. This is not,
however, the case for IGT as it requires an OGTT
for diagnosis [31]. Whereas in many settings, the lo-
gistics and costs of measuring glycated haemoglobin
are less than those of obtaining fasting blood or doing
an OGTT, the current disadvantage of glycated hae-
moglobin is the lack of standardization of methodolo-
gy as well as a universal reference standard for inter-
laboratory calibration [35]. In addition, there are few-
er evidence-based outcome data available than for
the OGTT. It is possible that these limitations will be
overcome [36].

Although several arguments exist for abolishing
the OGTT as a routine screening test for Type II dia-
betes [35, 67] and there is considerable retest variabil-
ity in the OGTT, a major argument for retaining it is
the identification of IGT subjects for trials of Type II
diabetes prevention and for screening and the diag-
nosis of GDM. In addition, the 2-hour plasma glucose
(2h-PG) value from the OGTT was in particular rec-
ommended by WHO for epidemiological studies to
overcome uncertainties about whether study subjects
were fasting or not [31].

The blood glucose concentration is a continuum,
and therefore the choice of a distinct cut-point will
always appear to be somewhat arbitrary and contro-
versial. The determination of diagnostic cut-points
which gave rise to the earlier NDDG [2] and
WHO [31] recommendations were based on studies
which showed bimodality of both fasting and 2h-
PG in the Pima Indians [69] and Nauruans [70]
(Fig.3). The diagnostic cut-point of 11.1 mmol/l
(200 mg/dl) for the 2h-PG concentration was origi-
nally adopted as the bimodality in Pima Indians
[69] and Nauruans [70]. It suggested that a plasma
glucose concentration of approximately 11.1 mmol/l
best represented the point separating the two com-
ponents of the frequency distribution. In addition,
when the prevalence of microvascular complica-
tions, i. e. retinopathy and proteinuria was plotted
against the 2h-PG value, it sharply increased at
about 11.1 mmol/l [71].

Using the WHO criteria [31] to define Type II dia-
betes, it became apparent that FPG and 2h-PG detect
different sectors of the hyperglycaemic state. This
was clear almost a decade ago from a study from 13
Pacific countries [70]. The WHO FPG criterion for
diabetes (7.8 mmol/l or 140 mg/dl) represents a great-
er degree of hyperglycaemia than the 2h-PG criterion
for diabetes (11.1 mmol/l or 200 mg/dl) (Fig.4), and
an FPG of 7 mmol/l (120 mg/dl) provided closer pari-
ty (Fig.5).

As discussed earlier, an important reason for con-
tinuing with the OGTT could be the identification of
subjects with IGT for trials of Type II diabetes pre-
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vention. A major problem in the United States seems
likely if the OGTT is dropped. The rationale for re-
taining it is to identify high-risk subjects, i. e. people
with IGT for trials of prevention and for identifying
people who should be treated if the trials on IGT are

positive. The potential efficacy of non-pharmacologic
and pharmacological measures for preventing Type II
diabetes has been given a high priority by the nation-
al institutes of health in the United States as they
funded the Diabetes Prevention Program 2 (DPP-2)
[59], a multi-centre IGT intervention. Substantial
outcome data exist worldwide for IGT in terms of
risk of future Type II diabetes but few for IFG. Nev-
ertheless, arguments remain for abolishing the
OGTT as a routine screening test for Type II diabetes
[35, 65].
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Finally, IFG has been introduced as a result of evi-
dence that an FPG below 7.0 mmol/l, the diagnostic
threshold for diabetes, may not be normal as it is as-
sociated with risk factors for both macrovascular dis-
ease and future diabetes. The Paris Prospective Study
reported that the risk of developing diabetes over
3 years was greater amongst middle-aged men with
an FPG greater than 6.1 mmol/l than for those with a
lower FPG [71]. Within the same cohort, it has also

been reported that CHD mortality is raised amongst
subjects with FPG 5.8 to 6.9 mmol/l [72]. Although
IFG may be analogous to IGT, it is not the same.
Fewer than 50% of people with IFG also have IGT,
with a substantial proportion having a 2h-PG in the
diabetic range [73±75] (but this would not be detected
if an OGTT is not done). Furthermore, IFG detects
fewer of the people who subsequently progress to di-
abetes than does IGT [76].

Screening for diabetes

Screening for Type II diabetes. Major ethical issues
arise as to whether there are sufficient reasons for
screening for diabetes given the state of play in pre-
vention of Type II diabetes [65, 76]. There has been
a protracted and controversial debate on this point
and it is summarized in detail elsewhere [65, 76, 77].
What is not disputed is that the chronic hyperglycae-
mia of diabetes is associated with long-term damage
and dysfunction of various organs, especially the reti-
na, kidney, nerves and cardiovascular system [35, 76,
77].

Type II diabetes places a huge burden on popula-
tions both in terms of suffering and costs [6, 7, 21,
79]. In addition, there is a worldwide rise in Type II
diabetes prevalence and this form of diabetes is a
prime target for prevention [5, 18]. Arguments for
screening for Type II diabetes also come from epide-
miological studies in Europids showing that approxi-
mately half of the people with Type II diabetes are
not aware of their condition and in Pacific and Asian
populations, often there are more than four unknown
incidences for each known one [15]. Hyperglycaemia
can be present for many years before the diagnosis is
made [80]. A review of a number of population-based
epidemiological studies of diabetic retinopathy has
shown that at diagnosis of Type II diabetes up to
20% of patients already have early diabetic retinopa-
thy, so microvascular changes precede overt symp-
toms in many patients [81]. In addition, many of these
subjects have other CVD risk factors [80]. Further-
more, subjects with IGT are at substantially higher
risk of developing Type II diabetes [20] and are
more likely to develop CVD [20, 82]. Thus, early de-
tection by screening could provide an opportunity to
reduce the progression of both microvascular and
macrovascular disease due to asymptomatic hyper-
glycaemia.

Epidemiological studies show that the degree of
hyperglycaemia and its duration are closely associat-
ed with microvascular (retinopathy and nephropa-
thy) and neuropathic complications of diabetes [6,
11, 15, 83±85]. Along with this, evidence that infants
born to diabetic women have an increased risk of fe-
tal malformation, prematurity, spontaneous abortion,
macrosomia and metabolic abnormalities adds fur-
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Fig. 5. Comparison of prevalence estimates for diabetes us-
ing a fasting plasma glucose cut-off of 7.8 mmol/l (140 mg/dl)
(- - · - -) with the prevalence defined by a 2-h post-glucose
load value of 11.1 mmol/l (200 mg/dl) (±±·±±) in 13 Pacific pop-
ulations (from ref. 82)

Fig. 4. Comparison of prevalence estimates for diabetes using
a fasting plasma glucose cut-off of 7 mmol/l (126 mg/dl)
(. . .*. . .) with the prevalence defined by a 2-h post-glucose
load value of 11.1 mmol/l (200 mg/dl) (Ð*Ð) in 13 Pacific
populations (from ref. 82)
Abbreviations for the populations: R-Raratonga; Ni-Niue; uK-
urban Kiribati; rK-rural Kiribati; ul-urban Fiji Indian; rl-rural
Fiji Indian; uM-urban Fiji Melanesian; rM-rural Fiji Melane-
sian; mNC-New Caledonian Melanesian; pNC ± New Caledo-
nian Polynesian; Na-Nauru; uWS-urban Western Samoa;
rWS-rural Western Samoa



ther support for early detection of diabetes to reduce
the risk of complications [86]. Although not a classic
epidemiological study, the case-control design of the
Diabetes Control and Complications Trial (DCCT)
[87] has had an enormous influence on recent trends
in diabetes management and is discussed later.

Screening for Type I diabetes. Prevention of Type I di-
abetes is an important contemporary topic with a
number of major studies, e.g. the Diabetes Preven-
tion Trial-1 (DPT-1) in the United States [88] and
the European Nicotinamide Diabetes Intervention
Trial (ENDIT) [89] currently in progress to test both
primary and post-primary interventions, respectively.
Current strategies include nicotinamide, cyclosporin
and other immunosuppressive agents although the
side effects of the latter two agents make them un-
suitable for routine use. More recently, there has
been great interest in inducing tolerance using oral
and parenteral insulin [88, 90] as well as oral GAD
which has been successful in preventing autoimmune
disease in non-obese diabetic (NOD) mice [91]. The
use of oral insulin is currently being explored in
DPT-1 [88]. As GAD65 can be produced in large
amounts through recombinant gene technology, it
should soon be possible to test whether treating hu-
mans with oral GAD can halt the autoimmune pro-
cess, and indeed, progression to overt clinical Type I
diabetes.

With the increasing availability of tests for ICA,
IAA, anti-GAD and anti-IA2, the tools exist to pre-
dict Type I diabetes with a reasonable degree of cer-
tainty [33 ,56±58, 92]. A major ethical issue arises as
Type I diabetes cannot currently be prevented in
high-risk subjects [93]. Is it reasonable to test for au-
toantibodies in at-risk subjects or, indeed, all school-
children? The current opinion is that such testing
should not be done routinely but only as part of a
carefully managed research programme where ap-
propriate counselling is available to the family parti-
cipants.

It may be a different scenario for LADA. This
slow-onset form of Type I diabetes can be identi-
fied using the anti-GAD assay as a high proportion
(70 to 80%) are likely to be positive [40, 50±52].
Their identification could lead to the earlier institu-
tion of insulin therapy, with preservation of residual
beta-cell function [94]. This, in turn, may permit
better metabolic control of diabetes, so possibly re-
ducing the risk of long-term microvascular compli-
cations of diabetes [94]. Therefore, in this situation,
use of the anti-GAD assay could be both health
and cost effective. Similarly, the identification of a
subgroup of patients with GDM who are positive
for anti-GAD has the same implications [53, 54].
These women would be the subset most likely to
develop Type I diabetes at a later time [54]. In ad-
dition, they are probably the group most likely to

require and benefit from insulin therapy during
pregnancy.

Since autoantibodies to GAD, insulin and IA2 oc-
cur in presymptomatic Type I diabetes with differen-
ces in frequencies according to age and sex [58±60,
92], their interpretation in terms of risk of develop-
ment of diabetes requires further study. Anti-GAD
is seen with highest frequency in older subjects
whereas the reverse is true for IAA and anti-IA2
[58, 92]. It is possible that the stimuli to autoimmunity
operate differently at various ages and according to
sex [58, 59]. The reported differences in HLA alleles
[95] and auto-antibody profiles in early-onset and
late-onset Type I diabetes could reflect HLA-depen-
dent differences in antigen presentation to T-cells at
different ages from infancy to adult life. This provides
a challenge to epidemiologists and other researchers
to further examine Type I diabetes for heterogeneity
in aetiology.

There is now a burst of intervention studies for
Type I diabetes and these have recently been re-
viewed [93]. Some are likely to lack the statistical
power for a meaningful outcome. Studies based
around a well-developed population-based cohort of
Type I diabetic subjects and relatives are much more
likely to be beneficial to scientific knowledge. Re-
searchers embarking on preventive studies have a re-
sponsibility to consult and plan them with epidemiol-
ogists and biostatisticians to ensure both representa-
tive and large enough samples to show statistical pre-
dictive power for the intervention.

Evidence that metabolic control matters

Numerous epidemiological studies have shown the
importance of indices of glycaemic control and the
duration of diabetes in determining the prevalence
and incidence of diabetic microvascular complica-
tions [10, 15, 85, 96]. Pirart's large prospective study
on diabetes and its complications in 4400 patients ob-
served between 1947 and 1973 suggested that meta-
bolic control mattered [97]. Subsequent epidemiolo-
gical data supported that concept but it required test-
ing in large scale clinical trials. The opportunity to do
this was provided by the Diabetes Control and Com-
plications Trial [87] and the Stockholm Study [98]
both of which showed that improved glycaemic con-
trol reduces the risk of microvascular complications
in Type I diabetes. These findings applied to patients
with Type I diabetes but large trials such as the
UKPDS [44] confirmed they could be extrapolated
to patients with Type II diabetes. The Kumamoto
study on intensive therapy for Type II diabetes [99]
produced similar results as the DCCT. It used a pro-
tocol almost identical to that of the DCCT and similar
benefits were noted with a 50 to 75% reduction in
complications. The recently published findings of the
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UKPDS [100, 101] now provide strong evidence to
recommend tight glycaemic control in Type II diabe-
tes. These results strongly suggest that the lesson
that metabolic control matters, as shown by the
DCCT and the Stockholm study, does have relevance
to Type II diabetes. Although neither the UKPDS
nor the DCCT could strictly be designated as classical
epidemiological studies, their magnitude, design and
high standards of investigation permit referencing
here as examples of the contribution from epidemiol-
ogy.

Type II diabetes and vascular disease

Two-thirds of Type II diabetic patients die from car-
diovascular disease [102]. The clustering of Type II
diabetes, a well-documented risk determinant for
CVD, with the other risk factors, including insulin re-
sistance, that constitute the metabolic syndrome is
now well established [103, 104]. This seems the most
likely explanation for this increased CVD mortality
in Type II diabetes. Alone, each component of the
cluster conveys increased CVD risk but, as a combi-
nation, their effect is cumulative.

Important and pivotal studies relevant to this
CVD risk were the randomized clinical trials of car-
diovascular interventions, the Scandinavian Simva-
statin Survival Study (4S) [105] and Cholesterol and
Current Events Trial (CARE) [106]. The use of sim-
vastatin in diabetic subjects with a previous CHD
event resulted in a 55% reduction in risk of future
CHD events compared with 33% in non-diabetic pa-
tients [105]. The evidence is now available for a far
more aggressive approach to treating dyslipidaemia
in diabetic patients with the chance to considerably
reduce CHD morbidity and mortality [105, 106]. The
results of the 4S and CARE studies have validated
the vast epidemiological endeavour to define modifi-
able risk determinants of CVD in people with diabe-
tes.

This new knowledge [105, 106], and the UKPDS
[101], provide an important lesson for all those re-
sponsible for the clinical management of people with
Type II diabetes. The message is now very clear that
management should focus not only on tight blood
glucose control but also on strategies for reduction
of the other important CVD risk factors such as hy-
pertension, dyslipidaemia and obesity. Furthermore,
epidemiological studies have shown that the presence
of microalbuminuria in patients with Type II diabetes
is a harbinger of high CVD risk and mortality [107]
and even if this is not an aetiological association, it
certainly is a powerful marker of risk.

The other features of the metabolic syndrome can
be present 5 to 8 years (Table 7) before diagnosis of
Type II diabetes. This is shown well in the epidemio-
logical studies in Mexican Americans [108], Rancho

Bernardo [109] and Mauritius [20, 110]. Thus, the
risk and the actual development of CVD may com-
mence many years before glucose intolerance mani-
fests. Haffner and his co-workers have posed the
very relevant question: ªDoes the clock for coronary
heart disease start ticking before the onset of clinical
diabetesº? [108] These data assume great importance
in relation to our understanding of the aetiology of
Type II diabetes, the associated CVD risk and the po-
tential to prevent CVD and its morbidity and mortal-
ity in people with glucose intolerance.

Therefore and paradoxically, the prevention of
clinical CVD in people with Type II diabetes should
commence well before their diabetes is diagnosed.
The diagnosis of the metabolic syndrome without
Type II diabetes provides a group at very high risk
of future Type II diabetes [110]. Aggressive early
management of the syndrome (focussing not only on
the pharmacological treatment of dyslipidaemia and
hypertension, but also on weight reduction, diet and
exercise) may have a considerable impact on both
the prevention of Type II diabetes and CVD mortal-
ity.

Hyperinsulinaemia, insulin resistance and the
metabolic syndrome ± or is it hyperleptinaemia?

In 1994, there was an immensely important discovery
in obese (ob/ob) mice that heralded a new era in obe-
sity research. It held out the promise for a new ave-
nue of therapy for obesity and for possibly related
disorders such as insulin resistance and Type II diabe-
tes. Quite unexpected was the report from Fried-
man's laboratory of the cloning of the mouse obese
(ob) gene and its human homologue [111]. Within
months it was reported that injections of the ob pro-
tein (leptin) expressed by the ob gene resulted in di-
minished food intake, increased energy expenditure
and sudden weight reduction in ob/ob mice [112]. Af-
ter 2 weeks of treatment, there was a considerable re-
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Table 7. Mauritius age-adjusted baseline cardiovascular dis-
ease (CVD) characteristics measured in 1987 in men with nor-
mal glucose tolerance developing Type II diabetes in 1992

CVD Risk factor
(baseline 1987)

1992 Status

Normal
glucose
tolerance

Converted
to diabetes

Body mass index (kg/m2) 22.4 24.3b

Waist : hip ratio 0.88 0.91b

Diastolic blood pressure (mm Hg) 78.3 82.0a

Fasting insulin (mU/l) 4.1 6.5b

2-h insulin (ng/ml) 20.2 35.6b

2-h plasma glucose (mmol/l) 5.2 6.3b

Fasting plasma triglycerides (mmol/l) 1.3 1.9b

a p < 0.05 b p < 0.001



duction of body fat and amelioration of hyperglycae-
mia and hyperinsulinaemia. The ob/ob mice are hy-
poleptinaemic [112] as opposed to the majority of
obese humans in whom leptin is high [113, 114]. Rare
instances of obesity in humans associated with hypo-
leptinaemia and a mutation of the ob gene have, how-
ever, been reported [115]. Leptin is now recognised as
having numerous metabolic effects [116].

Leptin and the thrifty gene. The discovery of leptin
[111] and its diverse role not only in appetite regula-
tion but also in reproduction [115] brings a new per-
spective to the debate about the ªthrifty genotypeº
hypothesis [117]. This hypothesis is applied to popu-
lations that appear to have genes that favour in-
creased fat storage in times of feast but produce obe-
sity, hyperinsulinaemia and Type II diabetes in the
transition to a modern life-style characterized by sed-
entary activity and relative overnutrition [20]. There
also may be reproductive advantages conveyed by
this genotype [118]. Leptin appears to have an impor-
tant role in the control of body mass, by regulating
appetite and energy expenditure, the adaptation to
starvation, and the initiation of puberty [115, 116].
Given the context of the thrifty gene, it is possible
that leptin may have had an important role in adapta-
tion to the feast and famine scenario [119].

Although it might appear to be outside the brief of
this review, some speculation on this issue seems war-
ranted as there is a clear need for more detailed epi-
demiological studies. The genetic basis for obesity in
ob/ob mice is an ob gene mutation [111]. This muta-
tion is extremely rare in humans [115] and obesity is
almost always associated with hyperleptinaemia
[114, 116]. The ob gene is overexpressed in adipose
tissue of most animal models of obesity and in obese
humans [116, 120]. Resistance to leptin, due to a mu-
tation/s of the leptin or leptin receptor gene or of lep-
tin signalling, could be the phenotypic expression of
Neel's thrifty gene [117, 119]. It is possible that the
development of leptin resistance is a survival advan-
tage for people exposed to a varying food supply.
When food is plentiful, large quantities could be con-
sumed to store the excess as fat for use in times of
famine. The ability to develop leptin resistance would
be a survival advantage by permitting consumption of
food without the usual homeostatic appetite-sup-
pressing leptin signal and thus allowing storage of ex-
cess energy as fat. In an environment of plentiful
food, the development of leptin resistance would re-
sult in hyperphagia, hyperinsulinaemia and obesity,
then Type II diabetes and other components of the
metabolic syndrome.

Obesity is epidemic in many developing popula-
tions, particularly the Pacific Islanders associated
with modernisation [121]. The above scenario is con-
sistent with the natural course of obesity and Type II
diabetes in Pacific islanders [15, 121] whereby a me-

tabolism suited to rapid weight gain through hyper-
leptinaemia, then hyperinsulinaemia and selective
tissue insulin resistance would have been a survival
factor.

Several other possible scenarios exist for the role
of leptin in both the pathogenesis of Type II diabetes
and insulin resistance. These require further atten-
tion in combined epidemiological and basic research.
Firstly, that a hypothalamic-mediated resistance to
leptin causes a rise in leptin and initiates hyperinsu-
linaemia/insulin resistance. Hyperinsulinaemia leads
to increased body fat, dyslipidaemia due to lipogene-
sis and selective insulin resistance in muscle. The in-
creased adipose mass produces more leptin but as a
result of down regulation or insensitivity of the hypo-
thalamic leptin receptor, feedback regulation of ap-
petite and energy balance break down. Hyperinsulin-
aemia is then sustained by unregulated and continued
feeding and the ªviciousº cycle of hyperinsulinaemia,
more fat and then more leptin and resistance to its ac-
tion is perpetuated.

Another possible scenario is that insulin resis-
tance may cause increased body fat, particularly cen-
trally. More leptin is secreted from the expanding ad-
ipose tissue, the leptin receptor downregulates and
appetite control is lost and a similar vicious cycle is
perpetuated. Our group and others have now report-
ed an association of hyperleptinaemia with obesity in
human epidemiological studies [113, 114, 119, 122].
Blood leptin concentrations are four to five times
higher in obese than non-obese people and there is
an inverse relation between leptin and insulin sensi-
tivity (Fig.6). These results suggest that obesity in
humans represents a state of leptin resistance [116,
119].
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Leptin and insulin resistance. Another major issue for
debate and of controversy in the last decade has been
the relation between insulin resistance and other
CVD risk factors, including glucose intolerance [5].
Hyperinsulinaemia has been found to predict both
Type II diabetes and coronary artery disease in a
number of epidemiological studies [20, 84, 110, 123].
It has been suggested that insulin resistance or hyper-
insulinaemia or both may be the common aetiological
factor/s for the components of the metabolic syn-
drome, although there appears to be considerable
heterogeneity in this relation between populations
[5, 124].

More recently, we suggested that hyperleptina-
emia rather than hyperinsulinaemia may be the mis-
sing link in the metabolic syndrome [119]. Hyperlep-
tinaemia has been found to be associated with insulin
resistance independent of body mass in clinical stud-
ies with the euglycaemic insulin clamp technique
[125]. We have confirmed this association with insu-
lin resistance on an epidemiological basis in Polyne-
sians from Western Samoa [114] and in Mauritius
[126] and have found evidence that hyperleptina-
emia/leptin resistance is an important new compo-
nent of the metabolic syndrome [119]. Another
more recent study from the United Kingdom sup-
ports this contention [127]. The debate is still wide
open with some in vitro [116, 120, 128] and in vivo
[116, 120, 129±131] studies having shown disparate
and sometimes opposite effects of leptin on glucose
uptake and insulin action. Additionally, on a cross-
sectional basis, glucose intolerance is not associated
with any changes in leptin concentrations compared
with normal subjects [114]. As the majority of human
studies have been carried out on small groups of pa-
tients, their representativity is still open to question.
Certainly, epidemiological data [114, 119, 126, 127,
132±133] and certain in vivo studies in Psammomys
obesus, an excellent animal model of obesity, insulin
and leptin resistance and Type II diabetes [134±136]
keeps alive the possibility of an important role for
leptin in either causing insulin resistance or modulat-
ing insulin sensitivity. Further longitudinal studies
examining the effect of leptin on insulin resistance
will clarify the direction of association between the
two.

There is evidence to add hyperleptinaemia to the
risk factor cluster that constitutes the metabolic syn-
drome [119] (Table 8). Hyperleptinaemia is just one
of a number of extra components that have been pro-
posed for the syndrome. To date, there has been no
internationally agreed definition for the metabolic
syndrome or criteria for the major components. The
recent report of the WHO consultation [36] on the
classification and criteria of diabetes has proposed a
working definition and suggested key components
and criteria (Table 9). This at least will provide a ba-
sis for developing an internationally acceptable defi-

nition that will allow standardization for classifica-
tion, epidemiological studies and clinical research.

Thrifty genotype or thrifty phenotype? Low birth
weight has been proposed as a new and important
risk factor for Type II diabetes [137]. Studies in the
United Kingdom have shown an inverse relation be-
tween birth weight and glucose tolerance in adult
life. This concept of a ªthrifty phenotypeº has created
considerable interest but does it hold up against avail-
able evidence? Hales and Barker suggested that low
birth weight, a reflection of nutritional deficiency in
utero, is related to the later development of glucose
intolerance, both IGT and Type II diabetes, indepen-
dent of current BMI and social class [138]. Their in-
terpretation of these findings was that impaired func-
tion of the endocrine pancreas and other tissues (in-
volved in insulin sensitivity) results from the long-
term effects of the nutritional deprivation affecting
fetal and infant growth. They suggested this scenario
applies in high-prevalence communities such as the
Nauruans. They then proposed the thrifty phenotype
hypothesis claiming that Type II diabetes is mainly
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Table 8. The cardiovascular disease risk factor cluster compo-
nents of a revised metabolic syndrome which now includes hy-
perlipidaemia and leptin resistance

· Glucose intolerance
· Hyperinsulinaemia
· Insulin resistance
· Hypertension
· Upper body obesity
· Increased VLDL triglycerides
· Decreased HDL cholesterol
· Hyperleptinaemia
· Leptin resistance
· Microalbuminuria
· Increased PAI-1

PAI-1, plasminogen activator inhibitor-1

Table 9. The criteria for the various componentsa of the meta-
bolic syndrome as proposed by the WHO Consultation on
Definition, Diagnosis and Classification of Diabetes Mellitus
and its Complications (from ref. 43)

1. Impaired glucose regulation or diabetes
2. Insulin resistance (under hyperinsulinaemic euglycaemic condi-

tions, glucose uptake below lowest quartile for background
population under investigation)

3. Raised arterial pressure L 160/90 mm Hg
4. Raised plasma triglycerides (L 1.7 mmol/l; 150 mg/dl) and/or

HDL cholesterol (< 0.9 mmol/l, 35 mg/dl men; < 1.0 mmol/l,
39 mg/dl women)

5. Central obesity (males: waist : hip ratio > 0.90; females:
waist : hip ratio > 0.85) and/or BMI > 30 kg/m2

6. Microalbuminuria (urinary albumin excretion rate L 20 mg min
or albumin: creatinine ratio L 20 mg/g)

a Several other components of the metabolic syndrome have
been described (e.g. hyperuricaemia and raised PAI-1). They
are not necessary for the recognition of the condition



the result of environmental determinants and that ge-
netic factors have minimal or no role [137]. A number
of studies, including other longitudinal studies have
confirmed the epidemiological association [139±141]
but there are also those which question it [142]. There
now appears to be only minor controversy about the
epidemiological association between low birth weight
and glucose intolerance. Can it, however, really be
claimed [137], that there is no genetic component in
Type II diabetes and that all is due to environment?
This seems to be the main area of controversy!

Some workers in the field [143±145] have ques-
tioned their interpretation pointing out that, para-
doxically, their data could be consistent with the thrif-
ty genotype hypothesis. It is possible that those fetus-
es carrying a ªsurvival of the fittestº gene in an envi-
ronment of intrauterine malnutrition are more likely
to survive [143]. This possibility is, in fact, consistent
with the thrifty genotype. It is based on the proposal
that the United Kingdom study [138] is of necessity
limited to survivors (small infants genetically predis-
posed to insulin resistance and Type II diabetes) and
the thrifty phenotype hypothesis takes no account of
the high mortality associated with a low birth weight.
In addition, less than 10% of adults with glucose in-
tolerance had a low birth weight [137, 144]. Thus,
even if the relation is ultimately shown to be causal,
low birth weight explains only a small proportion of
diabetes and does not exclude the importance of oth-
er hypotheses (such as the thrifty genotype).

These issues and a number of others challenging
the thrifty phenotype concept have been reviewed in
detail recently [146] and it was pointed out that claim-
ing causal inference in this association must be seri-
ously challenged. Programming studies are unique in
that potential causes are temporally separated from
effects by a span of some five decades. The authors
of the review [146] listed various direct and indirect
pieces of evidence that suggest the reported associa-
tion of low birth weight and subsequent Type II dia-
betes may be biased rather than causal. They state:
ª. ..selection bias, failure to define, measure, and ade-
quately control for the confounding health conse-
quences of social deprivation and inconsistencies in
the hypotheses tested and in methods of data analysis
and reporting are among the factors that weigh
against a causal explanation for the associations ob-
servedº [146].

Added weight to their view comes with a recent
study [147] which reports that size at birth is influ-
enced by common genetic variation in insulin gene
(INS) expression or in a neighbouring gene, such as
IGF2, regulated by the variable number of tandem
repeats (VNTR). The authors suggest that INS
VNTR class III/III is a candidate gene for a thrifty
genotype which leads to enhanced growth in utero
and could bestow a survival advantage during human
history in times of low food availability. This finding

adds a new dimension to this controversy and pro-
vides a basis for a new approach to determine the ge-
netic contribution.

Primary prevention of Type II diabetes

The thrifty gene [117] provides a basis for a better un-
derstanding of strategies to prevent Type II diabetes.
A trait previously advantageous and which permitted
survival during famine, i. e. favoured conservation
and storage of energy as fat, now leads to insulin re-
sistance, Type II diabetes and obesity in times of af-
fluence [118]. A return to the hunter-gatherer scenar-
io, healthy nutrition along with exercise, resulting in
reduced energy intake and increased energy expendi-
ture with weight reduction provides the logical means
of prevention. This is supported by the only major
population-based intervention yet reported, the
DaQing study in China [148]. Here, the incidence of
IGT converting to Type II diabetes was reduced by a
third in the intervention compared with the control
group. Given the projected epidemic of diabetes in
China [5], such a potentially cost-effective interven-
tion is of great importance. We have also recently
shown that a similar community-based lifestyle ap-
proach in Mauritius could reduce some of the key
risk factors for Type II diabetes and CVD such as eat-
ing behaviour, sedentariness, serum lipids and ciga-
rette smoking [149, 150].

The Mauritius study [22] has provided important
epidemiological and public health data for tackling
prevention. It shows that health, behaviour and risk-
factor status can be modified, albeit sometimes
through legislative change [149, 150] and that an in-
tegrated approach to Type II diabetes and other
non-communicable disease prevention and control
[6] is feasible. The Mauritius study supported the evi-
dence that for CVD the clock starts ticking before
the diagnosis of diabetes [110]. By the time of diag-
nosis of diabetes, it may already be too late for inter-
ventions to have their full impact on cardiovascular
disease. This direction could have only come through
well planned longitudinal epidemiological studies as
in Bedford [12], the Pima Indians [13] Mexican
Americans [108], Rancho Bernado [109] and Mauri-
tius [22].

Epidemiology and society

The study of epidemiology involves much more than
number counting. Risk determinants for non-com-
municable diseases such as Type II diabetes go to
the very core of the social, cultural, economic and be-
havioural factors in a society. In tackling Type II dia-
betes, the fight is not just against an individual dis-
ease but against the tide of modernization and glo-

P. Z. Zimmet: Epidemiology as a tool for diabetes research and care 513



balization that has seen the underprivileged nations
and people going backwards while the developed na-
tions enjoy unprecedented economic growth. There
is an urgent need to address the socio-economic, be-
havioural, nutritional and public health issues that
have led to the Type II diabetes, obesity and CVD
epidemic [5, 110]. This is yet another example where
epidemiological studies of diabetes and its public
health significance have triggered, and will continue
to stimulate, research into how to prevent diabetes
and reduce the burden of its devastating complica-
tions.
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