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HOW MANY FACES HAS
DIABETES IN ADULTS? — Life
would be much easier for researchers and
clinicians if there were only one type of
diabetes. The reality, however, is that di-
abetes is not one disease. From the most
simple viewpoint, there are two major
forms, insulin-dependent diabetes melli-
tus (IDDM), or type I diabetes, and non-
insulin-dependent diabetes mellitus
(NIDDM), or type II diabetes (1,2). Both
forms are heterogenous, particularly
NIDDM, and in addition, there are several
less important forms from a numerical
perspective (1). Controversy abounds on
the current classification of diabetes, and
while this may not be a major problem in
children, it certainly presents a major
challenge for researchers and clinicians in
the diagnosis of diabetes in adults, partic-
ularly in young adults (3).

IDDM
IDDM is relatively easy to explain and di-
agnose. It is a relatively discrete disorder

and has an autoimmune basis, and there
is evidence of genetic susceptibility inter-
acting with as yet unknown environmen-
tal agents (4). Viruses have been impli-
cated in some instances, and molecular
mimicry between the PC-2 protein of the
coxsackievirus and glutamic acid decar-
boxylase (GAD) is a possible initiator of
the events that lead to pancreatic j3-cell
destruction (4). An alternative hypothesis
proposed by Nerup et al. (5) is that a viral
infection or some other environmental in-
sult generates cytokines and other inflam-
matory mediators that ultimately destroy
the j3-cells. It is plausible that j3-cell anti-
gens might be chemically modified (e.g.,
dimerization or some other structural
change) by superoxide anions that result
from this process, thus rendering them
antigenic.

IDDM occurs at all ages (6), and
the clinical presentation can vary with age
(7,8). It generally has a classical dramatic
clinical and biochemical presentation, es-
pecially in children, and failure to treat
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immediately with insulin can be life-
threatening (2). Usually, the onset is ex-
plosive, and rapid deterioration occurs
unless insulin therapy is introduced im-
mediately. However, in adults, it can mas-
querade as NIDDM at presentation, with
a slow deterioration in metabolic control,
and later progress to insulin dependency
(7-9).

IDDM is not a rare disease in the
elderly, and it may develop at any age. In
a recent Danish study from Molbak et al.
(6), the cumulative incidence from the
age of 30 years onwards was stable, and
they concluded that the lifetime risk of
developing IDDM is higher than has pre-
viously been recognized. They suggested
that the reported substantial differences
in IDDM incidence between countries
may be related to age at onset rather than
lifetime risk.

Currently, there is enormous in-
terest and debate not only in relation to
the pathogenesis of IDDM (4,5,10) but
also concerning the role of GAD as the
putative autoantigen (4,7,11). In addi-
tion, the role of the measurement of anti-
bodies to this ubiquitous enzyme in clas-
sification and prediction of future IDDM
and insulin dependency in both adults
and children is under intense investiga-
tion (12-14) and will be addressed later
in this article.

NIDDM
There is now a global epidemic of NIDDM
with a projected morbidity and mortality
of enormous magnitude (15-17). It is not
as easy to explain or describe NIDDM as it
is IDDM (18). The disorder shows heter-
ogeneity in numerous respects (Table 1).
In the majority of cases, it is a lifestyle
disorder, with the highest prevalence
seen in populations that have a height-
ened genetic susceptibility, and environ-
mental factors associated with lifestyle
unmask the disease (19).

A major challenge at present is
that our current concept of NIDDM is un-
dergoing a radical change (18). Previ-
ously, it was regarded as a relatively dis-
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Table 1—Facets of the heterogeneity of
NIDDM and diabetes in adults

Genotype
Environmental determinants
Age of onset
Patterns of insulin secretion
Overlap with autoimmune IDDM
Differences in clinical presentation
Differences based on ethnicity
Differences in geographic distribution
Diabetes associated with pregnancy
Associations with other CVD risk factors,

e.g., Metabolic Syndrome

tinct disease entity, but in reality, NIDDM
(and its associated hyperglycemia) is just
a broad descriptive term and a manifesta-
tion of a much broader underlying disor-
der (15,20). This includes a number of
different etiological entities, which are
discussed below. It probably also in-
cludes Syndrome X (21) or the Metabolic
Syndrome (18,20), a cluster of cardiovas-
cular disease (CVD) risk factors, which,
apart from hyperglycemia (manifesting as
NIDDM or impaired glucose tolerance
[IGT]), includes hyperinsulinemia, dys-
lipidemia, hypertension, and central obe-
sity.

As Diamond (17) has so clearly
stated, the lifestyle-related NIDDM arises
from the collision of our old hunter-
gatherer genes with our new 20th century
way of life. The western lifestyle must
have unmasked the effects of preexisting
genes because the consistent result has
been NIDDM within a few decades. This
is occurring too quickly to be the result of
altered gene frequencies (17), and the sig-
nificance of this will be discussed in
greater detail later.

NIDDM is unmasked by social,
behavioral, and environmental risk fac-
tors (18,22). The epidemic in many coun-
tries, particularly developing and newly
industrialized nations, appears to be the
result of change in lifestyle from tradi-
tional to modern, a process labeled "Co-
ca-colonization" by the late Arthur Koes-
tler (23). Oversecretion of insulin
(hyperinsulinemia) and insulin resistance

HYPERINSULINAEMIA HYPOINSULINAEMIA

NIDDM

METABOLIC SYNDROME

NON-OBESE

NIDDM
MODY
• Glucoklnase
• Mltochondrlal DNA
IDDM
• Slow-onset (LADA)
• Acute-onset

Figure 1—The spectrum of diabetes in adults in
relation to insulin levels and obesity.

characterize this group of NIDDM sub-
jects, although /8-cell failure occurs
within the natural history of the disorder
(20).

During the last decade, the explo-
sion of research has shown that there are
other forms of NIDDM that do not appear
to fit the pattern described above, and de-
creased insulin secretion (hypoinsuline-
mia) is seen (24,25). Some of this group
clearly have cases of NIDDM where hy-
perinsulinemia was present at an earlier
stage; and they have now traversed the
Starling Curve of the Pancreas (26,27),
perhaps better described as Reaven's
Curve after the person who originally de-
scribed this phenomenon (28), and rep-
resent secondary forms of an insulin-
secretory defect as the result of /3-cell
exhaustion. There are other forms that are
associated with mutations of the insulin
(29), insulin-receptor (30) and glucoki-
nase (25,31) genes and mitochondrial
DNA (32), while other cases are actually
slow-onset IDDM masquerading as
NIDDM (7-9). Thus, diabetes in adults
has many faces and covers a broad spec-
trum of genotypes and phenotypes as il-
lustrated in Fig. 1.

It is for these reasons that the term
NIDDM and its usage has inherent weak-
nesses. It provides a mixed expression of
genotype, phenotype, and etiology. Thus,
while the classification of IDDM is not too
difficult, it has become more difficult to
define the limits of NIDDM or diabetes
presenting in adulthood (3,18,33). This
paper will cover many of these aspects

and review the understanding of causes of
the main forms of diabetes in adults. This
knowledge can help with the develop-
ment of primary prevention strategies for
a disorder that now affects over 100 mil-
lion people worldwide and is likely to in-
crease to over 230 million people by the
year 2010 (16).

Potentially, the problems in clas-
sification of diabetes in adults may even-
tually be simplified by new knowledge
and technology in several areas, which in-
clude:

• genetic studies relating to the glucoki-
nase, mitochondrial DNA, and other
gene mutations (29-32)

• the development of a simple radioim-
munoassay for antibodies to GAD (12)

• longitudinal epidemiological studies of
the natural history of NIDDM as are
being performed in a number of diverse
ethnic groups in developing and newly
industrialized societies (34)

• studies of the Metabolic Syndrome and
its relationship to glucose intolerance
and hyperinsulinemia (20)

• studies on the natural history of gesta-
tional diabetes mellitus (GDM) (35)

• studies leading to a better understand-
ing of the feast and famine/thrifty gen-
otype (36) and low birth weight/thrifty
phenotype (37) scenarios.

This review attempts to provide a
broad perspective of these issues and how
they can influence current and future ef-
forts to classify, understand the patho-
genesis of, and prevent diabetes in adults.

NEW CHALLENGES AND
PROGRESS IN THE
CLASSIFICATION OF
DIABETES IN ADULTS

Attempts at classification: potential
flaws
Several international expert groups, in-
cluding the World Health Organization
(WHO) (1,38) and the National Diabetes
Data Group (2), have attempted the clas-
sification of diabetes. However, the appli-
cation of these classifications has had se-

DIABETES CARE, VOLUME 18, NUMBER 7, JULY 1995 1051

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/18/7/1050/444161/18-7-1050.pdf by guest on 10 April 2024



The many faces of diabetes in adults

vere limitations (3,18,33,39). They have
not been capable of providing clear-cut
and mutually exclusive differentiation be-
tween IDDM and NIDDM, and they have
been based on a mixture of etiological and
clinical criteria. On the other hand, these
initiatives have been important in terms
of providing direction for improving clas-
sification for epidemiological studies and,
to a certain extent, differentiation for clin-
ical research and management.

While the current classification of
NIDDM places the emphasis on pheno-
type and severity rather than genotype
and etiology, new discoveries have re-
peatedly drawn attention to the deficien-
cies of the latest consensus. For example,
the last WHO Study Group to consider
the classification they proposed of diabe-
tes met in 1985 (38), and the last decade
has seen an explosion in genetic, autoim-
mune, and demographic findings relating
to diabetes in adults. To the credit of the
1985 WHO Study Group, they realized
that the classification they proposed was
interim and that discovery of further het-
erogeneity in both etiology and pathogen-
esis was inevitable (38). (

In adult-onset diabetes, and in-
deed NIDDM, there is a wide spectrum of
insulin levels from hyperinsulinemia to
hypoinsulinemia and also variations in
insulin sensitivity/resistance (20,24,40,
41). The association of hyperinsulinemia
with other metabolic abnormalities to
form the Metabolic Syndrome or Syn-
drome X (20,21) provides yet another di-
mension to the spectrum. Here, the syn-
drome can be likened to a shopping
basket of disorders, and depending on the
circumstances, the patient may first be di-
agnosed with IGT, NIDDM, hyperten-
sion, dyslipidemia, or central obesity in
isolation, or a combination of two or
more, and the other abnormalities may
emerge progressively with time.

With this genotypic and pheno-
typic heterogeneity, it is not surprising
that it is still common for the physician to
be faced with the diagnostic dilemma in
adults with diabetes: which form is
present—IDDM or NIDDM? However,

before discussing hyperinsulinemic obese
NIDDM, which is the predominant type
of diabetes in adults, some other forms of
adult-onset diabetes will be reviewed.

THE MANY FACES OF
DIABETES IN ADULTS: AN
ETIOLOGICAL AND
EPIDEMIOLOGICAL
PERSPECTIVE

IDDM
Acute-onset IDDM. This is the classic
form of IDDM seen in young children and
adolescents. Genetic susceptibility to the
disorder is conveyed by genes associated
with the human leukocyte antigen (HLA)
DQ region, and autoimmune destruction
of the /3-cells of the pancreas occurs in
susceptible individuals due to as yet un-
known environmental agents (4). In the
prediabetic phase, antibodies to a number
of islet /3-cell constituents including islet
cell antigen (islet cell antibody [ICAD
(42), insulin (insulin autoantibody [IAA])
(43), and GAD (anti-GAD) (12,13,44)
can be detected for up to 10 years before
clinical diagnosis. IDDM can have an
acute onset even in the elderly, but it may
also be insidious in onset (45).

One of the most important dis-
coveries in diabetes in the last 50 years
has been the identification of the 64-kDa
antigen as the enzyme GAD by Baekkes-
kov et al. (46) in 1991. It has renewed and
stimulated the interest in the search for
the autoantigen(s) for IDDM (Table 2).
Research in this area had been hampered
by available technology as the immuno-
fluorescent assay for ICA and immuno-
precipitation assay for 64-kDa antibodies
are technically difficult and labor-inten-
sive (47). In addition, both proteins
lacked an identity. That situation
changed within several years with the dis-
covery that the 64-kDa protein was GAD
(46) and the development of a simple ra-
dioimmunoprecipitation assay for anti-
bodies to GAD (12,48). This opened the
way for more detailed epidemiological re-
search into the possible role of GAD in the
etiology of IDDM as well as the use of the

Table 2—Antigens against which autoanti-
bodies have been found in IDDM subjects

GAD (64-kDa)
Islet cell antigen, e.g., sulphatide
Insulin
Carboxypeptidase H
37-kDa
38-kDa
Heat shock protein 65
Bovine serum albumin
Others, e.g., islet cell antigens 69,12, and 512

anti-GAD assay for the prediction of fu-
ture IDDM at all ages and insulin depen-
dency in adults presenting with diabetes,
including women presenting with GDM
(12-14,48,49).

We have made a number of new
and important observations using the as-
say, most of which have now been con-
firmed by other groups. The prevalence of
anti-GAD at the time of diagnosis of
IDDM ranges from 69 to 74% in three
independent Australian series from Mel-
bourne (12), Perth (49), and New South
Wales (50). Higher rates of positivity are
seen in females (49,50).

As the majority of newly diag-
nosed IDDM patients have been shown to
be anti-GAD positive, is it possible to de-
tect anti-GAD in the majority of preclini-
cal IDDM subjects? In fact, this is so, and
in Europids from New Zealand at high
risk of IDDM, e.g., ICA-positive first-
degree relatives, 78% were anti-GAD pos-
itive up to 4 years before the clinical onset
of diabetes (51). In addition, 100% of
those >15 years of age at onset of IDDM
were anti-GAD positive compared with
72% with younger age of onset (Table 3).
The reverse situation was seen for IAAs
(i.e., 57.1 vs. 76%). Thus, the appearance
of least anti-GAD and IAA in IDDM can
be related to age of onset of diabetes
(45,51) as well as sex (50,51), and the
frequency of anti-GAD positivity is lower
in IDDM subjects from Asian countries
(55,56). This suggests that the stimuli to
autoimmunity may operate differently at
various ages, and they may also be both
sex- and ethnicity-related.
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Table 3—Frequency of autoantibodies to GAD (anti-GAD) and insulin (IAA) in prediabetic
subjects according to age at eventual time of diagnosis of IDDM

Autoantigen
positive

n

Anti-GAD
IAA

<10

14

71.4(10)
92.9(13)

Age of onset (years)

>10 ^15

18 25

83.3 (15) 72 (18)
55.6 (10) 76 (19)

>15

7

100 (7)
57.1 (4)

Data are % (n) of patients. Data is stratified for onset of symptomatic IDDM at ^10 or > 10 and ^15 or > 15
years of age. x2 = 5.42 (P = 0.02) for IAA in £10- vs. > 10-year-old age-groups.

Latent autoimmune diabetes in adults
(LADA)—the new kid on the block. It is
usually assumed that an adult presenting
with diabetes has NIDDM. It is now clear
that IDDM is more common in adults
than formerly believed (6,45,52) and, in
fact, close to 60% of cases are of patients
who develop it after the age of 20 (53).
However, it may not present in the classic
manner (9,54) so that it is often difficult to
classify the 35- to 50-year-old nonobese
diabetic patient, and there may be a vari-
ety of different etiologies in this group.
We have recently become very interested
in this category of patients, referred to as
LADA (55), a subcategory of diabetes pa-
tients who might constitute a significant,
but as yet undefined, proportion of diabe-
tes in adults.

We have shown that high anti-
GAD levels remain for up to 40 years after
diagnosis of IDDM (12), in comparison
with ICA and IAA, which fall quite soon
after diagnosis (47). The high persistent
anti-GAD levels are not the result of dia-
betic neuropathy (58) as was suggested
by Kaufman et al. based on a very small
series of patients (59). While the true ex-
planation is unclear, this phenomenon is
important because the persistence of the
high anti-GAD levels for years after diag-
nosis makes it a useful marker for future
insulin dependency in adults as the diag-
nosis of diabetes is often delayed (60).

Our recent report, from a study of
Finnish women ages 15-35 (13), has
shown that high levels of anti-GAD can be
detected in 82% of IDDM cases up to 10

years before clinical presentation (Table
4). A positive test for anti-GAD predicted
future IDDM with 82.1% sensitivity and
100% specificity. This is a unique, albeit
retrospective, study that was possible be-
cause of the policy to test and store sera
from all pregnancies in Finland since
1983. As registration with the National
Public Health Institute of all cases of dia-
betes in the age group of 15-39 years was
instituted in 1992, we were able to trace
back sera from the women who were reg-
istered. In addition to the results in
IDDM, we found that 15% of women with
GDM who received insulin during their
pregnancy were also anti-GAD positive
(13). This was 15 times the frequency in
those treated with diet alone.

There also appears to be an ethnic
difference in anti-GAD positivity with
higher frequency in Europid than in Chi-
nese, Thai, and Korean patients (56,57).
We are not certain as to whether this
bears any relationship to the fact that
IDDM is seen less frequently in Asian eth-

nic groups (61). We have also studied Af-
rican-Americans from Flatbush, a bor-
ough of New York. In adults presenting
with diabetic ketoacidosis (typical of
IDDM), yet with a subsequent natural his-
tory of diabetes akin to NIDDM and often
treated with diet only, anti-GAD negativ-
ity was found (62).

We have now reported on LADA
in Finland (9), Australia (55), New Zeal-
and (63), U.S. (64), Hong Kong (65) and
the People's Republic of China (Pan Xi-
oren, unpublished observations), and
Mexico (Gomez Perez, unpublished ob-
servations). Similar findings have also
been reported in Sweden (14) and Japan
(66).

It is with the LADA group that real
problems exist in classification between
IDDM and NIDDM in adults. From our
own studies (3,9,55) and those of others
(14,63), it appears that between 10 and
20% of adult-onset diabetic patients have
IDDM with autoimmune etiology. Many
of these individuals can maintain good
metabolic control with diet and oral hy-
poglycemic therapy for years before they
become insulin-dependent (7-9,14).
This suggests that the autoimmune pro-
cess can proceed quite slowly over many
years in older patients (54).

The typical patient with LADA is
35 years or older, nonobese, and present-
ing with what appears to be NIDDM (33).
The diabetes is often controlled with diet,
but within a short period, from months to
a few years, metabolic control fails and
oral agents are required, and subsequent
progress to insulin-dependency may be

Table 4—Subjects positive for antibodies to GAD during pregnancies before the diagnosis
of diabetes among and in a random sample of young women in Finland

Type of diabetes

IDDM
NIDDM
GDM—insulin-treated
GDM—diet alone
Normal control subjects

For age, data are mean (range).

n

28
11
32
80

100

Anti-GAD positive (%)

82
34
15

1
0

Age (years)

30 (23-39)
32 (22-39)
32 (22-40)
32 (20-45)
36 (25-45)
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quite rapid. This form of diabetes was
previously labeled as "Type 1 1/2" diabe-
tes (33). Among Europeans, it has been
shown to be a late-onset and slowly evolv-
ing form of IDDM, since studies have
shown the presence of markers of autoim-
munity, including ICA, and also the typ-
ical high IDDM susceptibility HLA haplo-
types (7,67). In several recent reports
mentioned above (9,14,55,57,63-65),
there is a high frequency of anti-GAD pos-
itivity in this category of patients over a
wide range of ethnic groups.

These studies confirm that auto-
immune IDDM in adults is much more
common than formerly believed. As
many as 15-20% of all adult diabetics
may have LADA, and LADA may consti-
tute as many as 50% of nonobese
NIDDM. This figure may be even higher
as anti-GAD positivity may not be the sole
marker of autoimmunity in this group,
given that ~25% do not have antibodies
to GAD. Not all those who show the
LADA phenotype will necessarily be anti-
GAD positive, and other markers of auto-
immune diabetes such as ICA, IAA, or 37-
kDa (4) may be present when more
detailed investigations take place. Other
workers have come to a similar conclu-
sion, and Orchard (3) has proposed that
up to one-third of NIDDM cases may be
what he has labeled as youth-onset diabe-
tes of maturity (YODM). The cases he de-
scribed were all identified from families
having an IDDM proband.

If these findings in LADA are con-
firmed in other populations, a routine test
for anti-GAD becomes a very likely sce-
nario for all adults presenting with
NIDDM, particularly the nonobese form.
This would provide physicians with im-
portant information about the possibility
of future insulin dependency. Earlier
treatment with insulin may improve their
immediate well-being, but also, as is dis-
cussed later, this treatment has important
implications for post-primary interven-
tion with immunotherapy. There is a
chance of preserving remaining j8-cell
function and thereby lessening the risks

of long-term microvascular complica-
tions of diabetes (68).

NIDDM with known gene
associations
In recent years, there has been an explo-
sion of studies relating to specific gene
mutations including glucokinase (31,69),
mitochondrial DNA (32), and rarer muta-
tions of insulin (29), insulin receptor
(30), and other genes (70-73) in NIDDM.
The other genes found in association with
NIDDM in certain populations include
glycogen synthase (70), j3-3 adrenergic
receptor (71), and apolipoprotein D
(72,73) genes, but in general, these asso-
ciations are not very strong (71).

Recent reports of maturity-onset
diabetes of the young (MODY), a familial
condition with autosomal dominant in-
heritance, have shown that the disorder is
frequently linked to the glucokinase gene
on chromosome 7 (25,34,69) and to the
region of the adenosine deaminase gene
on chromosome 20 (74). Numerous mu-
tations (at least 22 thus far) of this gene, in
association with MODY, have now been
reported (69,71). Glucokinase is a key
enzyme in mediating the insulin secretory
response to glucose (75), and it has now
been shown that many MODY subjects
have an insulin secretory defect (25,76).

A single point mutation in the mi-
tochondrial tRNALeu(UUR) gene has been
described in Europid (77,78) and Japa-
nese (79,80) families, and the diabetes
phenotype is similar to MODY but is also
accompanied by nerve deafness. The
same mutation has been linked to a syn-
drome of mitochondrial myopathy, en-
cephalopathy, lactic acidosis, and stroke-
like episodes (MELAS). How this one
genotype can give rise to such different
phenotypes is not yet clear.

The mitochondria are the power-
house of the cell and are responsible for
generating 90% of its energy. Oxidative
mitochondrial metabolism plays a very
important role in the regulation of insulin
production, and there is evidence that
there may be a defect of insulin secretion
or release rather than j3-cell sensing (80),

as is the case for glucokinase mutations
(25,76). In a landmark paper in 1962,
Luft et al. (81) described the first patient
with a mitochondrial disorder (Luft dis-
ease). This paper was the forerunner to a
new branch of medicine. Luft has recently
reviewed the subject of mitochondrial
medicine, and primary defects in mito-
chondrial function are now implicated in
more than 100 diseases (82). While
pointing out that it is unlikely that spe-
cific mutations of mtDNA would explain
the majority of cases of NIDDM, Luft sug-
gests that an age-related decline in the ca-
pacity for oxidative phosphorylation and
its consequences could play a significant
role in the pathophysiology of this disor-
der.

These specific gene mutations
probably represent only 2-4% of all cases
of diabetes presenting in adult life but
constitute an important model for the un-
derstanding of the genetics of NIDDM
and for further research. They may have
important implications for future thera-
peutic and prevention strategies.

NIDDM with as yet unknown genetic
basis (genes in waiting)
NIDDM is now an epidemic in many pop-
ulations in the developing and newly in-
dustrialized world (17,19,83), particu-
larly in communities where way of life has
changed most dramatically toward a
modern lifestyle. In these communities,
the previous dependency on hunting and
gathering and the later subsistence agri-
culture was replaced with a modern pat-
tern, characterized by sedentary way of
life and a diet of energy-dense processed
foods with high levels of saturated fat
(19). Numerous epidemiological studies
(Fig. 2) have highlighted the spectacu-
larly high susceptibility of Micronesian,
Polynesian and certain Melanesian Pacific
islanders (84), Australian Aborigines
(85,86), North American Indians (61),
African-Americans (87) and other black
populations (88), Hispanics (89), and mi-
grant Asian Indians and Chinese (88) to
NIDDM and lesser degrees of glucose in-
tolerance. The lowest prevalence is seen
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Figure 2—Prevalence ojNIDDM age-standardized to Segi's world population in selected populations
aged 30-64 years. Adapted from King et al. (61).

in rural Bantu in Africa and in the People's
Republic of China (61).

A comprehensive review of the
age-standardized prevalence of these and
other selected populations around the
world allowing comparisons has recently
been published (61). The highest preva-
lences (age-standardized for adults 25
and over) are 42.2% in the Pima Indians
of Arizona and 39.5% in Nauruans from
Micronesia. This latest, and rather spec-
tacular, high age-standardized prevalence
of 37.3% has just been reported in urban-
ized Melanesians of coastal Papua New
Guineans (83). This community is the lat-
est to join the high-prevalence group, and
the rate of diabetes has doubled in the 14
years between 1977 and 1991. The
above-listed rates compare with those of
3% in Australians of European origin (90)
and 1.6% in people from People's Repub-
lic of China (91).

While NIDDM in Europeans is
usually characterized by onset after age
50, in Pacific islanders and the other
high-prevalence groups, onset in the 20-
to 30-year-old group is common
(34,84,92), and the socioeconomic and
health impact on society is much greater.
The high genetic susceptibility to NIDDM
in these former traditional living groups

has been attributed to an evolutionary
phenomenon, namely the "thrifty geno-
type" (93), and this is discussed later in
this review. It has also been suggested that
this phenomenon may explain the associ-
ation of the Metabolic Syndrome with hy-
perinsulinemia, glucose intolerance, and
the other features of this cluster (20).

The Metabolic Syndrome and
NIDDM
A major diagnostic and treatment chal-
lenge for the diabetologist is the person
with either NIDDM or IGT and/or hyper-
tension, central (upper body) obesity,
and dyslipidemia. This group of patients
is at very high risk of coronary artery, ce-
rebrovascular, and peripheral vascular
disease (18-21) as each one in its own
right is an important CVD risk factor, and
they also contribute cumulatively to ma-
crovascular disease (94,95).

Often, a patient with one of these
conditions, e.g., NIDDM or upper body
obesity, will be found to have at least one
or more of the other CVD risk compo-
nents (94,95). This clustering has been
labeled the Deadly Quartet (96) or Syn-
drome X (21), and when the group of risk
factors is widened, the Metabolic Syn-

drome (20) or Insulin Resistance Syn-
drome (97).

Epidemiological studies confirm
that the Metabolic Syndrome does occur
commonly in a number of ethnic groups,
including Europids (20,21), African-
Americans (95,98), Mexican-Americans
(99), Asian Indians and Chinese (95),
Australian Aborigines (100), and Polyne-
sians and Micronesians (101). The syn-
drome was first described over 20 years
ago and has been attributed to various
people including Crepaldi, Vague, Wel-
born, and Modan (102). However, in
1988, Reaven (21) refocused attention on
the cluster and named it Syndrome X. It is
much more common to have central obe-
sity as part of the cluster and because
Reaven omitted it from his original de-
scription, the term Metabolic Syndrome
is now favored (102).
Hyperinsulinemia and/or insulin resis-
tance and the Metabolic Syndrome. Hy-
perinsulinemia is a predictor of both
NIDDM and coronary artery disease
(20,34,89) in a number of epidemiologi-
cal studies. Evidence is accumulating that
insulin resistance and/or hyperinsuline-
mia may be the common etiological fac-
tors) for the components of the Meta-
bolic Syndrome (20,21,97), although
there appears to be heterogeneity in this
relationship between populations.

Two-thirds of NIDDM patients
die from CVD (103). The clustering of
NIDDM, a well-documented risk deter-
minant for CVD, with the other risk fac-
tors that constitute the Metabolic Syn-
drome is now well established (20,21,94,
95). This seems the most likely explana-
tion for this increased mortality due to
CVD in people with NIDDM. Alone, each
component of the cluster conveys in-
creased CVD risk, but as a combination,
they become a "time bomb" (16,20). This
means that the management of NIDDM
should focus not only on tight blood glu-
cose control but also strategies for reduc-
tion of the other CVD risk factors (20).

It is now well documented that
the other features of the Metabolic Syn-
drome can be present up to 10 years be-
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fore diagnosis of NIDDM (102,104,105).
This assumes great importance in relation
with our understanding of the etiology of
NIDDM and the associated CVD risk as
well as the potential to prevent CVD and
its morbidity and mortality in persons
with glucose intolerance. In other words,
the risk and the actual development of
CVD starts many years before glucose in-
tolerance manifests, and Haffner et al.
(104) have posed the very relevant ques-
tion: when does the clock actually start
ticking for CVD in people with diabetes?

Thus, paradoxically, the preven-
tion of CVD in patients with NIDDM
should commence before their diabetes is
diagnosed; however, is this really feasible
at our current state of knowledge? How-
ever, the diagnosis of the Metabolic Syn-
drome without NIDDM provides a group
at very high risk of future NIDDM. Thus,
aggressive early management of the syn-
drome may have a significant impact on
both the prevention of NIDDM and CVD
mortality (20,39).

GDM—a distinct entity or
potpourri?
Another form of diabetes seen in adult
life, albeit only in women, is GDM. This
term is restricted to pregnant women in
whom the onset or first recognition of
glucose intolerance occurs during preg-
nancy and the lifetime risk for IGT and
NIDDM is substantially increased (33).
What is not clear is what the actual risk of
future IDDM is, although it has been esti-
mated that ~2% of women with GDM
will progress to IDDM over 15 years (13).

There is clearly heterogeneity
within GDM (107), and there is no reason
to believe that the etiological spectrum of
this disorder is any different from that of
adult diabetes in the nonpregnant state as
illustrated in Fig. 1. The dilemma for the
managing physician is whether GDM
could be the initial presentation of
NIDDM or IDDM or which type of diabe-
tes the GDM will progress to in the future.

We have been interested in find-
ing the extent of markers of autoimmune
IDDM in women with GDM and whether

the presence or absence of markers such
as ICA and anti-GAD is associated with
the need for insulin either during preg-
nancy or with onset of IDDM in the longer
term. In a study of Hispanic and African-
American women in New York, McEvoy
et al. (107) found that 31% of women
with GDM and 48% of those requiring
insulin were ICA positive (107). Others
have reported between 10 and 38% ICA
positivity (108-110). This wide range is
most likely due to variation in both sam-
ple selection and the assays used in these
studies.

In fact, a more recent report by
Catalano et al. (111) found 1.6% ICA pos-
itivity in women with previous GDM. We
found 1.8% frequency of anti-GAD under
similar circumstances (N. Beischer, P.
Wein, I. Mackay, P.Z., unpublished ob-
servations). These data support the con-
cept that there is a subgroup of women
with GDM who have a slowly evolving
type of IDDM, similar to the slowly pro-
gressive IDDM or LADA, or that they have
diabetes in pregnancy associated with au-
toantibodies other than anti-GAD.

Therefore, pregnancy allows the
recognition, and perhaps the unmasking,
of IDDM earlier than would normally
have occurred. Recently, Damm et al.
(112) investigated the predictive value of
ICA for development of diabetes in
women with previous GDM, and 2.9%
were ICA positive. Three of these women
later developed IDDM (follow-up was ~6
years after the index pregnancy) giving a
positive predictive value of 75%. More re-
cently, we found that 5% of GDM patients
from Finland were anti-GAD positive
(13), and most of the anti-GAD-positive
women with GDM (5 of 6) required insu-
lin treatment during their pregnancy.
How many of these will develop IDDM in
the longer term must still be established,
and this aspect is the subject of our ongo-
ing research.

These findings have very impor-
tant implications for the management and
follow-up of women with GDM. Freinkel
(113) has highlighted GDM as a unique
syndrome, not only because of the oppor-

tunity for an aggressive approach for di-
agnosis and management, but also as a
special arena for preventive medicine. If
safe immune intervention therapy for
IDDM becomes available, a likely sce-
nario is that routine screening of GDM for
anti-GAD and/or other markers of auto-
immunity would select those women
most likely to develop IDDM, and they
would be an important target group for
primary prevention (39). The possibility
remains that in many instances, GDM is
not actually caused by the pregnancy, and
its discovery is coincidental (114). There-
fore, the significance of the detection of
autoimmune markers such as ICA and
anti-GAD during pregnancy should be
further studied.

At the present time, it appears that
testing for ICA or anti-GAD detects those
most likely to require insulin during the
current pregnancy (13), and given evi-
dence that this may protect j3-cell func-
tion as insulin therapy can induce /3-cell
rest (4,68), there may already be a ratio-
nale for screening all women with GDM
with the anti-GAD assay to ensure the op-
timal management during that preg-
nancy.

Other types of diabetes
There are other forms of diabetes in adults
that are associated with pancreatic dis-
ease, endocrine syndromes, drug therapy,
malnutrition, and rare genetic syndromes
(1,2,33). These together constitute no
more than 5% of cases of diabetes in
adults. .

Malnutrition-related diabetes,
confined almost exclusively to the trop-
ics, was listed as a possible third major
category of diabetes by the 1985 WHO
Study Group (38), but its true frequency
is unknown (33).

GENES AND/OR
DEMOGRAPHIC FACTORS
IN THE ETIOLOGY OF
NIDDM—A THRIFTY
GENOTYPE— The high prevalence
of obesity and NIDDM in certain ethnic
groups including the American Indians,
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Australian Aborigines, and Pacific island-
ers such as the Micronesian Nauruans has
been ascribed to a thrifty genotype (36).
The hypothesis, first proposed by Neel
(93) in 1962, is attractive, plausible, and
yet difficult to prove or disprove (36,115).
However, there are animal models that
provide strong experimental support
(116). Shafrir (116) and Barnett et al.
(117) have demonstrated in the western-
ized Israeli sand rat (Psammomys obe-
sus), which develops obesity and diabetes
in association with hyperinsulinemia and
insulin resistance, that food restriction
can lead to a reversal of the hyperinsuline-
mia and associated metabolic abnormali-
ties.

The basis for the susceptibility to
obesity and NIDDM is unclear but could
be a result of a thrifty gene that promoted
fat deposition and storage of calories in
times of plenty and provided a positive
selective advantage during periods of
food shortage and starvation (118). As a
consequence, the populations that for-
merly were most subject to such adverse
circumstance are where the thrifty geno-
type frequency would be highest and are
the ones that now have the highest inci-
dence of NIDDM, such as the Pima Indi-
ans and the Nauruans.

The concept of a thrifty gene is not
without precedent. There are other classic
examples of the thrifty genotype. Genetic
traits such as sickle cell anemia and glu-
coses-phosphate dehydrogenase defi-
ciency, two of the commonest single-gene
diseases in humans, have been selected in
a variety of populations where malaria ex-
ists (119). Their persistence in certain re-
gions of the globe, given their potential
lethal nature, has been ascribed to the fact
that heterozygotes are protected against
malaria, one of the major environmental
hazards in many tropical and developing
countries.

The search for the elusive NIDDM
gene(s) has not produced any major can-
didate either for NIDDM or the thrifty
gene (34,120). In fact, there could be a
number of different thrifty genes that de-
veloped under different environmental

circumstances through the millennia
(121). The complexity of human metab-
olism, controlled by multiple interacting
genetic and physiological mechanisms,
has possibly resulted in many potential
beneficial mutations, deletions, recombi-
nations, and opportunities for natural se-
lection relating to the feast and famine
scenario. Thus, the thrifty gene(s) may
vary in presence, intensity, and genetic
control systems across almost all the
world's human populations.

McGarvey (121) suggests that the
thrifty genotype is not a single gene cod-
ing for a protein product and setting over-
all control for energy balance. Rather,
there are numerous gene systems in-
volved, which influence adiposity, energy
metabolism, and risk of associated dis-
eases, and the thrifty genotype hypothesis
provides a convenient umbrella for con-
sidering the evolutionary significance of
hyperinsulinemia and insulin resistance
(20,121,122).

Neel (93), in his original descrip-
tion, proposed that those individuals with
the genotype had an exaggerated insulin
response to food. This would lead to an
increase in stored energy because of in-
creased deposition of adipose tissue dur-
ing feast periods. The thrifty gene pro-
vided a selective survival advantage in
times of fluctuating food availability, such
as during long canoe voyages or times of
famine and climatic change. This scenario
is consistent with a hypothesis that stor-
age of fat provides a cushion against food
shortages (17), particularly for women for
successful conception, during pregnancy
and lactation. Thus, the thrifty gene
would contribute to increased fat storage
during feast periods and would protect
reproductive function during famines. In
modern times, where the scenario of so-
cial and cultural factors favor feasting
with a preference for energy-dense pro-
cessed foods and a sedentary lifestyle, the
selective advantage is lost (36).

In the past, with the continued
feast situation, the genotype would prob-
ably have been eradicated through natu-
ral selection as diabetic individuals would

have died at a young age through compli-
cations including retinopathy, renal fail-
ure, and obstetric complications (115). In
addition, the rates of congenital anoma-
lies and perinatal deaths are substantially
higher in diabetic pregnancies (123), and
the fertility rates are lower in diabetic
women (115). The combined effect of
these events would be a reduction in the
gene pool.

In the special populations men-
tioned above, my group has shown, with
others, that physical inactivity and mark-
ers of dietary change such as urbanization
and improved socioeconomic status are
independent risk factors for obesity
(19,84,124). Furthermore, both general-
ized and central obesity as well as physi-
cal inactivity are independently associ-
ated with IGT and NIDDM (89), probably
acting to a large extent in affecting insulin
sensitivity/action and causing insulin re-
sistance (16,20). Today, with food
aplenty, the thrifty gene becomes delete-
rious, there is an accentuation of insulin
resistance, and those communities where
it is present develop high prevalence of
obesity and NIDDM (118).

In this context, the relatively low
prevalence of NIDDM in European pop-
ulations is of some interest. It might be
due to the fact that there has been less
selection in favor of the thrifty genotype
as there were not the repeated food short-
ages seen elsewhere, so there might have
been a strong negative selective force
against the thrifty (diabetes) gene if it was
present. For example, the prevalence of
diabetes in the U.K. is ~2% (125) com-
pared with 8% in the U.S. (87). It is
tempting to conclude that the people who
left Europe to cross the Atlantic Ocean by
sea to populate America with all the asso-
ciated adversity, and who survived, might
yet be another example of the thrifty gene
scenario!

This suggestion may explain why
the prevalence of diabetes in Europids in
the U.S., Canada, and Australia is higher
than that in the U.K. On the other hand,
the difference may just be the result of
different levels of environmental risk de-
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terminants, such as nutritional factors,
exercise, and obesity between these com-
munities (19), or genetic admixture over
the centuries as occurred in Europe and
the Near East. The latter possibility could
have negated the effects of famine and
other natural disasters by diluting the
thrifty genotype.

Thrifty genotype or thrifty
phenotype?
A low birth weight has recently been pro-
posed as a new risk factor for NIDDM
(37). Studies in the U.K. have demon-
strated an inverse relationship between
birth weight and glucose tolerance in
adult life (126). This concept of a "thrifty
phenotype" has created considerable in-
terest, but does it hold up against avail-
able evidence?

Hales and Barker (37) have sug-
gested that low birth weight, a reflection
of nutritional deficiency in utero, is re-
lated to the later development of glucose
intolerance, either IGT or NIDDM, inde-
pendent of current body mass index and
social class. Their interpretation of these
findings is that impaired development of
the endocrine pancreas and other tissues
results from the long-term effects of the
nutritional deprivation affecting fetal and
infant growth and suggested that this sce-
nario applies in high prevalence commu-
nities such as the Nauruans. They then
propose the thrifty phenotype hypothe-
sis, claiming that NIDDM is mainly the
result of environmental determinants and
that genetic factors play little or no role
(37).

Dowse et al. (127), Waldhausl
and Fasching (128), and McCance et al.
(129) have questioned this interpretation.
Paradoxically, the data provided to sup-
port the thrifty phenotype concept are
also consistent with the thrifty genotype
hypothesis. It is likely that the fetuses car-
rying a thrifty gene in an environment of
intra-uterine malnutrition were more
likely to survive (128,129). This possibil-
ity is, in fact, consistent with the thrifty
genotype and is based on the proposal
that the U.K. study (126) is of necessity

limited to survivors (small infants geneti-
cally predisposed to insulin resistance
and NIDDM), and the thrifty phenotype
hypotheses takes no account of the high
mortality associated with a low birth
weight.

The Pima Indians show a U-
shaped association between birth weight
and subsequent NIDDM, with highest di-
abetes prevalence in both high and low
birth weight infants (129). However, dia-
betes associated with low birth weight
only accounts for 6% of diabetes in this
population. This suggests that irrespec-
tive of the mechanism of the low birth
weight association, it is not a major con-
tributor to NIDDM frequency.

CONCLUSIONS

Implications for research and
clinical practice
In the past, diabetes presenting in adult
life was usually assumed to be NIDDM. It
is clear that this was an oversimplifica-
tion, and the true situation is much more
complex (3,7-9). While the majority of
adults with diabetes do have lifestyle-
associated NIDDM with or without the
Metabolic Syndrome (18), a significant
percentage, ~ 10-20%, have LADA with
its insidious-onset of insulin dependency.
The remainder have hypoinsulinemia due
to specific gene mutations (an estimated
2-4%), the most common of which is glu-
cokinase, or one of the other numerically
less important forms of diabetes.
Research issues. Testing for anti-GAD,
and indeed gene mutations, will become
very important for researchers studying
NIDDM. Adults within any experimental
group are likely to have different etiolo-
gies for their diabetes, and this is likely to
affect both the results and the interpreta-
tion of epidemiological, genetic, and clin-
ical research studies. Apart from the ne-
cessity to define diabetes correctly from
an epidemiological perspective, the total
success of the current thrust to define cru-
cial genes for both IDDM and NIDDM de-
pends on this.

To date, we have failed the genet-

icists badly, providing samples from pa-
tients who may not be truly representa-
tive of IDDM and NIDDM. The geneticists
regard diabetes as a nightmare (120), and
it is no wonder when one considers that
clinicians have been asking them to find
the diabetes gene(s) yet supplying them
with samples from poorly defined groups.
The search for the gene(s) is already hard
enough without this additional handicap.
Furthermore, a major problem presented
by the poor classification of diabetes in
adults is that many clinical research stud-
ies on NIDDM may be fatally flawed.
Therapeutic trials of new oral agents,
studies of the impact of improved meta-
bolic control, and other clinical studies of
NIDDM are likely to have been polluted
by the inclusion of adults with slowly pro-
gressing IDDM.

Management issues. The fact that the
anti-GAD assay has an important role
now in differentiation of adult diabetes
should see its use expand. The immuno-
fluorescent test for ICA has major draw-
backs that have limited its widespread use
(47,55). It is time consuming and difficult
to standardize and reproduce consistently
in all but a limited number of centers, and
it is dependent on a continuous supply of
human pancreatic tissue.

There is already a defined clinical
utility for the anti-GAD assay in NIDDM
and GDM, as has been discussed earlier.
Several publications from our group
highlight the fact that at least 10-15% of
adult patients presenting with diabetes
and considered to have NIDDM on clini-
cal grounds (7,55,63,64) have a natural
history proceeding to insulin dependency
over a period of months or years. This
group has been shown to have IDDM, but
in a slowly evolving form, i.e., LADA. We
have already demonstrated that testing
for anti-GAD is superior to the tradition-
ally used ICA in distinguishing those
adult-onset diabetics who fit into the
IDDM or LADA category (7), and there
seems no reason to believe that this would
not also be the case in GDM.

There now arises a very important
practical and clinical question as to
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whether anti-GAD measurements should
be performed routinely in NIDDM and
GDM at the time of diagnosis. On the ba-
sis of a number of studies in different pop-
ulations (9,14,55,63-66), it would seem
that testing for anti-GAD should be a reg-
ular procedure in adult nonobese diabetic
patients to assist with correct classifica-
tion and appropriate therapy. Evidence is
mounting to suggest that anti-GAD
should also be measured routinely in
GDM (13,111,112,130).

This has important implications
for prevention, particularly for making
the distinction between NIDDM and con-
ditions such as LADA (55) and YODM
(3). The former requires a healthy lifestyle
intervention (131), while the latter two
may require immune intervention, i.e.,
similar to that for childhood IDDM (68).

The prevention of diabetes in adults
IDDM. Prevention of IDDM is dealt with
in greater detail elsewhere (4,39,68,132),
but current strategies include nicoti-
namide, cyclosporine and other immuno-
suppressive agents, insulin, GAD, and tu-
berculin. As GAD65 can be produced in
large amounts through recombinant gene
technology, it should soon be possible to
test whether treatment with GAD will
preserve residual /3-cell function, halt the
autoimmune process, and indeed,
progress to overt clinical IDDM.

LADA can be identified using the
anti-GAD assay since a high proportion
(70-80%) are likely to be positive
(9,14,55). Their identification could lead
to the earlier institution of insulin ther-
apy, with preservation of residual j8-cell
function. This, in turn, may permit better
metabolic control of diabetes, possibly re-
ducing the risk of long-term microvascu-
lar complications of diabetes (68).

Similarly, the identification of a
subgroup of patients with GDM who are
positive for anti-GAD has the same impli-
cations. These women would be the sub-
set most likely to develop IDDM at a later
time (13,111,112). In addition, they are
the group most likely to require and ben-

efit from insulin therapy during preg-
nancy (13).
NIDDM. As for prevention of NIDDM,
the thrifty gene scenario provides real
hope. A trait that was previously advanta-
geous and allowed survival during fam-
ine, i.e., favored conservation and storage
of energy as fat, now leads to insulin re-
sistance, NIDDM, and obesity in times of
affluence (36). Thus, healthy diet and ex-
ercise resulting in reduced energy intake
and increased energy expenditure pro-
vide the logical means of prevention
(39,131).

There are no detailed published
studies yet of successful population-
based intervention for IGT and NIDDM.
Two studies, one in Australian Aborigines
(133) and the other in native Hawaiians
(134), have demonstrated the potential
benefits of a return to traditional dietary
patterns in terms of improved CVD risk
factor profile, including blood glucose
and lipids. A recent dietary intervention
study in primates (135) and several exer-
cise intervention studies (136-140) pro-
vide evidence that such interventions
could be successful in a community set-
ting. Hansen and Bodkin (135) have
shown that caloric restriction that main-
tains lean body weight in adult monkeys
with a high propensity to develop obesity
and NIDDM can substantially delay and
possibly prevent NIDDM. As the majority
of cases of NIDDM appear to be lifestyle
related (19), NIDDM could be seen as an
exercise-deficiency or dietary excess dis-
order and is potentially preventable
through the pursuit of a healthy way of
life (131).

No large-scale studies have yet
been published that show that a healthy
lifestyle intervention can prevent IGT
and/or NIDDM. However, the prelimi-
nary results of a successful diet and exer-
cise intervention in China have recently
been reported (142). Here, the incidence
of IGT to NIDDM was reduced by a third
in the intervention group compared with
control subjects. Given the projected ep-
idemic of diabetes in China (15,16), the
largest population in the world, such a

cost-effective intervention provides good
news.

We have also demonstrated that a
similar community-based lifestyle ap-
proach in Mauritius could reduce some of
the key risk-factor determinants for
NIDDM and CVD (140). This nation has
close to the highest rates for NIDDM and
CVD in the world (88).

What is clear is that epidemiolog-
ical studies have provided a basis for un-
derstanding the environmental determi-
nants of NIDDM. However, molecular
genetic research directed at linking sus-
ceptibility to putative gene(s) has a vital
role in determining high-risk individuals,
the group where more targeted interven-
tion would be possible for the primary
prevention of NIDDM.

A high priority that remains is the
research needed to help with a scientifi-
cally based classification of the diabetes

Table 5—Proposed new classification of
diabetes for debate, not including IGT and
allied disorders

IDDM
Known genetic contribution: HLA-DR and

-DQ
• Acute-onset
• LADA
• Nonautoimmune

NIDDM
Known genetic contribution (sufficiently

proven)
• Glucokinase
• Mitochondrial DNA
• Insulin receptor
• Insulin gene

Unknown genetic basis (in most cases)
• Insulin resistance
• Insulin secretory defect

GDM (e.g., transitory)
• Transitory
• Insulin-dependent
• Non-insulin-dependent

Other types x

• Pancreatic
• Endocrine
• Malnutrition-related, etc.
• Drug-induced
• Rare genetic syndromes, etc.
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syndrome, as the current means for sepa-
rating IDDM and NIDDM for both clini-
cians and researchers is based on rather
thin ice. A starting point for this is the
classification featured in Table 5.

This proposal results from the
crystal ball gazing of my colleagues Gary
Dowse, Peter Bennett, and Leif Groop as
well as myself. This attempts to separate
IDDM and NIDDM more clearly to aid
investigators, and it is clear that the WHO
classification (38) is now in need of ur-
gent revision. Until this happens, the
many faces of diabetes, both genotypi-
cally and phenotypically, will continue to
frustrate those striving so hard to treat
and prevent this increasing global prob-
lem.

Acknowledgements— These studies were
supported by the National Institute of Diabe-
tes and Kidney Diseases Grant DK-25446.

I acknowledge the considerable and dedi-
cated contributions of my colleagues and col-
laborators, G. Dowse, V. Collins, I. Mackay,
M. Rowley, T. Tuomi, A. Hodge, A. Hum-
phrey, D. McCarty, and Q.-Y. Chen, and the
continuing support, collaboration, and stimu-
lating interchanges with H. Keen, M. Harris,
W. Knowles, K.G.G.M. Alberti, J. Tuomilehto,
J. Skyler, J. Nerup, L. Kuller, R. LaPorte, P.
Bennett, L. Groop, S. Baba, H. King, S. Ser-
jeantson, and J. Hoet. I would also like to
thank all of my collaborators in various coun-
tries including L. Kuller, H. Lebovitz, M. Ban-
erji, R. Elliott, L. Groop, N. Beischer, R. Scott,
J. Willis, Pan Xi-oren, C. Cockram, J. Chan, C.
Verge, N. Howard, G. Byrne, T. Jones, A. Vi-
chanyrat, H.K. Min and Y. Park in relation to
our research activities in the anti-GAD arena. I
also wish to thank L. Anderson and S. Fournel
for valuable secretarial support and R. Spark
for dedicated laboratory support.

References
1. World Health Organization: WHO Ex-

pert Committee on Diabetes Mellitus. Sec-

ond Report. Geneva, World Health Org.,
1980 (Tech. Rep. Ser., No. 646), p. 8-12

2. National Diabetes Data Group: Classifi-
cation and diagnosis of diabetes mellitus
and other categories of glucose intoler-

ance. Diabetes 28:1039-1057, 1979
3. Orchard TJ: From diagnosis and classifi-

cation to complications and therapy. Di-
abetes Care 17:326-338, 1994

4. Atkinson MA, Maclaren NK: The patho-
genesis of insulin-dependent diabetes
mellitus. N EnglJ Med 331:1428-1436,
1994

5. Nerup J, Mandrup-Poulsen T, Helqvist
S, Andersen HU, Pociot F, Reimers JI,
Cuartero BG, Karlsen AE, Bjerre U,
Lorenzen T: On the pathogenesis of
IDDM. Diabetologia 37 (Suppl. 2):S82-
S89,1994

6. Molbak AC, Christau B, Marner B,
Borch-Johnsen K, Nerup J: Incidence of
insulin-dependent diabetes mellitus in
age groups over 30 years in Denmark.
DiabeticMed 11:650-655, 1994

7. Gleichmann H, Zorcher B, Greulich B,
Gries FA, Henrichs HR, Bertrams J, Kolb
H: Correlation of islet cell antibodies and
HLA-DR phenotypes with diabetes melli-
tus in adults. Diabetologia 27:90-92,1984

8. Groop LC, Bottazzo GF, Doniach D: Islet
cell antibodies identify latent type I dia-
betes in patients aged 35-75 years at di-
agnosis. Diabetes 35:237-241, 1986

9. Tuomi T, Groop LC, Zimmet PZ, Rowley
MJ, Knowles W, Mackay IR: Antibodies
to glutamic acid decarboxylase reveal la-
tent autoimmune diabetes mellitus in
adults with a non-insulin-dependent
onset of disease. Diabetes 42:359-362,
1993

10. Bottazzo GF: Banting Lecture: on the
honey disease: a dialogue with Socrates.
Diabetes 42:778-800, 1993

11. Clare-Salzler MJ, Tobin AJ, Kaufman
DL: Glutamate decarboxylase: an au-
toantigen in IDDM. Diabetes Care 15:
132-135, 1992

12. Rowley MJ, Mackay IR, Chen Q-Y,
Knowles WJ, Zimmet P: Antibodies to
glutamic acid decarboxylase discrimi-
nate major types of diabetes mellitus. Di-
abetes 41:548-551, 1992

13. Tuomilehto J, Zimmet P, Mackay IR, Ko-
skela P, Vidgren G, Tolvanen L, Tuom-
ilehto-Wolf E, Kohtamaki K, StengardJ,
Rowley MJ: Antibodies to glutamic acid
decarboxylase as predictors of insulin-
dependent diabetes mellitus before the
clinical onset of the disease. Lancet 343:

1383-1385, 1994
14. Hagopian WA, Karlsen AE, Gottsater A,

Landin-Olsson M, Grubin CE, Sund-
kvist G, Petersen JS, Boel E, Dyrberg T,
Lernmark A: Quantitative assay using
recombinant human islet glutamic acid
decarboxylase (GAD65) shows that 65K
autoantibody positivity at onset predicts
diabetes type. J Clin Invest 91:368-374,
1993

15. Zimmet P: Diabetes care and prevention:
around the world in 80 days. In Diabetes
1991. Rifkin H, Colwell JA, Taylor SI,
Eds. New York, Elsevier, 1991, p. 721-
729

16. McCarty D, Zimmet P: Diabetes 1994 to
2010: Global Estimates of Projections. Mel-

bourne, Australia, International Diabe-
tes Institute, 1994

17. Diamond JM: Diabetes running wild.
Nature 357:362-363, 1992

18. Zimmet P: Non-insulin-dependent
(Type 2) diabetes mellitus—does it re-
ally exist? Diabetic Med 6:728-735,
1989

19. Zimmet P: Kelly West Lecture 1991
challenges in diabetes epidemiology—
from west to the rest. Diabetes Care 15:
232-252, 1992

20. Zimmet P: Hyperinsulinemia—how in-
nocent a bystander. Diabetes Care 16
(Suppl. 3):56-70, 1993

21. Reaven GM: Role of insulin resistance in
human disease. Diabetes 37:1595-1607,
1988

22. Zimmet P: Type 2 (non-insulin-depen-
dent) diabetes—an epidemiological
overview. Diabetologia 22:399-411,
1982

23. Koestler A: The Call Girls. London, Pan
Books, 1976

24. Temple RC, Carrington CA, Luzio SD,
Owens DR, Schneider AE, Sobey WJ,
Hales CN: Insulin deficiency in non-
insulin-dependent diabetes. Lancet
1:293-295, 1989

25. Velho G, Froguel P, Clement K, Pueyo
ME, Rakotoambinina B, Zouali H, Passa
P, Cohen D, Robert J-J: Primary pancre-
atic beta-cell secretory defect caused by
mutations in glucokinase gene in kin-
dreds of maturity onset diabetes of the
young. Lancet 340:444-448, 1992

26. DeFronzo RA: Lilly Lecture 1987: the

1060 DIABETES CARE, VOLUME 18, NUMBER 7, JULY 1995

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/18/7/1050/444161/18-7-1050.pdf by guest on 10 April 2024



Zimmet

triumvirate: /3-cell, muscle, liver: a col-
lusion responsible for NIDDM. Diabetes
37:667-687, 1988

27. Sicree RA, Zimmet PZ, King HOM, Cov-
entryJS: Plasma insulin response among
Nauruans: prediction of deterioration in
glucose tolerance over 6 yrs. Diabetes 36:
179-186, 1987

28. Reaven G, Miller R: Study of the rela-
tionship between glucose and insulin re-
sponses to an oral glucose load in man.
Diabetes 17:560-569, 1968

29. Bell GI: Lilly Lecture 1990: Molecular
defects in diabetes mellitus. Diabetes 40:
413-422,1991

30. Taylor SI, Cama A, Accili D, Barbetti F,
Quon MJ, Sierra ML, Suzuki Y, Roller E,
Levy Toledano R, Wertheimer E,
Moncada VY, Kadowaki H, Kadowaki T:
Mutations in the insulin receptor gene.
EndocrRev 13:566-595, 1992

31. Vionnet N, Stoffel M, Takeda J, Yasuda
K, Bell Gl, Zooali H, Lesage S, Velho G,
Iris F, Passa PH, Froguel PH, Cohen D:
Nonsense mutation in the glucokinase
gene causes early-onset non insulin-
dependent diabetes mellitus. Nature
356:721-722, 1992

32. Alcolado JC, Majid A, Brockington M,
Sweeney MG, Morgan R, Rees A, Hard-
ing AE, Barnett AH: Mitochondrial gene
defects in patients with NIDDM. Diabe-
toiogia 37:372-376, 1994

33. Harris MI, Zimmet P: Classification of
diabetes mellitus and other categories of
glucose intolerance. In The International
Textbook of Diabetes Mellitus. Keen H,

DeFronzo R, Alberti KGMM, Zimmet P,
Eds. London, Wiley, 1992, p. 3-18

34. Bennett PH, Bogardus C, Zimmet P,
Tuomilehto J: The epidemiology of non-
insulin dependent diabetes—non-obese
and obese. In International Textbook of
Diabetes Mellitus. Alberti KGMM, De-
Fronzo R, Keen H, Zimmet P, Eds. Lon-
don, Wiley, 1992, p. 147-176

35. Persson B, Hanson U, Lunell N-O: Dia-
betes mellitus and pregnancy. In Inter-
national Textbook of Diabetes Mellitus.
Keen H, DeFronzo R, Alberti KGMM,
Zimmet P, Eds. London, Wiley, 1992, p.
1085-1102

36. Dowse G, Zimmet P: The thrifty geno-
type in non-insulin-dependent diabetes:

the hypothesis survives (Editorial). Br
Medf 306:532-533, 1993

37. Hales CN, Barker DJP: Type 2 (non-
insulin-dependent) diabetes mellitus:
the thrifty phenotype hypothesis. Diabe-
to/ogia 35:595-601,1992

38. World Health Organization: Diabetes
Mellitus: Report of a WHO Study Group.

Geneva, World Health Org., 1985
(Tech. Rep. Ser.,no. 727)

39. World Health Organization: Prevention of
Diabetes Mellitus. Geneva, World Health
Org., 1994 (Tech. Rep. Ser., no. 844)

40. Kahn CR: Banting Lecture: insulin action,
diabetogenes, and the cause of type II dia-
betes. Diabetes 43:1066-1084,1994

41. Taylor SI, Accili D, Imai Y: Perspectives
in diabetes: insulin resistance or insulin
deficiency: which is the primary cause of
NIDDM? Diabetes 43:735-740, 1994

42. Bottazzo GF, Florin-Christensen A,
Doniach D: Islet cell antibodies in diabe-
tes mellitus with autoimmune polyen-
docrine deficiencies. Lancet ii: 1279—
1282,1974

43. Palmer JP, Asplin CM, Clemons R, Lyon
K, Iaipati O, Raghu P, Paquette TL: In-
sulin antibodies in insulin dependent di-
abetes before insulin treatment. Science
222:1337-1339, 1983

44. Baekkeskov S, Nielsen JH, Marner B,
Bilde T, Ludvigsson J, Lernmark A: Au-
toantibodies in newly diagnosed dia-
betic children immunoprecipitate hu-
man pancreatic islet cell proteins. Nature
298:167-169, 1982

45. Karjalainen J, Salmela P, Ilonen J, Surcel
H-M, Knip M: A comparison of child-
hood and adult type I diabetes mellitus.
NEnglJMed 320:881-885, 1989

46. Baekkeskov S, Aanstoot H-J, Christgau
S, Reetz A, Solimena M, Cascalho M,
Folli F, Richter-Olesen H, Camilli P-D:
Identification of the 64K autoantigen in
insulin-dependent diabetes as the GABA-
synthesizing enzyme glutamic acid decar-
boxylase. Nature 347:151-156,1990

47. Palmer JP: Predicting IDDM: use of hu-
meral immune markers. Diabetes Rev
1:104-115,1993 .

48. Karlsen AE, Hagopian WA, Petersen JS,
Boel E, Dyrberg T, Grubin CE, Mich-
elsen BK, Madsen OD, Lernmark A: Re-
combinant glutamic acid decarboxylase

(representing the single isoform ex-
pressed in human islets) detects IDDM-
associated 64,000 Mr autoantibodies.
Diabetes 41:1355-1359, 1992

49. Chen Q-Y, Rowley MJ, Bryne GC, Jones
TW, Tuomi T, Knowles WJ, Zimmet PZ,
Mackay IR: Antibodies to glutamic acid
decarboxylase in Australian children
with insulin-dependent diabetes melli-
tus and their first-degree relatives. Pedi-
atric Res 34:785-790, 1993

50. Verge CF, Howard NJ, Rowley MJ,
Mackay IR, Zimmet PZ, Egan M, Hulin-
ska H, Hulinsky I, Silvestrini RA, Ka-
math S, Sharp A, Arundel T, Silink M:
Anti-glutamate decarboxylase and other
antibodies at the onset of childhood
IDDM: a population-based study. Diabe-
tologia 37:1113-1120, 1994

51. Zimmet PZ, Elliott RB, Mackay IR,
Tuomi T, Rowley MJ, Pilcher CC,
Knowles WJ: Autoantibodies to glu-
tamic acid decarboxylase and insulin in
presymptomatic insulin-dependent dia-
betes mellitus: frequency and segrega-
tion by age and gender. Diabetic Med 11:
866-871, 1994

52. Scott RS, Brown LJ: Prevalence and inci-
dence of insulin-treated diabetes melli-
tus in adults in Canterbury, New Zeal-
and. Diabetic Med 8:1-8, 1991

53. Libman I, Songer T, LaPorte R: How
many people in the U.S. have IDDM?
(Commentary) Diabetes Care 16:841-
842,1993

54. Tarn AC, Thomas JM, Dean BM, Ingram
D, Schwartz G, Bottazzo GF: Predicting
insulin-dependent diabetes. Lancet
i:845-850, 1988

55. Zimmet PZ, Tuomi T, Mackay IR, Row-
ley MJ, Knowles W, Cohen M, Lang DA:
Latent autoimmune diabetes mellitus in
adults (LADA)—the role of antibodies to
glutamic acid decarboxylase in diagnosis
and prediction of insulin dependency.
Diabetic Med 11:299-303, 1994

56. Zimmet P, Rowley M, Mackay I,
Knowles WJ, Chen Q-Y, Chapman LH,
Serjeantson SW: The ethnic distribution
of antibodies to glutamic acid decarbox-
ylase: presence and levels in insulin-
dependent diabetes mellitus in Europid
and Asian subjects. J Diabetic Complica-
tions 7:1-7, 1993

DIABETES CARE, VOLUME 18, NUMBER 7, JULY 1995 1061

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/18/7/1050/444161/18-7-1050.pdf by guest on 10 April 2024



The many faces of diabetes in adults

57. Tuomi T, Zimmet P, Rowley MJ, Min
HK, Vichayanrat A, Lee HK, Rhee BD,
Vannasaeng S, Humphrey ARG, Mackay
IR: Differing frequency of autoantibodies
to glutamic acid decarboxylase among
Koreans, Thais and Australians with di-
abetes mellitus. Clin Immunol Immuno-
pathol 74:202-206, 1995

58. Tuomi T, Zimmet PZ, Rowley MJ, Ser-
jeantson SW, Mackay IR: Persisting an-
tibodies to GAD in IDDM are not asso-
ciated with neuropathy. Diabetologia 36:
685,1993

59. Kaufman DL, Erlander MG, Clare-Sal-
zler, Atkinson MA, Maclaren NK, Tobin
AJ: Autoimmunity to two forms of glu-
tamate decarboxylase in insulin-depen-
dent diabetes mellitus. J Clin Invest 89:
283-292, 1992

60. Harris MI: Undiagnosed NIDDM: clini-
cal and public health issues. Diabetes
Care 16:642-652, 1993

61. King H, Rewers M, WHO Ad Hoc Dia-
betes Reporting Group: Global estimates
for prevalence of diabetes mellitus and
impaired glucose tolerance in adults. Di-
abetes Care 16:157-177, 1993

62. Banerji MA, Chaiken RL, Huey H,
Tuomi T, Norin AJ, Mackay IR, Rowley
MJ, Zimmet PZ, Lebovitz HE: GAD anti-
body negative NIDDM in adult black
subjects with diabetic ketoacidosis and
increased frequency of human leukocyte
antigen DR3 and DR4: flatbush diabetes.
Diabetes 43:741-745, 1994

63. Scott R, Willis J, Brown L, Forbes L,
Schmidzi R, Zimmet P, Mackay I, Row-
ley M: Antibodies to glutamic acid de-
carboxylase (GAD) predict insulin-defi-
ciency in adult onset diabetes mellitus.
Diabetes 42 (Suppl. l):220A, 1993

64. Zimmet PZ, Shaten BJ, Kuller LH, Row-
ley MJ, Knowles WJ, Mackay IR: Anti-
bodies to glutamic acid decarboxylase
and diabetes mellitus in the multiple risk
factor intervention trial. Am J Epidemiol
140:683-690, 1994

65. Yeung V, Chan JCN, Chow CC, Zimmet
P, Cockram CS: Antibodies to glutamic
acid decarboxylase (anti-GAD) in Chi-
nese IDDM patients. In Proceedings of the
15th International Diabetes Federation
Congress, Kobe, Japan, 1994. (Abstract) p.
432

66. Kawasaki E, Takino H, Yano M, Uotani
S, Matsumoto K, Takao Y, Yamaguchi Y,
Akazawa S, Nagataki S: Autoantibodies
to glutamic acid decarboxylase in pa-
tients with IDDM and autoimmune thy-
roid disease. Diabetes 43:80-86, 1994

67. Groop L, Miettinen A, Groop PH, Meri
S, Koskimies S, Bottazzo GF: Organ-
specific auto-immunity and HLA-DR
antigens as markers for B-cell destruc-
tion in patients with type 2 diabetes. Di-
abetes 37:99-103, 1988

68. Skyler JS, Marks JB: Immune interven-
tion in type 1 diabetes mellitus. Diabetes
Rev 1:15-42, 1993

69. Froguel P, Zouali H, Vionnet N, Velho
G, Vaxillaire M, Sun F, Lesage S, Butel
MO, Stoffel M, Takeda J, Robert JJ, Passa
P, Permutt MA, Beckmann JS, Bell GI,
Cohen D: Familial hyperglycaemia due
to mutations in glucokinase: definition
of a new subtype of non-insulin-depen-
dent (type 2) diabetes mellitus. N EnglJ
Med 328:697-702, 1993

70. Groop LC, Kankuri M, Schalin-Jantti C,
Ekstrand A, Nikula-Ijas P, Widen E,
Kuismanen E, Eriksson J, Franssila-
Kallunki A, Saloranta C, Koskimies S:
Association between polymorphism of
the glycogen synthase gene and non-
insulin-dependent diabetes mellitus. N
EnglJ Med 328:10-14, 1993

71. McCarthy MI, Froguel P, Hitman GA:
The genetics of non-insulin-dependent
diabetes mellitus: tools and aims. Diabe-
tologia 37:959-968, 1994

72. Baker WA, Dowse G, Zimmet P, Ser-
jeantson SW: Population and pedigree
analysis of Micronesians of eight loci
contributing to lipid metabolism in
NIDDM. In Diabetes 1991. Rifkin H, Col-
well JA, Taylor SI, Eds. Amsterdam,
Elsevier, 1992, p. 220-224

73. Baker WA, Hitman GA, Hawrami K, Mc-
Carthy MI, Riikonen A, Tuomilehto-
Wolf E, Nissinen A, Tuomilehto J, Mo-
han V, Viswanathan M, Snehalatha C,
Ramachandran A, Dowse GK, Zimmet P,
Serjeantson SW: Apolipoprotein gene
polymorphism; a new genetic marker
for type 2 (non-insulin-dependent) dia-
betic subjects in Nauru and South India.
Diabetic Med 11:947-952, 1994

74. Bell GI, Xiang K-S, Newman MV, Wu

S-H, Wright LG, Fajans SS, Spielman
RS, Cox NJ: Gene for noninsulin-depen-
dent diabetes mellitus (maturity-onset
diabetes of the young subtype) is linked
to DNA polymorphism on human chro-
mosome 20q. Proc Natl head Sex USA 88:
1484-1488, 1991

75. Matschinsky FM: Glucokinase as glu-
cose sensor and metabolic signal gener-
ator in pancreatic beta-cells and hepato-
cytes. Diabetes 39:647-652, 1990

76. Cox NJ, Kun-San X, Fajans SS, Bell GI:
Mapping diabetes-susceptibility genes:
lessons learned from search for DNA
marker for maturity-onset diabetes of
the young. Diabetes 41:40.1-407, 1992

77. Reardon W, Ross RJM, Sweeney MG,
Luxon LM, Pembrey ME, Harding AE,
Trembath RC: Diabetes mellitus associ-
ated with a pathogenic point mutation in
mitochondrial DNA. Lancet 340:1376-
1379,1992

78. van den Ouweland JMW, Lemkes HHPJ,
Trembath RC, Ross R, Velho G, Cohen
D, Froguel P, Maasen A: Maternally in-
herited diabetes and deafness is a dis-
tinct subtype of diabetes and associates
with a single point mutation in the mi-
tochondrial tRNALeu(UUR) gene. Diabetes
43:746-751,1994

79. Katagiri H, Asano T, Ishihara H, Inukai
K, Anai M, Yamanouchi T, Tsukuda K,
Kikuchi M, Kitaoka H, Ohsawa N,
Yazaki Y, Oka Y: Mitochondrial diabetes
mellitus: prevalence and clinical charac-
terization of diabetes due to mitochon-
drial tRNALeu(UUR) gene mutation in
Japanese patients. Diabetologia 37:504-
510,1994

80. Kadowaki T, Kadowaki H, Mori Y, Tobe
K, Sakuta R, Suzuki Y, Tanabe Y, Sakura
H, Awata T, Goto Y-I, Hayakawa T, Mat-
suoka K, Kawamori R, Kamada T, Horai
S, Nonaka I, Hagura R, Akanuma Y,
Yazaki Y: A subtype of diabetes mellitus
associated with a mutation of mitochon-
drial DNA. N EnglJ Med 330:962-968,
1994

81. Luft R, Ikkos D, Palmieri G, Ernster L,
Afzelius B: A case of severe hypermetab-
olism of nonthyroid origin with a defect
in the maintenance of mitochondrial re-
spiratory control: a correlated clinical,
biochemical and morphological study. J

1062 DIABETES CARE, VOLUME 18, NUMBER 7, JULY 1995

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/18/7/1050/444161/18-7-1050.pdf by guest on 10 April 2024



Zimmet

Clin Invest 41:1776-1804, 1962
82. Luft R: The development of mitochon-

drial medicine. Proc Natl Acad Sri USA
91:8731-8738,1994

83. Dowse GK, Spark RA, Mavo B, Hodge
AM, Erasmus RT, Gwalimu M, Knight
LT, Koki G, Zimmet PZ: Extraordinary
prevalence of non-insulin-dependent
diabetes mellitus and bimodal plasma
glucose distribution in the Wanigela
people of Papua New Guinea. MedJ Aust
160:767-774, 1994

84. Zimmet P, Dowse G, Finch C, Serjeant-
son S, King H: The epidemiology and
natural history of NIDDM—lessons
from the South Pacific. Diabetes Metab
Rev 6:91-124, 1990

85. Williams DRR, Moffitt PS, Fisher JS,
Bashir HV: Diabetes and glucose toler-
ance in New South Wales coastal Ab-
origines: possible effects of non-Aborig-
inal genetic admixture. Diabetologia 30:
72-77, 1978

86. O'Dea K: Westernisation, insulin resis-
tance and diabetes in Australian Aborig-
ines. MedJ Aust 155:258-264, 1991

87. Harris Ml, Hadden WC, Knowler WC,
Bennett PH: Prevalence of diabetes and
impaired glucose tolerance and plasma
glucose levels in U.S. population aged
20-74 yr. Diabetes 36:523-534, 1987

88. Dowse GK, Gareeboo H, Zimmet PZ, Al-
berti KGGM, Tuomilehto J, Fareed D, Bris-
sonnette LG, Finch CF: High prevalence of
NIDDM and impaired glucose intolerance
in Indian, Creole and Chinese Mauritians.
Diabetes 39:390-396,1990

89. Hamman RF: Genetic and environmen-
tal determinants of non-insulin-depen-
dent diabetes mellitus (NIDDM). Diabe-
tes Metab Rev 8:287-338, 1992

90. Glatthaar C, Welborn TA, Stenhouse
NS, Garcia-Webb P: Diabetes and im-
paired glucose tolerance: a prevalence
estimate based on the Busselton 1981
survey. Med] Aust 143:436-440, 1985

91. Pan X-r, Hu Y-H, Li G-W, Liu P-A, Ben-
nett PH, Howard BV: Impaired glucose
tolerance and its relationship to ECG-
indicated coronary heart disease and
risk factors among Chinese. Diabetes
Care 16:150-156, 1993

92. Zimmet P, Dowse G: Type 2 diabetes
mellitus—epidemiology and natural

history. In Proceedings of the 3rd Interna-

tional Symposium on Type 2 Diabetes Mel-

litus. Bussum, The Netherlands, Medi-
com Europe, 1993

93. Neel JV: Diabetes mellitus: a thrifty geno-
type rendered detrimental by "prog-
ress"? Am] Hum Genet 14:353-362,1962

94. Ferrannini E, Haffner SM, Mitchell BD,
Stern MP: Hyperinsulinaemia: the key
feature of a cardiovascular and meta-
bolic syndrome. Diabetologia 34:416-
422,1991

95. Zimmet PZ, Collins VR, Dowse GK, Al-
berti KGMM, Tuomilehto J, Knight LT,
Gareeboo H, Chitson P, Fareed D: Is hy-
perinsulinaemia a central characteristic
of a chronic cardiovascular risk factor
syndrome? Mixed findings in Asian In-
dian, Creole and Chinese Mauritians.
DiabeticMed 11:388-396, 1994

96. Kaplan NM: The deadly quartet: upper-
body obesity, glucose intolerance, hy-
per triglyceridaemia, and hypertension.
Arch Intern Med 149:1514-1520, 1989

97. DeFronzo RA, Ferrannini E: Insulin
resistance: a multifaceted syndrome re-
sponsible for NIDDM, obesity, hyper-
tension, dyslipidemia and atheroscle-
rotic cardiovascular disease. Diabetes
Care 14:173-194, 1991

98. Banerji MA, Lebovitz HE: Insulin-sensi-
tive and insulin-resistant variants in
NIDDM. Diabetes 38:784-792, 1989

99. Haffner SM, Valdez RA, Hazuda HP,
Mitchell BD, Morales PA, Stern MP: Pro-
spective analysis of the insulin-resis-
tance syndrome (syndrome X). Diabetes
41:715-722, 1992

100. O'Dea K, Lion RJ, Lee A, Traianedes K,
Hopper JL, Rae C: Diabetes, hyperinsu-
linemia and hyperlipidemia in small Ab-
original community in Northern Austra-
lia. Diabetes Care 13:830-835, 1990

101. Zimmet P, Serjeantson S: The epidemi-
ology of diabetes mellitus and its rela-
tionship with cardiovascular disease. In
New Aspects in Diabetes. Lefebvre PJ,

Standl E, Eds. Berlin, Walter de Gruyter,
1992, p. 5-21

102. Zimmet P: The epidemiology of diabetes
mellitus and associated disorders. In The
Diabetes Annual/6. Alberti KGMM, Krall
LP, Eds. Amsterdam, Elsevier, 1991, p.
1-19

103. Panzram G: Mortality and survival in type
2 (non-insulin-dependent) diabetes melli-
tus. Diabetologia 30:123-131,1987

104. Haffner SM, Stern MP, Hazuda HP,
Mitchell BD, Patterson JK: Cardiovascu-
lar risk factors in confirmed prediabetic
individuals: does the clock for coronary
heart disease start ticking before the on-
set of clinical diabetes? JAMA 263:2893-
2898,1990

105. McPhillips JB, Barrett-Conner E, Wing-
ard DL: Cardiovascular disease risk fac-
tors prior to the diagnosis of impaired
glucose tolerance and non-insulin-de-
pendent diabetes mellitus in a commu-
nity of older adults. Am] Epidemiol 131:
443-453, 1990 .

106. Freinkel N, Metzger BE, Phelps RL,
Dooley SL, Ogata ES, Radvany RM, Bel-
ton A: Gestational diabetes mellitus: het-
erogeneity of maternal age, weight, insu-
lin secretion, HLA antigens and islet cell
antibodies and the impact on maternal
metabolism on pancreatic B-cell and so-
matic development in the offspring. Di-
abetes 34:1-7, 1985

107. McEvoy RC, Franklin B, Ginsberg-Fell-
ner F: Gestational diabetes mellitus: ev-
idence for autoimmunity against the
pancreatic beta cells. Diabetologia 34:
507-510, 1991

108. Ginsberg-Fellner F, Mark EM, Neche-
mias C, Hausknecht RU, Rubinstein P,
Dobersen MJ, Notkins AL: Islet cell anti-
bodies in gestational diabetes. Lancet ii:
362-363, 1980

109. Rubinstein P, Walker M, Krassner J,
Carrier C, Carpenter C, Dobersen MJ,
Notkins AL, Mark EM, Nechemias C,
Hausknecht RU, Ginsberg-Fellner F:
HLA antigens and islet cell antibodies in
gestational diabetes. Hum Immunol
3:271-275, 1981

110. Freinkel N, Metzger BE: Gestational di-
abetes: problems in classification and
implications for long-range prognosis.
In Comparison of Type I and Type U Dia-

betes: Similarities and Dissimilarities in

Etiology, Pathogenesis, and Complications.

Vranic M, Hollenberg CH, Steiner G,
Eds. New York, Plenum, 1985, p. 47-63

111. Catalano PM, Tyzbur ED, Sims EAH: In-
cidence and significance of islet cell an-
tibodies in women with previous gesta-

DIABETES CARE, VOLUME 18, NUMBER 7, JULY 1995 1063

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/18/7/1050/444161/18-7-1050.pdf by guest on 10 April 2024



The many faces of diabetes in adults

tional diabetes. Diabetes Care 13:478-
482,1990

112. Damm P, Kiihl C, Buschard K, Jakobsen
BK, Svejgaard A, Sodoyez-Goffaux F,
Shattock M, Bottazzo GF, Melsted-Ped-
ersen L: Prevalence and predictive
value of islet cell antibodies and insulin
antibodies in women with gestational
diabetes. Diabetic Med 11:558-563,
1994

113. Freinkel N: Of pregnancy and progeny.
Diabetes 29:1023-1039, 1980

114. Harris Ml: Gestational diabetes may rep-
resent discovery of pre-existing glucose
intolerance. Diabetes Care 11:402-411,
1988

115. Dowse GK, Zimmet PZ, Finch CF, Col-
lins VR: Decline in incidence of epi-
demic glucose intolerance in Nauruans:
implications for the "thrifty genotype."
Am J Epidemiol 133:1093-1104, 1991

116. Shafrir E: Animal models of non-insulin-
dependent diabetes. Diabetes Metab Rev
8:179-208, 1992

117. Barnett M, Collier GR, Zimmet P, O'Dea
K: The effect of restricting energy intake
on diabetes in Psammomys obesus. IntJ
Obesity 18:789-794, 1994

118. O'Dea K, Zimmet P: Thrifty genotypes.
In Causes of Diabetes. Leslie RDG, Ed.

New York, Wiley, 1993, p. 269-290
119. Weatherall D: The role of nature and

nurture in common diseases: Garrod's
Legacy. In The Harveian Oration. Lon-

don, Royal College of Physicians, 1992,
p. 1-21

120. Serjeantson SW, Zimmet P: Genetics of
non-insulin dependent diabetes mellitus
in 1990. Bailliere's Clin Endocrinol Metab

5:477-493, 1991
121. McGarvey ST: The thrifty gene concept

and adiposity studies in biological an-
thropology. J Polynesian Soc 103:29-42,
1994

122. Wendorf M, Goldfme ID: Archeology of
NIDDM: Excavation of the "thrifty" gen-
otype. Diabetes 40:161-165, 1991

123. Pettitt DJ, Knowler WC, Baird R, Ben-
nett PH: Gestational diabetes: infant and
maternal complications of pregnancy in
relation to third-trimester glucose toler-

ance in the Pima Indians. Diabetes Care
3:458-464, 1980

124. Dowse GK, Zimmet PZ, Gareeboo H, Al-
berti KGMM, Tuomilehto J, Finch CF,
Chitson P, Tulsidas H: Abdominal obesity
and physical inactivity as risk factors for
NIDDM and impaired glucose tolerance in
Indian, Creole and Chinese Mauritians.
Diabetes Care 14:271-282,1991

125. Nabarro J: Diabetes in the United King-
dom: some facts and figures. Diabetic
Med 5:816-817, 1988

126. Hales CN, Barker DJP, Clark PMS, Cox
IJ, Fall C, Osmond C, Winter PD: Fetal
and infant growth and impaired glucose
tolerance at age 64. Br Med] 303:1019-
1022,1991

127. Dowse GK, Zimmet PZ, Alberti KGMM:
Infant nutrition and subsequent risk of
Type 2 (non-insulin-dependent) diabe-
tes mellitus. Diabetologia 36:267-268,
1993

128. Waldhausl W, Fasching P: Fetal growth
and impaired glucose tolerance in men
and women. Diabetologia 36:973-974,
1993

129. McCance DR, Pettit DJ, Hanson RL, Jacob-
sson LTH, Knowler WC, Bennett PH: Birth
weight and non-insulin dependent diabe-
tes: thrifty genotype, thrifty phenotype, or
surviving small baby genotype? Br Med J
308:942-945,1994

130. Beischer NA, Wein P, Sheedy MT,
Mackay IR, Rowley MJ, Zimmet P: Prev-
alence of antibodies to glutamic acid de-
carboxylase in women who have had
gestational diabetes. Am] Obstet Gynecol
In press

131. Tuomilehto J, Knowler WC, Zimmet P:
Primary prevention of non-insulin-de-
pendent diabetes mellitus. Diabetes
Metab Rev 8:339-353, 1992

132. Maclaren NK: Diabetes intervention
therapy. J Diabetes Complications 7:151—

156,1993
133. O'Dea K: Marked improvement in car-

bohydrate and lipid metabolism in dia-
betic Australian Aborigines after tempo-
rary reversion to traditional lifestyle.
Diabetes 33:596-603, 1984

134. Shintani T, Hughes CK, Beckham S,

O'Connor HK: Obesity and cardiovas-
cular risk intervention through the ad
libitum feeding of traditional Hawaiian
diet. Am J Clin Nutr 53:1647S-1651S,
1991

135. Hansen BC, Bodkin NL: Primary pre-
vention of diabetes mellitus by preven-
tion of obesity of monkeys. Diabetes 42:
1809-1814, 1993

136. Eriksson K-F, Lindgarde F: Prevention
of type 2 (non-insulin-dependent) dia-
betes mellitus by diet and physical activ-
ity. Diabetologia 34:891-898, 1991

137. Frisch RE, Wyshak G, Albright TE, Al-
bright NL, Schiff I: Lower prevalence of
diabetes in female former college ath-
letes compared with nonathletes. Diabe-
tes 35:1101-1105, 1986

138. Manson JE, Rimm EB, Stampfer MJ,
Colditz GA, Willett WC, Krolewski AS,
Rosner B, Hennekens GH, Speizer FE:
Physical activity and incidence of non-
insulin-dependent diabetes mellitus in
women. Lancet 338:774-778, 1991

139. Schranz AG, Tuomilehto J, Marti B, Jarrett
RJ, Grabaukas V, Vassallo A: Low physical
activity and worsening of glucose toler-
ance: results from a 2-year follow-up of a
population sample in Malta. Diabetes Res
Clin Pract 11:127-136,1991

140. Helmrich SP, Ragland DR, Leung RW,
Paffenbarger RS: Physical activity and re-
duced occurrence of non-insulin-de-
pendent diabetes mellitus. N EnglJ Med
325:147-152, 1991

141. Zimmet PZ, Collins VR, Dowse GK, Al-
berti KGMM, Tuomilehto J, Gareeboo
H, Chitson P: The relationship of physi-
cal activity with cardiovascular disease
risk factors in Mauritians. Am] Epidemiol
134:862-875, 1991

142. Pan Xi-oren, Li G-W, HuY-H, ZuoxinA,
Jixing W, Bennett PH, Howard BV: Ef-
fect of dietary and/or exercise interven-
tions on incidence of diabetes in 530
subjects with IGT—the Da-Qing IGT
and Diabetes Study. In Proceedings oj the
15th International Diabetes Federation
Congress, Kobe, Japan, 1994. (Abstract)
1994, p. 489

1064 DIABETES CARE, VOLUME 18, NUMBER 7, JULY 1995

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/18/7/1050/444161/18-7-1050.pdf by guest on 10 April 2024


