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PREFACE

This volume of the Contemporary Endocrinology series focuses on type 1 diabetes
mellitus, an entity whose incidence is increasing worldwide, particularly in children
aged less than five. Affected individuals carry a life-long burden of dependence on daily
insulin administration that provides imperfect metabolic control with significant acute
consequences of hypoglycemia and more insidious micro- and macrovascular compli-
cations linked to chronic hyperglycemia. Despite intensive research, the disease remains
enigmatic. Although evidence for an autoimmune basis is compelling, not all cases of
type 1 diabetes have autoimmune markers, and not all autoimmune forms have the same
genetic basis. Nevertheless, as recently demonstrated in the parenteral arm of the Dia-
betes Prevention Trial-1 (DPT-1), a combination of immune markers and consistently
diminished first-phase insulin response to glucose can reliably predict the likelihood of
developing clinical diabetes. However, current intervention with parenteral insulin is not
effective in preventing progression at this stage. A reliably effective intervention would
spur population-wide surveys for at-risk individuals, now a practical possibility. Cure by
transplantation of the pancreas or islets is showing great promise as better means become
available to modulate immunity and prevent rejection.

In parallel with these wide-ranging and fundamental basic and clinical investigations,
there is an ongoing transfer of technological innovations in designer insulins, insulin
delivery systems, and the monitoring of glucose. These innovations permit refinement
in managing diabetes mellitus under various circumstances, all aimed at improving the
quality of life and preventing or delaying vascular complications.

The aim of Type I Diabetes: Etiology and Treatment is to fuse these contemporary
investigational and practical issues and make them available to those involved in the
research and practice of type 1 diabetes. This volume is not intended to be a comprehen-
sive or exhaustive treatise on the subject of diabetes. As in many such endeavors, the
pace of discovery often exceeds the ability to incorporate the latest knowledge into
printed text. Nevertheless, we believe that this volume presents contemporary informa-
tion on contemporary issues by recognized authorities in the field. We hope it stimulates
thought and action in the research and care of patients with type 1 diabetes mellitus.

Mark A. Sperling, Mp
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1 Epidemiology of Type 1 Diabetes

Janice S. Dorman, PhD, Ronald E. LalPorte, PiD,
and Thomas ]. Songer, PhD
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INTRODUCTION

Epidemiology is defined as “the study of the distribution and determinants of health-
related states and events in populations, and the applications of this study to the control
of health problems” (/). Epidemiology is the scientific basis of public health. One
might wonder why we should even consider epidemiology for disorders such as type 1
diabetes, as remarkable advances have occurred in basic research during the past few
decades. However, epidemiology has proven to be the mainstay of prevention for infec-
tious and chronic diseases in the United States and across the world during the past
century. To cite an example, life expectancy has increased by approx 25 yr since 1950
(2). The vast majority of this increase (24 of the 25 yr) has been the result of public
health applications of epidemiologic research (3). We believe that the same will hold
true for type 1 diabetes.

Epidemiology will continue as the core science for public health during the new mil-
lennium, in combination with advances in genetics, immunology, and the environmen-
tal sciences. Should it become possible to modify potential etiologic determinants of
type 1 diabetes or implement new interventions (e.g., dietary modifications, islet cell
transplants, gene therapy, etc.), epidemiologic data based on these and other character-
istics will be essential for assessing the efficacy and economic impact of implementing
such strategies. A discussion of these issues, which serve as a model for other multifac-
torial diseases, forms the basis of this chapter.

From: Contemporary Endocrinology: Type 1 Diabetes: Etiology and Treatment
Edited by: M. A. Sperling © Humana Press Inc., Totowa, NJ

3



4 Part I / Etiology

INCIDENCE OF TYPE 1 DIABETES BY PERSON, PLACE, AND TIME

A typical first step for studying the epidemiology of any disorder is the evaluation of
geographic and temporal variations in disease incidence. These investigations require
the development of a standardized epidemiologic approach, for reasons similar to those
that justify the utilization of laboratory standards. To compare results among laborato-
ries, one needs to employ comparable and standardized methodologies. Thus, a stan-
dardized epidemiologic protocol was developed to permit accurate comparisons of the
incidence of type 1 diabetes worldwide. This began in 1983 at an important meeting
held in Philadelphia, PA by the Juvenile Diabetes Foundation (4). At that time, the first
standardized protocol for the development of incidence registries for type 1 diabetes
was outlined. Since then, this protocol has been used by essentially all of the registries
for type 1 diabetes in the world and has permitted direct comparisons of standardized
data regarding the epidemiology of the disease.

Once a standardized protocol was available, the next step was to establish a philoso-
phy of data sharing. Data sharing is rare among most scientists in diabetes, but it has
become the norm among diabetes epidemiologists. These collaborations began with
early studies conducted by the Diabetes Epidemiology Research International (DERI)
Group. In the mid-1980s, all researchers who had existing data participated in DERI by
comparing the epidemiology of type 1 diabetes from their registries. Over 20 registries
worldwide participated. This effort resulted in one of the largest global collaborations
ever seen in medical research. Although the initial findings were extremely interesting,
it became evident by the late 1980s that there were broad gaps in our knowledge about
the distribution of type 1 diabetes in children worldwide (5).

By 1990, two international groups working on the epidemiology of type 1 diabetes had
been developed. The first was the EURODIAB Project (6), which represented standard-
ized type 1 diabetes incidence registries in Europe. The second was the World Health
Organization (WHO) Multinational Project for Childhood Diabetes, also known as Dia-
betes Mondiale, or the DiaMond Project (7). The DiaMond Project included type 1 dia-
betes incidence registries from all continents. Because of these two important projects, the
descriptive epidemiology of type 1 diabetes has been mapped for most of the world, and
we now know more about the international variation in the incidence of type 1 diabetes
than practically any other chronic disease. Within a short 15-yr time period, the epidemi-
ology of type 1 diabetes rose from a “black hole” of ignorance to one of the best charac-
terized chronic diseases worldwide because of this remarkable global cooperation. Here,
we describe some of these results and their implications for disease prevention.

Geographic Variation in Incidence

The variation in the incidence of type 1 diabetes worldwide is greater than that
observed for any other chronic disease in children. Currently, there are incidence data
from more than 60 countries around the world. As illustrated by Fig. 1, the global vari-
ation in risk is enormous. A child in Helsinki, Finland is almost 400 times more likely
to develop diabetes than a child in Sichuan, China (8). To put this in perspective, con-
sider the following example. If children in the United States had the same risk of devel-
oping type 1 diabetes as children in China, then instead of 13,000 newly diagnosed
children each year, there would be only 56. In other words, over 99% of the annual new
cases of type 1 diabetes in the United States would be avoided.
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Fig. 1. Type 1 diabetes incidence rates per 100,000/yr worldwide. Note: PRC, People’s Republic of
China; JPN, Japan; DEN, Denmark; UK, United Kingdom; US, United States; NOR, Norway; SCOT,
Scotland; SWD, Sweden; CAN, Canada; FIN, Finland.

Interestingly, the other epidemiologic features of type 1 diabetes are remarkably simi-
lar across populations, despite the enormous variation in disease risk (9). Incidence rates
among males and females do not differ significantly, and the peak age at onset for both
sexes occurs near the time of puberty. Thus, compared to all other risk factors, including
human leukocyte antigen (HLA) haplotypes, viral infections, or the presence of autoanti-
bodies, the place where a child lives is the most potent determinant of type 1 diabetes
risk, excluding genetic/racial differences. If we knew what was causing the geographic
patterns of type 1 diabetes, we would be well on our way to preventing the disease.

Not unexpectedly, the epidemiology of type 1 diabetes is the result of both genetic
and environmental processes. Most of the low-incidence populations are Asian (i.e.,
Japanese, Chinese). The genetic characteristics of these groups are somewhat different
than those for Caucasians, African-Americans, and Hispanics. Moreover, much is
known about the genetic determinants of type 1 diabetes, and these are discussed in the
next section. Here, we focus on the evidence for an environmental etiology. Epidemio-
logic data, including studies of temporal trends and migrants, provide very strong sup-
port for an environmental role in the development of the disease.

Temporal Trends in Incidence

Temporal trends in chronic disease incidence rates are almost certainly environmen-
tally induced. If one observes a 50% increase in the incidence of a disorder over 20 yr,
it is most likely the result of changes in the environment because the gene pool cannot
change that rapidly. Type 1 diabetes is a very dynamic disease. Throughout Europe,
there has been an approx 3% rise in disease incidence since the mid-1960s, making
type 1 diabetes an important and very costly disorder (/0). In the United States, the
temporal trends are less clear, primarily because of the lack of monitoring. The longest
ongoing type 1 diabetes registry is from Allegheny County, Pennsylvania, the region
surrounding the city of Pittsburgh (/1); a rapid increase in disease incidence has been
observed since 1965. This trend was most apparent during the 1990s. These results
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Fig. 2. Type 1 diabetes incidence rates per 100,000/yr in the US Virgin Islands.

clearly demonstrate that the incidence of type 1 diabetes is rising, bringing with it a
large public health problem. Moreover, these findings indicate that something in our
environment is changing to trigger a disease response.

Perhaps an even more interesting pattern is the epidemic nature of type 1 diabetes.
Epidemics, which are rarely observed for chronic diseases, have been reported for type
1 diabetes. The first epidemic that appeared was in midwest Poland in 1984 (/2). Then,
the epidemic moved east. During 1985-1986, similar trends were observed in Latvia,
Lithuania, and Estonia (/3). If one examined the descriptive epidemiology of type 1
diabetes without knowing that it was a chronic disease, it would appear to be an infec-
tious disorder.

In the 1980s, we reviewed all of the available temporal trend data for type 1 diabetes
(14). The results were striking. More than 30% of the population-based registries
worldwide exhibited epidemic trends. Most remarkable was a global pandemic of
childhood diabetes that occurred between 1983 and 1984 in geographically distant
populations, including Hokkaido, Japan, Auckland, New Zealand, and Poznan, Poland.
Thus, epidemics of type 1 diabetes were not only focal, but they also were global.

Figure 2 presents a classic epidemic pattern from the US Virgin Islands, where the
incidence of type 1 diabetes rose almost fourfold during a 1-yr period of time (/5).
Before the epidemic, the incidence of type 1 diabetes among these African-American
children was similar to the rates observed in low-incidence populations. Then sud-
denly, the incidence rose to that of one of the highest rates in the world, for reasons
which are not known. The following year, the incidence returned to the baseline rate.
Epidemics have received little attention because they appear in retrospect. However,
the locations of epidemics are likely the best places to evaluate the environmental etiol-
ogy of type 1 diabetes.

Migrant Studies of Type 1 Diabetes

Migrant studies are one of the purest designs for examining the contribution of the
environment to chronic diseases. Migrant studies are based on groups of individuals
that move from a source population to a host population. The magnitude and speed at
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Fig. 3. Type 1 diabetes incidence rates per 100,000/yr among Chinese migrants.

which the disease incidence patterns among migrants become similar to those observed
for the host population provide insight regarding potential environmental risk factors
for the disease. Migrant studies have been very beneficial for studying the etiology of
chronic disorders, such as cardiovascular disease and breast cancer.

The most dramatic effect of migration on type 1 diabetes incidence rates has been
observed among the Chinese. There is an approximate fourfold difference in the inci-
dence of type 1 diabetes among Chinese children living in the People’s Republic of
China, Taiwan, Singapore, and Hong Kong (see Fig. 3) (6). This variation may even be
greater if data for Chinese migrants to the United States, the United Kingdom, or Aus-
tralia were available. Similar, but less dramatic, patterns were reported for Jewish and
French children living in Israel and France, respectively, compared to those who
migrated to Canada (/6). Interestingly, Japanese children do not appear to have been
affected by migration; rates in host and source populations are similar. Thus, barring
this example, temporal trend and migration data suggest that, at a minimum, 75% of all
newly diagnosed type 1 diabetes cases might be prevented by modifying the environ-
mental risk factors for the disease. If the factors contributing to the migratory effects
for type 1 diabetes could be identified, the development of disease prevention strategies
would be greatly facilitated.

There is now a critical need to integrate the findings of basic research into epidemio-
logic research. A primary reason for this is that the missions of both basic science and
epidemiology are the prevention of disease. Prevention is defined by Last as “a reduc-
tion in the incidence of a disease” (/). We also need to have epidemiologists develop
systems for monitoring disorders such as type 1 diabetes. Without these approaches,
we will never know whether any attempts at prevention are successful. What is even
more important is that we will never know whether purported prevention strategies are
doing harm.

RISK FACTORS FOR TYPE 1 DIABETES

The data just described clearly indicate that environmental factors are involved in
the etiology of type 1 diabetes. With the exception of a possible role for viruses and
infant nutrition, the specific environmental determinants that initiate or precipitate the
onset of type 1 diabetes remain unclear. Type 1 diabetes is also, in large part, geneti-
cally determined (/7). Evidence of a genetic component for type 1 diabetes has been
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Table 1

Susceptibility Loci for Type 1 Diabetes
Name Location Candidate genes or markers
IDDM1 6p21.3 HLA
IDDM?2 11p15.5 INS-VNTR
IDDM3 15926 D15S107
IDDM4 11q13.3 ICE, CD3, MDU1, ZFM1, RT6, LRP5, FADD,

FGF3, D11S1917

IDDMS5 6ql5 ESR, MnSOD
IDDM6 18q21—q21 D18S487, D18S64
IDDM7 2q31-33 D2S152
IDDMS 6q25-27 D6S281, D6S264, D6S446
IDDM9 3q21-25 D3S1303
IDDM10 10pl1—qll D10S193, D10S208
IDDM11 14q24—q31 D14S67
IDDM12 2q33 CTLA-4, CD28
IDDM13 2q34 D2S137-D2S164, IGFBP2, IGFBP5
IDDM14 Unknown Unknown
IDDM15 6q21 D6S283, D6S434, D6S1580

Source: Data from refs. 2/-24.

provided by studies showing a significantly increased risk for first-degree relatives of
affected individuals (/8,719). In addition, twin studies have revealed stronger disease
concordance rates among monozygotic than dizygotic twins, although rates among
monozygotic twins are less than 50% (20). In terms of specific genetic markers, type 1
diabetes i