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Preventing insulin dependent diabetes mellitus: the environmental
challenge
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Abstract

The epidemiology of insulin dependent diabetes mellitus was
evaluated to determine the degree to which the disease results
from environmental agents and therefore might be prevented.
The results of research indicate that insulin dependent diabetes
can be produced in animal models by environmental factors,
there are major geographical variations in diabetes, certain
populations have shown rapid changes in incidence over time,
migrants appear to take on the risk of diabetes in their new
country, and certain viruses and chemicals cause insulin
dependent diabetes in humans. The results of genetic and
epidemiological studies also show that at least 60% of insulin
dependent diabetes world wide, and perhaps over 95%, is
environmentally determined and thus potentially avoidable.

It is concluded that the primary worldwide determinants
of diabetes are environmental not immunogenetic and that
identifying and altering the diabetogenic environmental factor(s)
are likely to be more effective and less risky in preventing insulin
dependent diabetes than current immunogenetic approaches.
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Introduction

In 1979 David Pyke wrote: "There has for many years been the
widespread belief that diabetes is entirely inherited."' Pyke's own
research on monozygotic twins, however, proved that this concept
was incorrect. As a result of the research on twins2-5 and evidence
from Yoon et al and Gamble of a possible viral aetiology of insulin
dependent diabetes mellitus"' the focus of research shifted in the
early 1980s towards the environmental determinants of diabetes.
This was short lived, however, and theory and research are again
based on the assumption that insulin dependent diabetes is a
genetic, albeit immunogenetic, disease.89 Though investigating the
immunogenetics of diabetes is important and exciting, studies that
are designed to identify the environmental agent(s) that cause
diabetes should also be carried out. We believe that the challenge for
the next decade is to track down the environmental agent(s) because
this is likely to be the best strategy for preventing diabetes.

Evidence for an environmental aetiology

To assess the role of the environment in the aetiology of insulin
dependent diabetes we adopted an approach that has been used
in cancer research. There is widespread belief among cancer
researchers, which is based on reports by Doll and Higgison and
summarised by the World Health Organisation,'.-'2 that most cancer
results from environmental factors and is thus preventable. Five
arguments have led to these conclusions.'3" We have evaluated
these with regard to their application to diabetes.

(1) Cancer can be experimentally produced in laboratory animals by
exposure to certain external agents-There is some question that in
animals insulin dependent diabetes develops after exposure to
certain viral agents or chemicals.1"

(2) There are considerable geographical differences in the incidence
of cancer-One of the most striking characteristics of insulin
dependent diabetes is its enormous geographical variability. A child
in Finland is 36 times more likely to develop diabetes than a child in
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Japan (fig 1). 16 This international variability is greater than the
10-fold worldwide distribution of coronary heart disease and the
threefold international variation in the prevalence of cancer. 17 18
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cancer studies where "low risk" populations who live in a "high
risk" area take on the risk of the new area.

(5) There is strong epidemiological evidence that some environmental
agents, such as smoking, alcohol, and asbestos, cause cancer in
populations-There is not as much evidence on diabetes as there is
on cancer, but it seems that environmental factors can cause insulin
dependent diabetes in certain cases. The classic example is the child
described by Yoon et al who developed diabetes and subsequently
died.6 Before the onset of diabetes there was an infection with raised
titres to Coxsackie virus B4, Coxsackie virus was isolated from the
pancreas, and the isolated virus produced diabetes in animal
models. Other findings indicate that in utero rubella infection
causes diabetes later in life.29 Moreover, inadvertent ingestion
of a rat poison produces diabetes in humans.30 Thus although
population data are not available (primarily because the studies have
not been done), there is strong evidence that specific environmental
factors produce insulin dependent diabetes.
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FIG I-Incidence of insulin dependent diabetes mellitus by country.

(3) In some populations there have been rapid temporal changes in
cancer incidence in less than a generation which could not result from
genetic change-Data from some registries have shown marked
time fluctuations in insulin dependent diabetes.'9-24 In Finland
the incidence rose from 13 per 100 000 in the early 1950s to 33 per
100 000 in the 1980s, a 2 5 increase in incidence in three decades.23
The most dramatic evidence is from Poland (fig 2), where in three
years the incidence almost doubled.24 As far as we know such an

extraordinary increase in such a short time has never been reported
for any chronic disease and cannot be the result of genetic factors.
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FIG 2-Incidence of insulin dependent diabetes mellitus in midwest
Poland.

(4) The risk to immigrants of developing cancer rapidly begins to
resemble the risk in the area they move into-Insulin dependent
diabetes occurs more frequently in Japanese children who reside in
Hawaii than in those in Japan, French children in Canada are twice
as likely to develop diabetes as French children in France, and
Jewish children in Montreal are three times more likely to develop
diabetes than Jewish children in Israel (fig 3) (J Siemiatycki,
personal communication).25"2 The pattern is thus similar to that in
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FIG 3-Prevalence of insulin dependent diabetes mellitus in children in native
and adopted country.

Clearly the arguments and evidence that have attributed an

environmental aetiology to cancer are directly applicable to insulin
dependent diabetes mellitus. The conclusion may be reached, as
with cancer, that the risk of developing insulin dependent diabetes
on a population basis is primarily the result ofenvironmental factors
and is thus potentially preventable.

How much is preventable?

The results of genetic studies indicate that most genetically
susceptible people do not become diabetic. For example, the results
of studies of twins have shown that 50-70% of the non-diabetic
monozygotic twin siblings of insulin dependent probands fail to
develop diabetes." About 90% of siblings who have identical
histocompatibility antigens to a diabetic child do not develop
diabetes,3' and over 95% of the people who have high risk histo-
compatibility antigens (HLA DR3/X or HLA DR4/X) avoid
diabetes.32

Epidemiological studies can also be used to estimate the degree to
which insulin dependent diabetes is preventable by employing a

methodology used in cancer research. Cancer researchers have
argued that the lowest reported cancer rates represent "baseline" or

"natural" rates. Any increase beyond these rates is ascribed to
environmental factors.'4 By using this method-for example with
lung cancer-the ratio of the incidence rates in the lowest risk area
known (Nigeria) to the highest risk country (United Kingdom) is
1:70.'4 Thus one case out of 70 is the "natural" rate, and the rest, 69

of 70 (98%) of the lung cancer cases in the United Kingdom, are

potentially avoidable. Using this approach, Doll and Peto argued
that in the United States 70-80% of the cancers were environmental
in origin and avoidable.'8
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For insulin dependent diabetes the ratio of the highest known
incidence (Finland) to the lowest risk area (Japan) is 1:36. Thus, 35
of 36 (97%) of the cases in Finland possibly are environmental in
origin and thus preventable. Restricting the comparison to white
populations shows that the ratio of risk of children in low risk areas
such as Poland or France to high risk Finland is 1:7.232426 Thus at
least 85% (6 of 7) of the cases of diabetes in whites in Finland are
potentially avoidable. It may be argued that these geographical
comparisons provide only weak evidence because the differences in
incidence between two countries may still be genetically determined
even if the groups are of the same race. The primary geographical
differences in the incidence of diabetes, however, do not appear to
be associated with the prevalence of high risk HLA antigens-that
is, in countries that have a low frequency of the HLA antigens
associated with diabetes the populations do not necessarily have a
low risk for insulin dependent diabetes.'633 Moreover, the genetic
issue in epidemiological studies may be circumvented by examining
populations that have the same gene pool-for example, the same
population over time or migrant populations. The 2-5-fold increase
in the incidence of diabetes in Finland in 30 years indicates that at
least 60% of the recent cases in Finland were environmentally
determined.23 Similarly, the threefold increased risk among Jewish
people in Montreal compared to that in Israeli Jews indicates that
66% of cases among the Canadian Jewish population is avoidable.28

Overall the genetic and epidemiological publications consistently
show that at least 60% and perhaps over 95% of diabetes in children
would be prevented if the agents could be identified and the
prevalence of these factors reduced.

Conclusion

This review is not intended to negate the importance of the
immunogenetic research in diabetes but to point out that most
genetically susceptible people do not become diabetic. Thus the risk
of diabetes across populations is primarily the result ofsome form of
exposure.

It is important also to consider the immunogenetic and environ-
mental approaches with regard to the prevention of insulin
dependent diabetes. Suppose the specific "diabetogenic" gene were
found where 100% of cases and no non-diabetics have the genetic
marker. Would this rapidly lead to the 'prevention of diabetes?
Probably not. We know ofno disease in which a genetic marker has
been identified and the disease incidence has been rapidly reduced.
Alternatively, suppose the specific immunological 'defect is
identified. Here we are confronted with the dilemma of how to
rectify the problem. Even if it was possible to prevent diabetes in
children by tampering with the immune system the benefits of
immunological "prevention" may be outweighed by risks of other
conditions, such as infection, cancer, or drug toxicity.

In contrast, identifying the environmental determinants for
insulin dependent diabetes could lead to an effective and safer
"preventive" approach, as, for example, in tuberculosis and
malaria, declining smoking rates and a reduction in lung cancer, and
the identification of carcinogenic as well as teratogenic drugs.
Reducing the prevalence of the environmental factors that produce
the 36-fold geographical variation world wide and the epidemic of
diabetes in Poland would be effective in reducing the incidence of
disease, and it would be less expensive with less risk attached'than
immunogenetic "cures."
We conclude as Pyke did in 1979: .... non-genetic factors exist

which operate in genetically predisposed individuals to produce
[insulin dependent diabetes mellitus] but we do not know what
these factors are". ' The evidence indicates that most of the'diabetes
that develops world wide can be prevented-not through altering

the immune system but through reducinr.g the prevalence of the
environmental risk factors.
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