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Food and the low incidence 
of IDDM in Iceland 

By Inga Thorsdottir and Olafur Reykdal 

Abstract 
Insulin dependent diabetes mellitus (IDDM) is one of the fastest growing diseases in developed 
countries. All research shedding light on how to prevent IDDM is therefore of great value. The 
search for scientific explanations has considered genetic and environmental factors where food, 
especially milk, has come to play a key role. The varying incidence of IDDM among the Nordic 
countries provides an opportunity to investigate food factors important in the development of 
dietary recommendations to prevent IDDM. 

The incidence of IDDM is lower in Iceland than among the genetically related nations of 
Scandinavia. Recent animal research in New Zealand has pinpointed a specific protein fraction 
in cow's milk, A1 p-casein, as one of the possible causes of an immunological destruction of the 
pancreatic p-cells resulting in IDDM. Milk protein allele frequencies in Nordic cattle breeds 
varies, and preliminary results indicate that A1 p-casein is especially low in Icelandic milk. 

Introduction 
The incidence of insulin dependent 
diabetes mellitus (IDDM) is increasing in 
many countries of the world (1). Finding 
ways to prevent the progression of the 
disease is therefore in the interest of the 
general population and public health as 
well as the authorities. 

IDDM is a multifactorial disease be- 
lieved to strike genetically susceptible 
individuals. Genes in the human leuko- 
cyte antigen (HLA) region either pre- 
dispose or protect against the disease (2). 
Genetic susceptibility, however, is not the 
determining reason for the progression of 
IDDM as only some of the genetically 
predisposed people develop the disease, 
while the majority, do not. The genes 
make it possible for the environment to 
cause IDDM. Environmental factors 
initiate immune processes that destroy the 
insulin-producing p-cells of the islets of 
Langerhans in the pancreas. 

Importance of 
environmental factors 
The increasing incidence of IDDM in a 
given population suggests the importance 
of the environment for the etiology of the 
disease, and so do studies on transmigra- 
tory populations. A population of Asian 
families moving from Pakistan, where the 
incidence of IDDM is extremely low, to 
the United Kingdom, where the incidence 
is much higher, takes about one genera- 
tion to match the IDDM incidence of the 
indigenous population (3). 

Robert Elliott found a high increase in 
IDDM incidence in a population that had 
moved from West Samoa to New Zealand 
(4). Two years later, Leslie and Elliottused 

this finding as well as the results from 
studies on identical twins and other 
studies to support their theory about the 
importance of environmental events in 
early childhood for the etiology of IDDM 
(5). 

Milk and IDDM 
In 1984 Borch-Johnsen et al. published 
data from Norway, Sweden and Denmark 
showing that insufficient breast-feeding 
might lead to IDDM in genetically sus- 
ceptible individuals (6). The study was 
based on the theory that environmental 
agents trigger immunological reactions 
that damage p-cells, and insufficient 
breast-feeding allows an earlier exposure 
to such damaging agents. The results were 
confirmed by Mayer et al. in Colorado, 
while studies from Italy and New York did 
not show a relationship between insuffi- 
cient breast-feeding and IDDM (7,8,9). 

The first food introduced in the weaning 
period in a majority of countries in the 
world is cow's milk or a cow's-milk-based 
formulas for infants. Cow's milk has 
therefore been suspected to be diabeto- 
genic. Finnish researchers found pro- 
tective effects from a long duration of 
breast-feeding and a late introduction of 
dairy products that decreased the risk of 
IDDM (10). Similar results were seen by 
Kostraba et al. in USA (1 1). The studies 
showed an increased risk of IDDM among 
individuals breastfed for a period shorter 
than 3-5 months. A very recent study from 
Sao Paulo has also showed that a shorter 
duration of breast-feeding is a risk factor 
for IDDM (12). 

Most of the different studies on breast- 
feeding and cow's milk comsumption re- 
late the consumption during infancy or 

early childhood to an immunological de- 
struction leading to the progression of 
IDDM. IDDM also has a peak incidence 
much earlier in life than other diseases, 
that is, at school-age, which supports the 
importance of preschool food. Already in 
1994, American Academy of Pediatrics 
recommended avoidance of cow's milk 
and products containing cow's milk pro- 
tein during the first year of life for children 
in families with a strong history of IDDM 
(1 3). The recommendation evoked differ- 
ent opinions among health professionals. 

Furthermore, a connection has been found 
between milk consumption per capita and 
the incidence of IDDM. 

Dahl-J~rgensen et al. found a strong 
relationship between total cow's milk 
consumption in twelve countries and the 
incidence of IDDM, r = 0.96 (14). Similar 
results were found for nine regions in Italy, 
r = 0.84 (15). 
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Table 1. Incidence of IDDM (age 0-14), total milk and dairy product consumption. Per capitalyear in 
the Nordic countries. 

Incidence Liquid milk Milklmilk products Ref 
per 100,000 kglper capita kglper capita 

Iceland 10 
Denmark 22 
Norway 23 
Sweden 24 
Finland 3 5 

Milk consumption 
- incidence of IDDM 
The study of ~ a h l - ~ @ r ~ e n s e n  et al. in- 
cluded, among other countries, Denmark, 
Norway, Sweden and Finland. All these 
countries have a high consumption of milk 
and a high incidence of IDDM, Finland 
being the highest in both. The milk con- 
sumption in Iceland is the highest known 
world-wide, the total consumption being 
180 kg/person/year of liquid milk, and the 
total consumption of dairy products is 
similar to that in Finland, 244 kg/person/ 
year (16). However, as recently presented 
in this journal, the incidence of IDDM is 
lower in Iceland than in many other count- 
ries and is fairly constant, compared with 
the increasing incidence world-wide (1, 
17,18). Results from epidemiological stu- 
dies on IDDM have shown a high and in- 
creasing incidence in Denmark, Norway, 
Sweden and Finland (1 9,2O,2 1,22). The 
consumption in the five Nordic countries 
of fluid milk and dairy products and the 
incidence of IDDM are shown in Table 1. 

The hypothesis of a connection between 
high cow's milk consumption and IDDM 
obviously contradicts the Icelandic situa- 
tion of high milk consumption and a low 
incidence of IDDM. The lower incidence 
of IDDM in Iceland cannot be explained 
with a difference in breast-feeding fre- 
quency or duration since the frequency of 
breast-feeding is similar and high in all the 
Nordic countries (23). As discussed ear- 
lier, the lower incidence of IDDM in Ice- 
land, compared with the Scandinavian 
countries, cannot be explained by heri- 
tage, climate or infectious diseases be- 
cause of the similarities between the 
countries (1,17,18). 

Proteins in cow's milk: 
bovine albumin 
Finnish scientists have studied com- 
ponents of cow's milk that are potentially 
diabetogenic. These studies were thorough- 
ly discussed in this journal last year (24). 

Building on studies of a bovine albumin 
peptide acting as a trigger of IDDM in 
rodents, Karjalainen et al. found that all 
newly diagnosed diabetic children had 
elevated serum concentrations of IgG 
anti-bovine serum albumin antibodies, 
compared with healthy children (25). IgA 
antibodies were also elevated but not those 
of IgM. After diagnosis, the concentra- 
tions declined and had reached normal 
levels in most patients within 1-2 years. 
The bulk of IgG antibodies were specific 
to the bovine serum albumin peptide, and 
it was concluded that the antibodies could 
play a role in the development of islet 
dysfunction leading to diabetes (25). A 
year later, Atkinson et al. argued that the 
reaction to bovine albumin was also found 
in patients with other autoimmune 
diseases. They did not find a similar 
elevation of antibodies in all newly 
diagnosed diabetic patients (26). They 
concluded that anti-bovine serum albumin 
antibodies may be connected with a defect 
in immunologic tolerance rather than 
immunity specific to p-cells. Atkinson et 
al. did not support a role for the antigen in 
the pathogenesis of the diabetic disorder 
(26). Other studies have been performed, 
but the results are not in agreement. It 
seems clear that bovine serum albumin 
cannot be regarded as the only explanation 
(27). Elevated levels of antibodies to p- 
lactoglobulin have also been seen in 
IDDM-patients (28). 

Norris et al. have raised doubts about the 
importance of early exposure to cow's 
milk for the etiology of diabetes as they 
did not find any connection between p- 
cell-autoimmunity and infant dietary ex- 
posure to cow's milk (29). 

Proteins in cow's milk: 
A1 pcasein 
Cavallo et al. found significantly higher 
levels of antibodies to cow's milk p-casein 
in children newly diagnosed with IDDM 
than in healthy controls or individuals 

with autoimmune thyroid diesease. They 
concluded that early consumption of 
cow's milk may generate a specific immu- 
ne response to p-casein that could lead to 
IDDM (30). Research on non-obese-dia- 
betes (NOD) mice showed that a diet 
without casein prevented IDDM (3 1). 
Recent research in New Zealand has lead 
to the hypothesis that the protein fraction 
of A1 p-casein in cow's milk may be the 
triggering factor. Studies on NOD mice 
showed a destruction of insulin-producing 
p-cells caused by A1 0-casein. Varying 
amounts of A1 protein were given, and the 
more A1 protein in the diet, the higher the 
risk of IDDM (personal communication, 
D. Paul Harris and Jeremy P. Hill, New 
Zealand Dairy Research Institute). The 
difference between A1 and A2 p-casein 
lies in only one amino acid, but during 
digestion A1 is converted to p-caso- 
morphin that can disturb the immune 
reaction (32). Preliminary results from a 
multinational study on IDDM children 
showed increased levels of antibodies 
against A1 and A2 among the diabetic 
children, compared with controls (33). 
How the A1 p-casein affects the immune 
system, which may initiate the develop- 
ment of IDDM, is far from clear, but 
preliminary results emphasise the im- 
portance of further research. 

Low A1 Pcasein in 
Icelandic cow's milk 
Recent studies on milk protein allele 
frequencies in Nordic cattle breeds show 
that Icelandic cattle have a low frequency 
of A1 p-casein, about half that in bigger 
Nordic cattle breeds (personal communi- 
cation, Stefan Adalsteinsson, the Nordic 
Gene Bank for Farm Animals, As, Nor- 
way). Preliminary results from analyses of 
A1 p-casein in milk have also indicated 
such a difference. This merits a thorough 
investigation. The first step is to confirm 
that the proportion of p-casein A1 is lower 
in Icelandic milk than in milk from the 
largest areas in Scandinavia by using the 
same method of analysis on all milk 
samples. If a lower proportion is con- 
firmed, further studies are warranted. 

Other food factors 
In addition to milk, many other dietary 
factors have been related to the etiology of 
IDDM. A retrospective study found a 
higher consumption of protein, carbohyd- 
rate and nitrosamine compounds among 
IDDM patients, in the year prior to diag- 
nosis, than among controls (34). Nitros- 
amines have been shown to be diabeto- 
genic in the male offspring of mice. This 
finding was put forward as a possible 
explanation of the higher frequency of 
IDDM among boys born in October in 
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Iceland, where smoked lamb is a tradi- 
tional food item during Christmas (35). A 
Finnish study on the intake of nitrate and 
nitrite found that diabetic children and 
their mothers received significantly more 
nitrite from their diet than non-diabetic 
controls (36). The same researchers found 
an increased risk of IDDM developing in 
children who consumed coffee or tea 
regularly (37). Wheat gluten and soy have 
been shown to be diabetogenic in NOD 
mice (38) while nicotinamide has been 
shown to prevent or delay the onset of 
IDDM (31). 

High weight gain early in life, which 
must be considered to be strongly related 
to food intake, has been associated with an 
increased risk of IDDM later in life (39). 
One theory is that these results may be 
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