
Abstract

Aims/hypothesis. The incidence of Type 1 diabetes has
increased 2.5 times during the time period from 1966
to 2000 in Finland – a general trend seen in almost all
developed countries that can only be explained by en-
vironmental factors. The aim of this study was to test
the possible effect of a changing environment on dis-
tribution of genotypes associated with disease suscep-
tibility.
Methods. HLA DRB1-DQA1-DQB1 genes and two di-
abetes-associated polymorphisms at IDDM2 and
IDDM12 were analyzed. The frequencies of genotypes
were compared between cases diagnosed with child-
hood-onset Type 1 diabetes during the period of
1939–1965 (n=367) and those diagnosed between
1990 and 2001 (n=736). Chi-square statistics or the
Fisher’s Exact test were used for the comparison of
frequencies of analyzed haplotypes and genotypes in
the two groups.

Results. The frequencies of (DR3)-DQA1*05-
DQB1*02 and (DR4)-DQB1*0302 risk haplotypes and
the high risk (DR3)-DQA1*05-DQB1*02/ DRB1
*0401-DQB1*0302 genotype were higher while pro-
portion of patients carrying protective haplotypes –
(DR15)-DQB1*0602 and (DR1301)-DQB1*0603 – or
protective genotypes was lower in patients diagnosed
before 1965 as compared to those who developed dis-
ease after 1990. No temporal variation was found in
the frequencies of genotypes at IDDM2 and IDDM12.
Conclusion/interpretation. Our data suggest that the
need for genetic susceptibility to develop Type 1 diabe-
tes has decreased over time due to an increasing envi-
ronmental pressure and this results in a higher disease
progression rate especially in subjects with protective
HLA genotypes. [Diabetologia (2003) 46:420–425]
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Development of Type 1 diabetes is the result of inter-
actions between genetic susceptibility and environ-
mental factors. Genes in the Human Leukocyte Anti-
gen region (HLA; 6p21) are the major genetic deter-
minants of Type 1 diabetes (T1D) susceptibility and
resistance. HLA molecules play a key role in the initi-
ation and regulation of immune processes that are in-
duced as a response to contacts with foreign agents
such as microbes or alimentary proteins. HLA mole-
cules have an enormous diversity that enables individ-
uals to develop specific responses against a multitude
of agents. The population distribution of HLA alleles
and haplotypes is subjected to selection determined by
the surrounding environment. This phenomenon is re-



flected in variations in the background frequency of
the HLA B8-DR3-DQ2 haplotype that is inversely re-
lated to the time length of wheat cultivation. This hap-
lotype, being the major genetic factor predisposing to
celiac disease, seems to be less frequent in popula-
tions, which have lived on wheat for a longer period
of time indicating a negative selection [1]. Population
distribution of HLA polymorphisms is also strongly
influenced by infectious diseases. For example, the
HLA-B53 allele and the DRB1*1302-DQB1*0501
haplotype, that are protective against severe malaria
are common in West-Africa [2]. Similarly, other se-
vere infectious diseases also show HLA association
like typhoid fever where HLA DRB1*04 and
DQB1*0401/02 alleles are associated with protection
and DRB1*0301 and DQB1*02 alleles are associated
with susceptibility to disease [3]. Distribution pattern
of certain HLA haplotypes is influenced by the most
prevalent infectious agents occurring in that popula-
tion, and certain polymorphisms are maintained
through balancing selections due to various diseases.
Moreover, some evidence now exists to support an ad-
vantage conferred by HLA heterozygosity, which has
been associated with protection against several viral
diseases including resistance to hepatitis B carriage
[4].

The incidence of T1D has continuously increased
world-wide in the last decades, which can only be ex-
plained by environmental factors. The incidence rate
has repeatedly been observed to be record high in 
Finland, amounting to 20 cases per year per 100 000
children in 1966, whereas it reached a figure close to
50 by the end of the 90’s [5, 6]. During that period of
time, substantial changes have occurred in eating hab-
its, food constituents, vaccinations, general health care
and personal hygiene that might have contributed to a
rapidly increasing environmental pressure on individ-
uals genetically susceptible to T1D. It is possible that
the increased environmental pressure is reflected in
the distribution of HLA genotypes among patients di-
agnosed during different time periods. There are very
limited data on temporal changes in HLA genotype
frequencies in patients with T1D [7, 8]. To further ex-
plore this issue we analyzed and compared frequen-
cies of genotypes at HLA DR-DQ and two disease as-
sociated polymorphisms at IDDM2 and IDDM12 in
patients who developed childhood onset T1D during
different time periods.

Subjects and methods

Subjects. 367 patients (200 boys and 167 girls) with T1D diag-
nosed between 1939 and 1965 (Patient Series 1-PS1), and 736
patients (376 boys and 360 girls) diagnosed between 1990 and
2001 (Patient Series 2-PS2) were studied.

Type 1 diabetes cases for PS1 participated in the ongoing
Finnish Diabetic Nephropathy Study (FinnDiane), a nation-
wide comprehensive multi-centre study, with the aim to study

genetic and clinical risk factors for the development of diabetic
nephropathy and other diabetic complications. All adult Type 1
diabetic patients from a total of 91 referral centres throughout
the country were invited to participate in FinnDiane. So far,
3200 patients have been recruited and 367 of them who were
diagnosed between 1939 and 1965 were analyzed in the cur-
rent study.

In PS2 all consecutive incident Type 1 diabetes cases who
were diagnosed between 1990 and 2001 in three regions (Oulu,
Turku and Helsinki areas) of Finland were included. The two
patient series were ethnically and geographically matched.
More than 99% of patients in both groups were of Finnish eth-
nic origin.

During the second half of the 20th century the average an-
nual immigration rate to Finland was 9751 while the mean to-
tal population of Finland was about 4,700,000 in this period.
Therefore, Finland has a very low (less than 2%) percentage of
foreigners (data from Institute of Migration, Turku, Finland).
The probability of annual internal migration between provinces
within Finland was constantly at a low level (14.4–21.0‰) be-
tween the 1960’s and 90’s. These data confirm that neither
population admixture from other ethnic groups nor internal mi-
gration could be a confounding factor that affects gene fre-
quencies in the two groups. The geographical distribution of
patients in PS1 and PS2 were as follows: Oulu region (North-
ern Finland) 99 (27.0%) and 223 (30.3%), Helsinki region
(Southern Finland) 128 (34.8%) and 272 (37.0%), Turku re-
gion (South-Western Finland) 140 (38.1%) and 241 (32.7%).
All patients in both groups were diagnosed with T1D below
the age of 15 years and had classic symptoms of T1D such as
hyperglycaemia, ketosis and dehydration.

The mean age of patients in PS1 and PS2 were 8.2±2.1 and
8.5±4.0 years, respectively. For some comparisons, both PS1
and PS2 were split into three groups according to age at diag-
nosis: 0 to 4.99 yrs (Group 1-G1), 5.0 to 9.99 yrs (Group 2-
G2) and 10.0 to 14.99 yrs (Group 3-G3). An informed consent
was obtained from all study subjects. The investigations have
been carried out in accordance with the principles of the Dec-
laration of Helsinki.

Genotyping. A low-resolution full house typing for the com-
mon Caucasian HLA DR-DQ haplotypes was carried out using
a lanthanide labelled oligonucleotide hybridization method.
Initial typing of DQB1 alleles was completed by DQA1 typing
and DR4 subtyping in selected genotypes where informative
[9, 10]. The MspI −2221 C/T polymorphism at the insulin gene
region (IDDM2, 11p15.5) and the +49 A/G polymorphism at
the CTLA4 gene (IDDM12, 2q33) were genotyped in all pa-
tients in PS1 and in 706 patients in PS2 using the same meth-
odological approach.

Statistical analysis. Chi-square statistics or the Fisher’s Exact
test were used for the comparison of frequencies of analyzed
haplotypes and genotypes. A p value of 0.05 or less was con-
sidered to be statistically significant. The size of patient series
enabled us an 80% power to detect a 7.5% difference at an
0.05 significance level.

Results

The population frequencies of various HLA DRB1-
DQA1-DQB1 haplotypes in the two time series are
shown in Table 1. More patients carried the (DR3)-
DQA1*05-DQB1*02 and (DR4)-DQB1*0302 risk
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haplotypes in PS1 than in PS2 (p=0.015 and p=0.04,
respectively). Among the DRB1*04 subtypes associat-
ed with DQB1*0302, DRB1*0401 was less prevalent
in PS2, but DRB1*0403 was increased in PS2 as com-
pared to PS1, although these differences were not sig-
nificant. Combined haplotype frequency of the four
risk haplotypes – (DR3)-DQA1*05-DQB1*02, DRB1
*0401/02/04–DQB1*0302 – was higher in PS1 than in
PS2 (68.5 vs. 62.3%, p=4.6×10−3). Protective haplo-
types – (DR15)-DQB1*0602 and (DR1301)-DQB1
*0603 – were less prevalent in PS1 than in PS2
(p=3.2×10−3 and p=0.025, respectively). However, the
protective (DR7)-DQA1*02-DQB1*0303 haplotype
was decreased in PS2 as compared to PS1 (p=0.04).
Combined frequencies of protective haplotypes(DR5)-
DQA1*05-DQB1*0301, DRB1*0403-DQB1*0302,
(DR7)-DQA1*02-DQB1*0303, (DR14)-DQB1*0503,
(DR15)-DQB1*0602 and (DR1301)-DQB1*0603 –
showed a highly significant difference between PS1
and PS2 (5.2 vs. 9.7%, p=3.5×10−4). Similarly, differ-
ences in risk and protective haplotype frequencies ob-
served between PS1 and PS2 were seen also when
corresponding age at onset groups were compared, in
addition to several age-dependent trends. Risk haplo-
types – (DR3)-DQA1*05-DQB1*02 and DRB1*0401-
DQB1*0302 – tended to be most prevalent in the
youngest (G1) age group as compared to G3 in both
patient series (data not shown). The combined fre-
quency of protective haplotypes – (DR5)-DQA1*05-
DQB1*0301, DRB1*0403-DQB1*0302, (DR1)-
DQB1*0501, (DR14)-DQB1*0503, (DR15)-DQB1
*0602 and (DR1301)-DQB1*0603 – was lower in the
youngest age group in both time series (PS1 G1 9.7%
vs. G2 17.5%, p=0.02; PS2 G1 13.6% vs. G3 21.1%,

p=0.02). For analysis of genotype distributions the
HLA DRB1-DQA1-DQB1 genotypes were grouped
according to the diabetes risk they conferred in the
Finnish population. Risk calculations were based on a
comparison of diabetic children to affected family-
based artificial controls in 622 nuclear families. The
(DR3)-DQA1*05-DQB1*02/DRB1*0401-DQB1*0302
genotype carried the highest risk of diabetes with an
odds ratio of more than 50 (high risk genotype). The
moderate risk genotype group conferred odds ratios
between 5.1–18.0 and comprised those homozygous
for DR3-DQ2, HLA DQB1*0302, and genotypes
where DRB1*0401-DQB1*0302 was associated with
neutral haplotypes (neutral haplotypes (N):
DQA1*0201-DQB1*02, DQA1*03-DQB1*0301,
DQA1*03-DQB1*0303, DQB1*04, DQB1*0501,
DQB1*0502, DQB1*0604).

Low risk genotypes comprised DRB1*0404-
DQB1*0302/N, (DR3)-DQA1*05-DQB1*02/N and
N/N combinations that conferred odds ratios between
1.6 to 2.4. Protective genotypes were homozygous or
heterozygous for the protective haplotypes
(DQA1*05-DQB1*0301, DRB1*0403-DQB1*0302,
DQA1*0201-DQB1*0303, DQB1*0503, DQB1*0602,
DQB1*0603) and conferred odds ratios below 1.

The high risk (DR3)-DQA1*05-DQB1*02/ DRB1
*0401-DQB1*0302 genotype was more common in
PS1 than in PS2 (p=7.3×10−3) (Fig. 1). The difference
in the frequency of the (DR3)-DQA1*05-DQB1*02/
DRB1*0401-DQB1*0302 high risk genotype was even
higher between cases who were diagnosed before 1960
(a subset of PS1) and patients diagnosed after 1990
(PS2) (28.8 vs. 18.2%; p=3.6×10−3). This high risk
genotype was more prevalent in the younger age

Table 1. Frequencies (%) of HLA DRB1-DQA1-DQB1 haplotypes in patients with Type 1 diabetes diagnosed during the periods of
1939–1965 and 1990–2001

Patients diagnosed between Patients diagnosed between p Chi square
1939–1965 (PS1) 1990–2001 (PS2)
n=367 (%) n=736 (%)

(DR7)-DQA1*02-DQB1*02 14 (3.8) 38 (5.2)
(DR3)-DQA1*05-DQB1*02 179 (48.8) 301 (40.9) 0.015 5.9
(DR4)-DQA1*03-DQB1*0301 10 (2.7) 13 (1.8)
(DR5)-DQA1*05-DQB1*0301 11 (3.0) 33 (4.5)
(DR4)-DQB1*0302 283 (77.1) 523 (71.1) 0.04 4.3
DRB1*0401-DQB1*0302 226 (61.6) 414 (56.3)
DRB1*0402-DQB1*0302 1 (0.3) 2 (0.3)
DRB1*0403-DQB1*0302 1 (0.3) 6 (0.8)
DRB1*0404-DQB1*0302 61 (16.6) 121 (16.4)
(DR7)-DQA1*02-DQB1*0303 3 (0.8) 0 (0.0) 0.04
(DR9)-DQA1*03-DQB1*0303 25 (6.8) 63 (8.6)
(DR8)-DQB1*04 49 (13.4) 118 (16.0)
(DR1)DQB1*0501 79 (21.5) 149 (20.2)
(DR16)-DQB1*0502 2 (0.5) 2 (0.3)
(DR14)-DQB1*0503 1 (0.3) 9 (1.2)
(DR15)-DQB1*0602 1 (0.3) 19 (2.6) 3.2×10–3

(DR1301)-DQB1*0603 7 (1.9) 36 (4.9) 0.025 5.1
(DR1302)-DQB1*0604 26 (7.1) 47 (6.4)
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groups in both patient series, although the difference
remained non-significant (Table 2). Frequencies of
moderate and low risk HLA genotypes did not differ
between the two time series; however, protective geno-
types were less prevalent in PS1 than in PS2
(p=4.3×10–4) (Fig. 1). This difference was detected
also between the corresponding age at onset groups
(PS1 G1 vs. PS2 G1 p=0.04; PS1 G3 vs. PS2 G3
p=3×10−3) (Table 2.). Protective genotypes were less
prevalent in the youngest group in both time series
(PS1: G1 vs. G2, p=0.03 ; G1 vs. G3, p=0.03 and PS2
G1 vs. G3 p=1×10−4 and G1 vs. G2, p=0.03) (Table 2).

The distribution of alleles and genotypes at MspI −
2221 C/T polymorphism at the insulin gene region
(11p15.5) did not show a difference between the two
patient series; TT/CT/CC genotype frequencies in the
two groups were as follows; PS1: 0.8%, 16.9%, 82.3%
vs. PS2: 0.7%, 15.7%, 83.6%, respectively. Similarly,
no difference was seen between the two patient groups
when allele and genotype frequencies at the +49 A/G
polymorphism at the CTLA4 gene (2q33) were com-
pared (AA/AG/GG genotype frequencies: PS1 19.1%,
52.0%, 28.9% vs. PS2 17.4%, 56.0, 26.6%, respec-
tively).

Discussion

In this study, we documented that the distribution of
HLA genotypes shows marked differences between
patients with childhood onset T1D diagnosed about 50
years apart.

A critical point in this study was the possibility of a
selection bias in collection of patients who were diag-
nosed with childhood onset T1D about 50 years ago
(Patient Series 1). During World War 2 diabetes mor-
tality was high all over Europe, however only 0.8% of
our cases were diagnosed before 1946 and most of the
cases in this patient group (94%) were diagnosed after
1954 which in fact excludes any major socio-econom-
ic confounders related to that period.

In addition, a considerable proportion of diabetes
cases diagnosed before 1965 have died due to end
stage renal disease or macrovascular complications.
However, there is no evidence, that HLA genotype af-
fects mortality from late diabetic complications, there-
fore we believe that our study was not confounded by
population selection bias [11, 12].

We found that the proportion of patients with high-
risk genotypes has decreased from 25.3 to 18.2%
while the fraction of children carrying protective ge-
notypes has increased to the same extent between the
two observation periods. The DQB1*0602, *0503, and
*0603 alleles were more protective in earlier years in
the 20th century, whereas a higher proportion of indi-
viduals carrying these alleles developed diabetes dur-
ing the more recent time period. There was no accu-
mulation of any individual (specific) genotype, which
could explain the increase observed in disease inci-
dence. On the contrary, the data are suggesting a more
general role for environmental factors. They also im-
ply that dynamic changes have occurred in the natural
history of T1D in a relatively short period of time. On
this topic there are only a few data published. It has
been found that the DR3 haplotype was more preva-
lent in patients diagnosed in the 1960’s than in pa-
tients diagnosed in the 1980’s, while no differences
were observed in relation to the DR4 haplotype [8]. In
another study, fluctuations were seen in the frequen-

Fig. 1. Distribution of HLA DR-DQ genotypes in patients with
Type 1 diabetes diagnosed during the periods of 1939–1965
(PS1-white bars) and 1990–2001 (PS2-black bars

Table 2. Frequencies (%) of Type 1 diabetes susceptibility and protective HLA genotypes in different age groups of patients with
Type 1 diabetes diagnosed during the periods of 1939–1965 and 1990–2001

HLA genotypes Odds ratio Patients diagnosed between Patients diagnosed between p
1939–1965 (n=367) % 1990–2001 (n=736) %
Age at diagnosis (years) Age at diagnosis (years)

<5 5–9.99 10–14.99 <5 5–9.99 10–14.99 
(n=88) (n=134 ) (n=145) (n=205) (n=287) (n=244)

High risk 59.5 29.6 25.4 22.8 20.0 18.1 16.8 NS
Moderate risk 5.1–18.0 47.7 47.0 47.6 48.3 46.7 41.4 NS
Low risk 1.6–2.4 21.6 20.2 22.1 25.4 22.3 22.5 NS
Protective genotypes 0.02–0.46 1.1a 7.5 7.6b 6.3a 12.9 19.3b a0.04 b0.003



cies of the DR3 haplotype and the DR3/4 combination
without any clear trend [7].

We observed that the HLA haplotypes and geno-
types associated with increased diabetes risk were
more prevalent while protective haplotypes and geno-
types were more rare in the youngest age group that
indicates a stronger HLA effect in very young chil-
dren. These phenomena were equally pronounced in
patients diagnosed before 1965 and in those diagnosed
after 1990, which confirms a conserved age-dependent
role for HLA DQ molecules in a changing environ-
ment. Similar age-dependent heterogeneity in frequen-
cies of diabetes associated HLA haplotypes was re-
ported earlier by our group and others [13, 14].

The increase in incidence of T1D diabetes is a gen-
eral trend seen in almost all developed countries. In
this respect, it is interesting to note that when compar-
ing the frequencies of the HLA DR3-DQ2/DR4-DQ8
genotype in patients with T1D in Europe, we observed
that this high risk genotype was more prevalent in pa-
tients from countries with a low disease incidence
suggesting that these populations are at an earlier
stage of the natural evolution of diabetes history 
[15, 16]. The declining protective efficiency of
DQB1*0603 is reflected in fact in the behaviour of the
DQB1*0302/DQB1*0603 genotype which was in-
creased among patients diagnosed during the later
time period and we observed this particular genotype
to be associated with T1D in Finland, whereas in sev-
eral other populations with lower diabetes incidence
no such disease association has been detected [17].

The findings of this study indicate that the relative
probability to develop disease in subjects with low or
medium risk HLA genotypes has considerably in-
creased during the last 30 years. We observed that the
absolute risk of individuals with risk genotypes
[(DR3)-DQA1*05-DQB1*02/v or DR4-DQB1*0302/s
where v≠DQB1*0602, *0603, *0301 and s≠DQB1
*0602] to develop disease has increased 2.3 times in
the 1990’ s as compared to the middle of the 20th cen-
tury while absolute risk of individuals carrying protec-
tive genotypes has risen 7.1 times. The HLA high risk
DR3-DQ2/DR4-DQ8 genotype had a stronger relative
disease predisposing effect (OR=15.1, 95% CI
11.9–19.2) in the middle of the previous century than
in the 1990’s (OR=9.8, 95% CI: 8.24–11.7). Similarly,
protective haplotypes seemed to have a stronger effect
in the earlier time series (OR=0.02, 95% CI:
0.01–0.05 in patients diagnosed before 1965 vs.
OR=0.07, 95% CI: 0.05–0.09 in patients diagnosed af-
ter 1990).

Temporal changes observed in the distribution of
HLA genotypes in children with Type 1 diabetes indi-
cate that importance of disease risk HLA genotypes,
as being the major genetic disease determinant, in
controlling initiation and/or progression of immune
mediated beta-cell destruction has been gradually de-
creasing during the last decades. It is clear that several

viruses – like rubella and mumps – that caused diabe-
tes in a fraction of patients have practically been erad-
icated from Europe. Interestingly, frequency of infec-
tions caused by enteroviruses has also been rapidly
decreasing in the Finnish population since the early
1980’s [18]. Since the role of HLA in determining
mechanisms by which viruses induce beta-cell dam-
age has not been defined yet, the relation between
temporal patterns of viral infections and our observa-
tions remains an enigma [19].

New food constituents and changes in our eating
habits have affected the microbial colonization of the
gut and have probably influenced development and
maturation of mucosal immune system which seems
to be important in the development of Type 1 diabetes
[20] . Similarly, the role of HLA in controlling self
tolerance in the gut associated lymphoid tissue re-
mains to be clarified.

We tested the possibility of a time-dependent pat-
tern in the genotype distribution of two non-HLA dis-
ease susceptibility loci, as well. IDDM2 locus that
corresponds to the insulin gene region (11p15) and
IDDM12-CTLA4 gene region are confirmed T1D sus-
ceptibility loci [21, 22, 23, 24, 25]. We studied MspI −
2221 C/T polymorphism at IDDM2 and CTLA4 gene
+49 A/G polymorphism that showed a disease associ-
ation in the Finnish population (AP. Laine, unpub-
lished observations). However, no significant tempo-
ral variation was found in the frequencies of geno-
types at these disease polymorphisms. This might in-
dicate that they do not interact with factors in the sur-
rounding environment or disease associated polymor-
phisms at these loci are not under selection pressure;
however, these results are not conclusive because of
the weak contribution of these genes to disease sus-
ceptibility.

In conclusion, we have shown that considerable
temporal changes have occurred in the distribution of
T1D associated HLA genotypes over the last 50 years.
This observation implies an increasing environmental
pressure resulting in higher penetrance of disease espe-
cially in individuals with protective HLA genotypes.
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