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Abstract

Aims/hypothesis. We aimed to study the incidence of
Type I diabetes in 4 countries, Estonia, Latvia, Lithu-
ania and Finland, during 1983-1998, focusing on the
two separate periods of 1983-1990 and 1991-1998.
Methods. Population-based incidence data from na-
tionwide diabetes registries were used. Crude and
age-standardized incidence rates using the propor-
tions of 39%, 32% and 29 % for 5-year age groups
(04, 5-9 and 10-14 years) were calculated. Yearly in-
cidence was evaluated and the means between the
two periods compared.

Results. Between 1983-1990 and 1991-1998 there was
a statistically significant incidence increase in all 4
countries of Estonia, Lativia, Lithuania and Fin-
land (relative risk 1.15, 95%-Confidence interval
1.10-1.19) and as well as in the 3 Baltic states of Esto-
nia, Latvia, Lithuania (relative risk 1.13, 95 %. Confi-
dence interval 1.04-1.22). The crude incidence in-

creased in Estonia from 10.1 (95 %-Confidence inter-
val 8.9-11.4) to 12.3 (11.0-13.8), in Latvia from 6.6
(5.8-7.3) to 7.4 (6.6-8.2) and in Lithuania from 6.8
(6.2-7.5) to 7.8 (7.1-8.5). In Finland the incidence
rose from 34.6 (33.3-36.0) in 1983-1990 to 40.8
(39.4-42.2) in 1991-1998. In children under 5 years
of a age a statistically important increase was seen in
Estonia and Finland. The highest incidence for a sin-
gle year was recorded for all participating countries
in the late 1990 s. The highest annual incidence rate
of childhood onset Type I diabetes in the world ever
known was recorded in Finland in 1998 with 48.5
cases per 100 000 person-years.
Conclusion/hypothesis. The incidence of Type I dia-
betes has increased since 1983 in the three Baltic
states as well as in Finland. Long-term monitoring is
needed for a better detection in changes in incidence.
[Diabetologia (2001) 44 [Suppl 3]: B17-B 20]
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The large gradient in the morbidity of childhood-on-
set Type I (insulin-dependent) diabetes mellitus in
the 3 Baltic states and Finland has been known for
many years [1-4]. Much of the data has been obtained
within the framework of EURODIAB ACE [2] and
DIABALT studies [3, 4]. Long-term data indicated
that the incidence of Type I diabetes is increasing in
most populations [5-7]. The incidence of Type I dia-
betes in Finland in the 1950s was slightly higher than
in the 3 Baltic states during the 1980 s and has in-
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creased linearly after that [8, 9]. The cause of Type I
diabetes, especially the environmental triggers, re-
mains to be explained. Many studies have focused
on the influence of socio-economic factors in the cau-
sation of Type I diabetes [10-14]. Estonia, Latvia and
Lithuania have experienced major social and eco-
nomic changes during the past two decades since
they regained independence in 1991 and changed
their path of development.

Our previous report on morbidity and Type I dia-
betes in the Baltic region during 1983-1992 revealed
no major important temporal changes apart from the
increase in the 0-4 year age group in Finland [4].
The purpose of this analysis was to investigate the in-
cidence of childhood-onset Type I diabetes in the 3
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Fig.1. Age-standardized incidence of childhood-onset Type I
diabetes in Estonia, Latvia, Lithuania and Finland, 1983-1998

Baltic countries and Finland during a longer period,
from 1983 to 1998, focusing on the two periods of
1983-1990 and 1991-1998. For the Baltic states these
two periods coincide with a time of depencence on
the former Soviet Union and independence. Special
attention was paid to the change in the incidence in
children under Syears of age.

Subjects and methods

Case ascertainment and validation procedures in the diabetes
registries in these countries have been previously described in
detail [3]. Annual population statistics by sex and age group
were available for Estonia, Latvia and Finland for the whole
study period. Reliable annual population data was obtained
for Lithuania for 1983-1997 and for 1998 the 1997 data was
used.

Statistical methods. The incidence was calculated per 100 000
persons at risk per year in a population. The 95 % -Confidence
interval (CI) for the incidence was assessed assuming the Pois-
son distribution of the cases. For purposes of comparison, inci-
dence of childhood-onset Type I diabetes was age standardized
by using the world standard population, i.e. proportions of
39%, 32% and 29 % for 0-4, 5-9 and 10-14 year age groups,
respectively [15]. The differences in incidence between sexes,
three age groups (0-4, 5-9, 10-14 years) and two periods
(1983-1990 versus 1991-1998) were estimated by 95 %-CIL.
Mantel-Haenszel tests were performed to evaluate the differ-
ences in incidence between the two periods, two sexes and
among the four countries.

Results

The mean incidence during the entire study period
was 11.2 (95%-CI 10.3-12.1) for Estonia, 6.9

(6.4-7.5) for Latvia, 7.3 (6.9-7.8) for Lithuania and
37.7 (36.7-38.7) for Finland. There was a male excess
in incidence in Estonia and Finland and a female ex-
cess in Latvia and Lithuania but the sex difference
reached statistical significance only in Finland
(p <0.001). The annual age-standardized incidence
of Type I diabetes in the four populations for the en-
tire period is given in Figure 1. Overall, between
1983-1990 and 1991-1998 there was a statistically sig-
nificant increase in all countries taken together (rela-
tive risk (RR) 1.15, 95% CI 1.10-1.19) and in the 3
Baltic countries alone (RR 1.13, 95%-CI 1.04-1.22).
The increase was seen in the 3 Baltic states when
pooled together although in individual countries sep-
arately the trend did not reach statistical significance.
The crude incidence increased in Estonia from 10.1
(8.9-114) to 12.3 (11.0-13.8); in Latvia from 6.6
(5.8-7.3) to 7.4 (6.6-8.2); and in Lithuania from 6.8
(6.2-7.5) to 7.8 (7.1-8.5). In Finland the incidence
rose from 34.6 (33.3-36.0) in 1983-1990 to 40.8
(39.4-42.2) in 1991-1998. The relative increase in the
crude incidence between the two periods, on average
eight years apart, was the highest in Estonia at
21.7% . In Finland the increase was 17.9 %, in Lithua-
nia 14.7% and in Latvia 12.1%. The absolute in-
crease in incidence was 6.2 cases per 100 000 person-
years in Finland, 2.2 cases in Estonia, 1.0 cases in
Lithuania and 0.8 cases in Latvia. The incidence in-
creased in both males and females in all 4 countries
(Table 1).

The highest incidence for a single year ever re-
corded for all participating countries were seen in
the late 1990 s. The highest annual incidence rate of
childhood-onset Type I diabetes ever known in the
world was recorded in Finland in 1998 at 48.5 per
100 000 person-years. In Estonia, the all-time high
was seen in 1997 when it reached 19.0 per 100 000 per-
son-years. Lithuania also experienced the highest
ever incidence 10.3 per 100 000 person-years during
1997. In Latvia the peak in annual incidence of 9.7
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Table 1. Mean age-specific incidence of Type I diabetes per 100 000 persons at risk per year, (number of cases) and 95 % -Confi-
dence interval by country, sex and age group, 1983-1990 compares with 1991-1998

Period Age group Latvia Lithuania Estonia Finland
Males Females Males Females Males Females Males Females
1983-1990 04 3.5(28) 3.4 (26) 4.6 (54) 3.4 (38) 3.5(17) 42(19) 24.8 (323) 21.9 (273)
[2.3-5.0] [2.2-5.0] [3.4-6.0] [2.4-4.6] [2.1-5.7] [2.5-6.5] [22.2-27.7] [19.4-24.7]
5-9 5.2(39) 7.2 (51) 7.6 (85) 8.5(91) 10.4 (48) 12.7 (56) 40.7 (539) 37.4 (473)
[3.7-7.1] [5.4-9.5] [6.1-9.4] [6.8-10.4] [7.6-13.7] [9.6-16.4] [37.4-44.3] [34.1-40.9]
10-14 11.3 (82) 9.4 (65) 8.2 (90) 9.1 (98) 17.3 (78) 13.2 (57) 45.6 (585) 36.9 (452)
[9.0-14.0] [7.2-11.9] [6.6-10.0] [7.4-11.1] [13.7-21.6] [10.0-17.1] [42.0-49.5] [33.6-40.5]
0-142 6.3 (149) 6.3 (142) 6.6 (229) 6.7 (227) 9.7 (143) 9.5 (132) 35.9 (1447) 31.2 (1198)
[5.3-7.4] [5.3-7.5] [5.8-7.5] [5.8-7.6] [8.2-11.4] [7.9-11.3] [34.1-37.8] [29.5-33.0]
1991-1998 04 4.3 (28) 4.3 (26) 42 (42) 3.6 (35) 10.3 (36) 7.5 (25) 31.3 (408) 32.4 (4006)
[2.9-6.3] [2.8-6.3] [3.0-5.6] [2.5-5.1] [7.2-14.2] [4.9-11.1] [28.3-34.4] [29.3-35.7]
5-9 6.7 (52) 8.7 (64) 5.7 (67) 9.5 (107) 11.7 (52) 9.6 (41) 45.1 (591) 47.1 (591)
[5.0-8.9] [6.7-11.1] [4.4-7.2] [7.8-11.5] [8.7-15.3] [6.9-13.0] [41.5-48.9] [43.4-51.1]
10-14 9.8 (73) 9.3 (67) 11.9 (133) 11.2 (121) 16.5 (74) 16.8 (73) 49.2 (655) 39.3 (500)
[7.7-12.4] [7.2-11,9] [9.9-14.1] [9.3-13.4] [12.9-20.7] [13.2-21.1] [45.5-53.1] [35.9-42.9]
0-142 6.7 (153) 7.2 (157) 6.9 (242) 7.7 (263) 12.5 (162) 10.9 (139)  40.9 (1654) 39.1 (1497)
[5.7-7.9] [6.1-8.4] [6.0-7.8] [6.8-8.7] [10.7-14.6] [9.1-12.8] [38.9-42.9] [37.1-41.1]

2 age-standardized population

per 100 000 person-years was documented in 1995,
and it was almost equally high in 1998.

In the youngest children under five years of age,
the incidence change was not uniform in the four
countries (chi-square = 11.408, DF =3, p <0.01). A
statistically significant increase for both sexes pooled
was observed in Estonia (RR 2.32, 95%-CI
1.56-3.46) and Finland (RR 1.36, 95%-CI
1.22-1.51). The relative increase in the youngest age
group was the highest in Estonia with 189 % increase
in males, 83 % in females. The increasing pattern in
the 04 year age group was even clearer when data
on complete birth cohorts of 1983-1987 and
1991-1995 were compared (data not shown). In Lat-
via a similar, but not significant trend, was observed.
The incidence did not change much for either sex in
Lithuania.

Discussion

This study reports the incidence of Type I diabetes in
four population-based cohorts from the Baltic region
during a 16-year period from 1983 to 1998. In all
countries the highest ever incidence of childhood dia-
betes was documented in the latter part of the 1990 s,
around 1997-1998. A new world record high inci-
dence of Type I diabetes was documented in Finland
in 1998, with close to 50 cases per 100 000 person-
years. The absolute increase in incidence in Finland
between the two study periods of 6.2 per 100 000 per-
son-years is close to the current level of incidence in
Latvia and Lithuania. Empirical data of our study
for Finland (17.9% increase over 8 years) agrees
well with a modelling approach from another study
covering a longer period [7]. The increase, however,

was largest in Estonian children of four years of age
or under.

We show increases in the incidence of Type I dia-
betes in these four populations by comparing the pe-
riods 1991-1998 and 1983-1990. The increase cannot
be attributed to improvements in case ascertainment.
In the three Baltic states the registration of new cases
of childhood-onset Type I diabetes has become more
difficult because of the decentralization of the health-
care system since 1991. Furthermore, the laws gov-
erning access to personal data have posed obstacles
to finding new patients. Maintaining the population-
based registries has thus become more difficult. If
anything, the incidence estimates obtained during
the most recent years could be underestimates when
compared with the data from the 1980 s. The nature
of the socio-economic changes in the Baltic states
since 1991 is manifold. The living standard has im-
proved for some and deteriorated for other segments
of the population. Considerable emigration from the
Baltic states has take place since 1991. Most of the
emigrees have been non-native inhabitants. In Esto-
nia for example, the population decreased from
1.6 million in 1990 to 1.4 million in 1998. We have
previously shown that in Estonia, the non-Estonians
have a lower risk of Type I diabetes compared with
Estonians [16]. Selective emigration could have con-
tributed to the increase in the overall incidence in Es-
tonia and in the other 2 Baltic states.

Changes in incidence might not be due to socio-
economic changes but to other temporally coinciding
factors leading to ecological (temporal) fallacy. At
the present we do not know whether the increase in
morbidity of Type I diabetes seen in the 3 Baltic
states is the result of having more power to detect sig-
nificant differences over a larger range of years start-
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ing already in 1980 s or due to drastic changes in the
society in the 1990 s.

A clear change was seen in the youngest age group
when the distinct mutually exclusive periods
1983-1990 and 1991-1998 were compared. We cannot
say that the incidence has changed in the older age
groups due to the same exposures because they also
experienced the pre-1991 influences. Until now the
evidence has suggested that the increase in the inci-
dence in the younger age group has been accompa-
nied by an increase in the overall incidence of child-
hood-onset Type I diabetes as in Finland [9]. During
our study period the highest relative increase in the
youngest age group was seen in Estonia. These find-
ings need to be compared with the incidence of Type
I diabetes in adults to detect the differences in the
lifetime risk for the birth cohorts. It is not known
whether the lifetime risk of Type I diabetes is levell-
ing off at a certain level or not. The increase in the in-
cidence of Type I diabetes in the youngest age groups
still remains an important concern as it increases the
number of years exposed to hyperglycaemia and
hence the risk of late complications.

Incidence increased more in Estonia than in Lat-
via and Lithuania and the gap in the incidence among
the 3 newly independent Baltic states could be widen-
ing. Differences, documented in our first comparative
paper on the Baltic region, have become more mani-
fest [3]. Despite some earlier contradictory reports
on the temporal variation in morbidity in Estonia in
1980s, the incidence has increased in all 3 Baltic
states [1, 17].

In conclusion, the incidence of Type I diabetes has
increased since 1983 in the 3 Baltic states as in Fin-
land. Long-term monitoring is needed to improve
the detection of changes in incidence in the future.
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