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Abstract
Aims/hypothesis The aim of this study was to examine the
incidence and trends of type 1 and type 2 diabetes in the
15–39 year-old population between 1992 and 1996 in
Finland.
Subjects and methods Data on the nationwide incidence of
diabetes were obtained from four data sources: standardised
reports from diabetes nurses, the Finnish National Hospital
Discharge Register, the Drug Reimbursement Register and
the Drug Prescription Register. The inclusion criterion was
consistency in the diagnosis of diabetes across at least two
data sources. The sex- and age-specific incidence was
calculated for 5-year age groups, both for type 1 and type 2
diabetes. The effects of age, sex and year of diagnosis were
assessed by fitting the linear regression model to the
incidence data.
Results Between 1992 and 1996 the age-adjusted incidence
of type 1 diabetes among 15–39 year olds was 15.9 per
100,000/year. The incidence was highest among the 15–19

year olds and decreased with age. Conversely, the incidence
of type 2 diabetes was very low among 15–19 year olds and
increased with age. The total age-adjusted incidence of type
2 diabetes among 15–39 year olds was 11.8 per 100,000/
year. The average annual increase in the incidence of type 2
diabetes was 7.9% (95% CI 3.7–12.2%).
Conclusions/interpretation The age at which the Finnish
population is at risk of type 1 diabetes extends into young
adulthood. The rapid increase in the incidence of type 2
diabetes in the young adult population is a current public
health problem.
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Introduction

Type 1 diabetes is defined by hyperglycaemia with an
absolute deficiency in insulin secretion [1]. Individuals at
increased risk of developing type 1 diabetes can often be
identified by evidence of an immune-mediated process
occurring in the pancreatic islets [2], which may be detected
many years before disease onset. Type 2 diabetes is
characterised by both resistance to the effect of insulin
and the inability of beta cells to maintain an adequate level
of insulin secretion [3]. Another specific type of diabetes
includes diabetes caused by genetic defects affecting beta
cell function or insulin action, other genetic syndromes
associated with diabetes, diseases of exocrine pancreas,
endocrinopathies, drug-induced or chemical-induced diabe-
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tes, or infection. Gestational diabetes represents a fourth
type of this disease [1, 3].

The worldwide variation in the incidence of childhood
type 1 diabetes within and between populations is remark-
able [4, 5], and Finland has the highest incidence. A
common feature of the incidence of type 1 diabetes in most
populations is the increase in incidence with age up to
puberty; however, in the Finnish population, a high
incidence is seen even in pre-pubertal samples [6]. In most
populations participating in the Diabetes Mondiale (DIA-
MOND) study, incidence increased with age and was found
to be highest in children aged 10–14 years [5]. However,
type 1 diabetes can develop at any age. It has been
estimated that in approximately half of the cases the
diagnosis of type 1 diabetes is made after the age of
15 years [7–9]. Recently published studies have shown that
among young adults with type 1 diabetes, the proportion
who received the diagnosis between the ages of 15 and
35 years varied from 76 to 91%, while the proportion of
young adults with type 2 diabetes who received the
diagnosis over the same age range varied from 7 to 24%
[10–12].

The aetiology of type 1 diabetes is still largely unknown,
but it is obvious that both genetic and environmental factors
operate together to initiate a destructive process in the
pancreatic beta cells, which leads to the onset of clinical
diabetes. Reasons for the wide variability in the age of
onset of type 1 diabetes are unclear. Furthermore, it has
been suggested that the data on aetiological factors and
natural history obtained in studies on diabetic children may
not be fully applicable to type 1 diabetes patients diagnosed
after childhood [13–17].

The incidence of type 1 diabetes among Finnish children
younger than 15 years of age is the highest in the world [4,
5]; however, there are no data available on the incidence of
diabetes incidence among young Finnish adults.

The clinical onset of type 2 diabetes typically occurs
during adulthood, and the incidence increases with age [18,
19]. It has been assumed that type 2 diabetes is rare in
individuals younger than 30 years of age, but in recent
years there has been in increase in the incidence of type 2
diabetes in younger age groups [9, 20–23] and there is a
paucity of population-based data on the proportion of
young adults diagnosed with this disease [12].

The aim of the present register-based epidemiological
study was to determine the incidence of diabetes in Finnish
individuals aged 15–39 years.

Subjects and methods

Information on diagnoses of diabetes were collected on
individuals aged 15–39 years who were diagnosed and

resident in Finland between 1992 and 1996. The National
Advisory Board on Health Care Ethics approved the study
plan. Data were obtained from four different sources:

1. All new cases of diabetes mellitus were reported to the
Diabetes and Genetic Epidemiology Unit of the
National Public Health Institute in Finland using
standardised forms administered by diabetes nurses in
hospitals and primary care diabetic clinics in Finland.
The date of diagnosis of diabetes and the date of
initiation of insulin treatment were included in the
forms.

2. The Drug Reimbursement Register of the Social
Insurance Institute comprises information on persons
entitled to free-of-charge medication for diabetes.
Glucose-lowering agents (insulin and oral medication)
prescribed by a physician are free of charge in Finland
and are subject to the approval of a physician at the
Institute who reviews each case history. Patients who
apply for free-of-charge medication must attach a
detailed medical statement prepared by the treating
physician, who provides data to confirm the diagnosis
of diabetes.

3. Since late 1994, all prescriptions are included in the
Drug Prescription Register of the Social Insurance
Institute. Prescriptions searched for were for all the
class A10 drugs in the WHO Anatomical Therapeutic
Chemical Classification and Defined Daily Dose (drugs
used in diabetes; insulin and analogues, blood glucose-
lowering drugs, other drugs used in diabetes; available
from http://www.whocc.no/atcddd/, last accessed in
March 2007).

4. The Finnish National Hospital Discharge Register
maintained by the National Research and Development
Centre for Welfare and Health includes up to four
hospital discharge diagnoses for patients who have
been admitted to the hospital ward. The treating
physicians assign diagnostic codes using the Interna-
tional Classification of Diseases (ICD; ICD-9 until
1995 and ICD-10 from 1996 onwards; available from
http://www.who.int/classifications/icd/en/, last accessed
in March 2007). The Finnish versions of ICD-9
included also information about the type of diabetes.

The date of the first entry in one of these registers
between 1992 and 1996 was used as the date of diagnosis.
The diagnosis of diabetes was determined by linking the
data from different registries using the unique personal
identification number assigned to every Finnish resident in
the 1970s and since then assigned at birth or immigration
into the country. The inclusion criterion for the study was
the consistent diagnosis of diabetes across at least two data
sources. The type of diabetes was classified as type 1, type
2 or undefined type of diabetes using the information from
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the four data sources. The diagnoses made in hospitals were
based on clinical characteristics, C-peptide measurements
and, for a proportion of the patients, GAD antibody
measurements. Detailed information on the medication
taken was available from the Social Insurance Institute
and the standardised forms were used in the classification
as follows: (1) Only temporary entitlement to free-of-charge
medication was counted as one source referring to type 2
diabetes, because patients with type 1 diabetes are given
permanent entitlement at diagnosis. (2) Insulin administered
immediately at diagnosis and continued until the end of the
available information on the Drug Prescription Register
(end of the year 2004) was considered to refer to type 1
diabetes. (3) Treatment with oral glucose-lowering agents
alone was considered to refer to type 2 diabetes. (4) When
insulin was first administered years after diagnosis con-
clusions could not be made as to the type of diabetes, as type
1 diabetes can have a slow onset in young adults, and insulin
may be required during the natural course of type 2 diabetes.

Autoantibody measurements, apart from those used in
the hospitals, were not used for classification as the study
was register-based and blood was not drawn from the study
subjects. The cases with equivocal information on the type
of diabetes were investigated further. The original applica-
tions for free-of-charge medication were obtained from the
Social Insurance Institute. The documents prepared by
treating physicians were first reviewed by one of the
authors (N. Lammi) for assignment of type of diabetes.
The information available for the unclear cases who had not
applied for free-of-charge medication were reviewed and
classified by two professionals (N. Lammi and M.
Karvonen). Most of these cases were found to have
gestational diabetes and were excluded from the study.
Patients who were categorised as having ‘other specific
type of diabetes’ according to the American Diabetes
Association definition (including genetic defects of the beta
cell, genetic effects on insulin action, diseases of the exocrine
pancreas, endocrinopathies, drug- and chemical-induced
diabetes, infections, uncommon forms of immune-mediated
diabetes and other genetic syndromes sometimes associated
with diabetes) [3] were also excluded from the study.

A total of 5,195 cases were ascertained from the data
sources (case found from at least one data source). The
excluded cases were distributed as follows: there were
1,268 women diagnosed with gestational diabetes, 216
patients with secondary forms of diabetes, and 717 people
whose diagnosis of diabetes could not be confirmed from
two sources (of these 717 individuals, 16 could be found
only in the Drug Reimbursement Register, 542 only in the
Drug Prescription Register, 139 only in the Hospital
Discharge Register and 20 only on the standardised form).

The completeness of registration was confirmed by
estimating the degree of ascertainment using the capture–

recapture method [24], where the standardised form was the
primary source, and Hospital Discharge Register and Social
Insurance Institution together formed the secondary source.
The estimate of ascertainment for all diabetes cases (type 1,
type 2 and undefined type together) was 88% (annual
variation 88–90%).

Statistical methods The sex- and age-specific incidence
was calculated for 5-year age groups (15–19, 20–24, 25–
29, 30–34 and 35–39 years). Age-standardised annual
incidence rates were calculated using the WHO standard
European population, where the age groups in question are
identical in size. The observed cases were assumed to result
from a Poisson distribution, and the exact 95% CIs were
approximated as previously described [25]. The ratio of
men:women was calculated for each age group and diabetes
type, and the corresponding 95% CI was evaluated [26].
The effects of age, sex and year of diagnosis were assessed
using a generalised linear model (glm) for Poisson family
with a logarithmic link. Various covariate and cross-term
combinations were considered, and the goodness-of-fit was
compared using Akaike’s Criteria. All statistical analyses
were performed using R software (available from http://
www.R-project.org/, last accessed in March 2007).

Results

Of the 2994 diabetic patients aged 15–39 years when
diagnosed with diabetes between 1992 and 1996 who were
included in this analysis, 46.4% (1,388/2,994) had type 1
diabetes, 37.4% (1,121/2,994) had type 2 diabetes, and
16.2% (485/2,994) were classified as having undefined
diabetes. The incidence rates according to sex and 5-year
age group are shown in Table 1 and Fig. 1. In this section
the incidence rates are presented per 100,000 of the
population per year. The overall age-adjusted incidence of
type 1 diabetes was 15.9. The incidence of type 1 diabetes
was significantly higher in men than in women in all age
groups. The overall ratio of men:women was 1.7 (incidence
of 20.1 in men and 11.8 in women). For both sexes the
incidence of type 1 diabetes was highest in the youngest
age group (15–19 years) studied, in which it was 22.5 in
total (27.1 in men and 17.6 in women), and decreased to
10.1 in the group aged 35–39 years (12.6 in men and 7.5 in
women).

The overall incidence of type 2 diabetes among 15–
39 year olds was 11.8 (12.7 in men and 11.0 in women).
Contrary to the results for type 1 diabetes, the incidence of
type 2 diabetes was low, with a rate of 0.5 in the youngest
age group (0.4 in men and 0.6 in women), and increased
with age, up to 29.9 among the 35–39 year olds (36.3 in
men and 23.3 in women).
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Statistical modelling indicated that age (p<0.001) and sex
(p<0.001 for type 1 diabetes and p=0.01 for type 2 diabetes)
were both statistically significant factors that modify the
incidence of both types of diabetes (Tables 2 and 3).
Although there was no statistically significant trend in the
incidence of type 1 diabetes over time, the age-standardised
incidence was slightly increased among men and slightly
decreased among women over the 5-year study period. The
difference in incidence between sexes increased significant-
ly with time at an average rate of 10.5% per year (Fig. 2a).
The incidence of type 1 diabetes decreased with age at the
same rate in both men and women, while the age profiles for
the incidence of type 2 diabetes differed significantly between
sexes (p<0.001) (Table 3 and Fig. 2b). The incidence of type
2 diabetes increased, on average, by 7.9% (3.7–12.2%) per
year between 1992 and 1996 (p<0.001).

The incidence of undefined type of diabetes (including
uncertain type 1 and type 2 diabetes and other unclassified
forms of diabetes) was 5.3. The number of undefined cases
of diabetes was smallest in the youngest age groups (9.2% in
the group aged 15–19 years vs 17.5% group aged 35–
39 years).

Discussion

This, the first nationwide study on the incidence of diabetes
among 15–39 year olds in Finland, was based on linking

the register data from several sources. The classification of
diabetes was verified using the available data sources and,
if necessary, complemented by reviewing records. The most
important finding of the present study was probably the
rapid annual increase (7.9%) in the incidence of type 2
diabetes among young adults. This increase was more than
twofold greater than the previously reported annual increase
in the incidence of type 1 diabetes in the population aged
14 years or younger (∼3%) [5, 6]. Among this young adult
population, we did not observe an increase in the incidence
of type 1 diabetes over the 5-year period of study. Although
the incidence of type 1 diabetes decreased with age, the
level in the group aged 35–39 years was still high. The
incidence of type 1 diabetes among young adults is also
relatively high in Finland compared with other countries
[5]. Type 2 diabetes was rare among the youngest age
group (15–19 years), but the incidence increased sharply
with age. The rapidly increasing incidence of type 2
diabetes among young adults will be a notable public
health problem in the near future, and if the incidence has
continued to rise at the same rate since the study end, the
problem may well already be apparent.

The national healthcare registers in Finland are reliable,
and the coverage and the accuracy of them has been
confirmed to be very good [27, 28]. In a previous study, the
overall sensitivity of the Hospital Discharge Register and
the Causes of Death Register for a diagnosis of myocardial
infarction was 83% and the positive predictive value was

Table 1 Incidence of type 1, type 2 and undefined type of diabetes mellitus in Finland between 1992 and 1996

Type of
diabetes

Age
group
(years)

Men Women Total Ratio of men
to women

Cases Incidencea 95% CI Cases Incidencea 95% CI Cases Incidencea 95% CI Ratio 95% CI

Type 1
diabetes

15–19 225 27.1 (23.7–30.9) 140 17.6 (14.8–20.8) 365 22.5 (20.2–24.9) 1.5 (1.25–1.90)
20–24 157 19.9 (16.9–23.2) 92 12.2 (9.8–14.9) 249 16.1 (14.2–18.3) 1.6 (1.26–2.11)
25–29 190 20.9 (18.0–24.1) 99 11.3 (9.2–13.8) 289 16.2 (14.4–18.2) 1.8 (1.45–2.35)
30–34 192 19.8 (17.1–22.8) 96 10.3 (8.4–12.6) 288 15.2 (13.5–17.0) 1.9 (1.50, 2.45)
35–39 125 12.6 (10.5–15.0) 72 7.5 (5.9–9.5) 197 10.1 (8.8–11.6) 1.7 (1.25–2.23)
Totalb 889 20.1 (18.8–21.4) 499 11.8 (10.8–12.9) 1,388 15.9 (15.1–16.8) 1.7

Type 2
diabetes

15–19 3 0.4 (0.1–1.1) 5 0.6 (0.2–1.5) 8 0.5 (0.2–1.0) 0.4 (0.14–2.40)
20–24 15 1.9 (1.1–3.1) 23 3.0 (1.9–4.6) 38 2.5 (1.7–3.4) 0.6 (0.33–1.19)
25–29 40 4.4 (3.1–6.0) 95 10.9 (8.8–13.3) 135 7.6 (6.4–9.0) 0.4 (0.28–0.59)
30–34 198 20.4 (17.6–23.4) 160 17.2 (14.7–20.1) 358 18.8 (16.9–20.9) 1.2 (0.96–1.46)
35–39 360 36.3 (32.6–40.2) 222 23.3 (20.3–26.5) 582 29.9 (27.5–32.4) 1.6 (1.32–1.84)
Totalb 616 12.7 (11.7–13.7) 505 11.0 (10.1–12) 1,121 11.8 (11.2–12.6) 1.2

Undefined
diabetes

15–19 21 2.5 (1.6–3.9) 17 2.1 (1.2–3.4) 38 2.3 (1.7–3.2) 1.5 (0.62–2.24)
20–24 21 2.7 (1.6–4.1) 28 3.7 (2.5–5.4) 49 3.2 (2.3–4.2) 0.8 (0.41–1.26)
25–29 41 4.5 (3.2–6.1) 61 7.0 (5.3–9.0) 102 5.7 (4.7–6.9) 0.7 (0.43–0.96)
30–34 68 7.0 (5.4–8.9) 63 6.8 (5.2–8.7) 131 6.9 (5.8–8.2) 1.0 (0.73–1.45)
35–39 112 11.3 (9.3–13.6) 53 5.6 (4.2–7.3) 165 8.5 (7.2–9.9) 1.8 (1.47–2.82)
Totalb 263 5.6 (4.9–6.3) 222 5.0 (4.4–5.7) 485 5.3 (4.9–5.8) 1.1

a Per 100,000/year
b Age-adjusted
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90% [27]. In addition, the Drug Reimbursement Register is
a reliable data source because the reimbursement of
medication costs provides the patient with a marked
financial benefit; consequently, most drug-treated diabetic
patients apply for this. Despite the good quality of Finnish
register data, there are reasons to assume that the number of
cases with type 2 diabetes was underestimated in this study.

A Finnish prevalence study revealed that the proportion of
undiagnosed type 2 diabetes patients was almost equal to
the proportion of diagnosed patients among the population
aged 45–64 years in 1992 [29]. Patients with type 2
diabetes who were treated with lifestyle counselling alone
could not be captured using this method unless they were
reported by diabetic nurses or were listed in the Hospital
Discharge Register. Thus it can be assumed that some of the
‘milder’ cases of type 2 diabetes could not be captured. In
addition, the Drug Prescription Register did not cover the
first 2 years of the study period. Our estimations for the
incidence rates reported here, particularly the incidence of
type 2 diabetes, are therefore conservative.

Classification of diabetes in young adults is challenging
and potential misclassification can happen, especially at the
first encounter with a physician. In this study, 16.2% of the
cases were classified as undefined, because some patients
had discordant diagnoses of type 1 or type 2 diabetes using
the different data sources. In rare cases, adequate informa-
tion was not available for classification. However, the
classification procedure used in this study ensures that all
the cases in the ‘type-undefined group’ were diabetic. As
the clinical onset of type 1 diabetes in adults may be less
dramatic than in children, type 1 diabetes may masquerade
as type 2 diabetes for several years [30, 31]. In particular,
patients with atypical type 1 diabetes feature some of the
characteristics of type 2 diabetes, such as the metabolic
syndrome and a fluctuating need for insulin [31]. On the

Table 2 Results of generalised linear model fitting to type 1 diabetes
mellitus

df Deviance Residual
df

Residual
deviance

p
value

Intercept 49 228.47
Age group 4 86.97 45 141.49 <0.001
Sex 1 95.05 44 46.45 <0.001
Year 1 0.04 43 46.41 0.849
Sex × year 1 8.64 42 37.77 0.003

Table 3 Results of generalised linear model fitting to type 2 diabetes
mellitus

df Deviance Residual
df

Residual
deviance

p
value

Intercept 49 1,056.60
Age group 1 12.25 48 1,044.35 <0.001
Sex 1 6.82 47 1,037.53 0.01
Year 4 955.70 43 81.83 <0.001
Sex × age
group

4 51.52 39 30.31 <0.001

Fig. 1 Incidence (per 100,000/year) of type 1 (brown), type 2
(salmon) and undefined type (beige) of diabetes in Finnish men (a)
and women (b) between 1992 and 1996
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other hand, type 2 diabetes patients might present signs of
systemic inflammation and might have autoantibodies against
pancreatic beta cells [32–34]. HLA alleles and haplotypes
associated with type 1 diabetes occur more frequently than
expected in type 2 diabetic patients [34–36], and patients
with type 2 diabetes have been reported to present with a
decreased functional beta cell mass [35]. Taken together, it is
obvious that the traditional classification of diabetes is very
difficult, and it has been intensely criticised [37].

The incidence of type 1 diabetes in Finland is highest in
the group aged 10–14 years, reaching a maximum during
puberty (40.6 per 100,000/year) [38]. Among the young
adult population of Finland the incidence of type 1 diabetes
was highest in the youngest age group (15–19 years), but
was considerably lower than in children aged younger than
15 years. A similar age distribution has been reported from
other areas with a high incidence of childhood type 1
diabetes, such as Sweden, Sardinia (Italy) and Yorkshire
(UK) [17]. It would appear that in the areas with a high
incidence of childhood type 1 diabetes, the incidence falls
steeply after 15 years of age, whereas in areas with a lower
incidence of childhood type 1 diabetes, such as Catalonia
(Spain) and Lithuania, the incidence decreases gradually
with age or remains at the same level as observed in
childhood [17]. However, despite the rapid fall in incidence
after 15 years of age, the incidence of type 1 diabetes in
young adults in Finland is still high compared with that in
other countries [4, 5], and it seems that the age at which the
Finnish population is at risk of type 1 diabetes extends into
adulthood rather than being restricted to childhood or
adolescence.

The higher incidence of type 1 diabetes in men
compared with women among young adults is consistent
with previous observations in Sweden [14], Italy [39] and
Libya [40]. A slight male excess (ratio of men:women of
1.1) in the incidence of type 1 diabetes in children younger

than 15 years in Finland has previously been reported [5].
The cause of the higher incidence in male children and
adults is unknown. Possible explanations include external
aetiological factors, such as increased susceptibility to viral
infections [14], hormonal differences and the metabolic
burden conferred by android fat distribution [17]. More-
over, the difference in type 1 diabetes incidence between
sexes seems to be increasing in Finnish young adults.

The rising incidence of type 2 diabetes in young adults
and adolescents has been globally acknowledged [21]. The
incidence data are scarce, the highest numbers of type 2
diabetes in young adults have been reported in non-Europid
ethnic groups [11, 21] but the age of diagnosis of type 2
diabetes has decreased also in Europid populations [41, 42].
Consistent with these reports, our results indicate that a
considerable number of Finnish patients are diagnosed with
type 2 diabetes before the age of 40. In Finland, the
incidence of type 2 diabetes is high, but rates are difficult to
compare because most previous studies on the occurrence
of type 2 diabetes among young adults are based upon
prevalence rates or have been case studies. However, it
would appear that the incidence of type 2 diabetes in young
adults in Finland does not reach the levels reported by
studies conducted in the USA [43] or Libya [40].

The association between obesity and type 2 diabetes is
well documented [44]. Concomitant with the rising inci-
dence of type 2 diabetes, the proportion of overweight
adolescents has been seen to continuously increase in
Finland [45]. In recent reports, the prevalence of the
metabolic syndrome has been shown to increase in parallel
with increasing BMI and decreasing physical fitness in
young Finnish men [46, 47]. However, the rate of increase
in the incidence of type 2 diabetes in this study is
considerably high, and extended surveillance of the
incidence will show whether this trend is continuing. It is
also noteworthy that the Drug Prescription Register did not

Fig. 2 Observed and estimated
annual incidence trends for type
1 (a) and type 2 (b) diabetes in
young adults (men squares;
women triangles) in Finland.
The light grey lines show esti-
mated trends, and the shaded
area in (a) indicates the 95%
confidence interval
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cover the beginning of the study period, which might have
caused some cases to fall out from the first examined years
and consequently heighten the upward trend.

In conclusion, in addition to the burden conferred by the
high incidence of type 1 diabetes in Finland, type 2 diabetes
among the young adult population seems set to become an
important public health problem in the near future. It has
been shown that active lifestyle interventions are effective
in the prevention of type 2 diabetes in the middle-aged
adults [48], and these interventions should also be directed
at younger populations.
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