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Summary. Since 1 July 1977, all newly diagnosed diabetic chil-
dren in Sweden aged 0-14 years have been reported to a cen-
tral register. During the first 6 years, 2300 newly diagnosed
diabetic children out of a population of 1.6 million children
were registered. The degree of certainty was close to 100%.
The mean of the yearly incidence rate for the whole 6 year pe-
riod was 23.6 per 100000. The prevalence of insulin depen-
dent diabetes mellitus on 1 July 1980 was 1.48 per 1000 and
1.52 on 1 July 1983. Comparing the first and second 3-year pe-
riods, an increase was found (22.7-25.1 per 100000). This in-
crease was consistent when analyzing incidence rates by age,
sex, and geographical distribution. Cumulative incidence
rates revealed a risk of developing diabetes by the age of
15 years of 3.6 per thousand for boys and 3.2 per thousand for
girls. The higher incidence for boys was consistent throughout

the study period. Seasonal variations in the incidence rate
were also consistent, showing yearly incidence peaks in the
autumn and winter months. Incidence peaks were noted for
both sexes in the pubertal ages. Age- and sex-standardized
morbidity ratios varied significantly within the country. 12.8%
of the probands had a first degree relative with Type 1 diabe-
tes, and it was twice as common that this relative was a father
as a mother. The high and rapidly increasing incidence of
Type 1 diabetes in a genetically stable population such as Swe-
den calls for case-control studies directed towards the identifi-
cation of environmental pathogens.

Key words: Type1 diabetes, children, epidemiology, inci-
dence, prevalence.

Since 1 July 1977, all newly diagnosed diabetic children
in Sweden have been consecutively reported to a central
register in Stockholm. An analysis covering the first 3
years [1] revealed a mean annual incidence of 22.7 per
100000 children. While a higher incidence has been re-
ported from Finland, studies from other parts of Scan-
dinavia and the western world show lower incidence
rates [2-17]. Compared to a smaller retrospective Swed-
ish study conducted 1970-1975 [18], a small increase in
incidence rate (19.6 compared to 22.7 per 100000) was
noted. It is of special interest to study this tendency pro-
spectively, as several recent reports using different ret-
rospective methods [2, 3, 6, 11, 19-25] indicate an in-
crease in the incidence of Type 1 diabetes.

In our previous study, a geographical variation of
incidence rates within Sweden was noted. In accord-
ance with several other reports, the first three-year peri-
od showed peak incidences in the prepubertal years for
both boys and girls. A consistently higher incidence was
noted for boys in the younger (0-10 years) age groups.
Peak incidence of new cases were reached in the au-
tumn and winter.

The present analysis, covering registered data until
1 July 1983, is aimed at answering the following ques-
tions:

1. Is there an increase in the incidence of Type 1 diabe-
tes in Sweden?

2. Can significant geographical variations in incidence
rates be found within Sweden?

3. Are previously noted differences in incidence rates by
sex, by age and by season stable?

4. To what extent do Type1 (insulin-dependent) and
Type 2 (non-insulin-dependent) diabetes respectively
occur in first degree relatives?

Subjects and methods

In Sweden, all children aged 0-14 years with suspected diabetes are
referred to and treated at the pediatric clinics. After diagnosis all chil-
dren with diabetes are hospitalized during the first 1-3 weeks of ill-
ness. In the present study, all 44 pediatric clinics in the 24 counties of
Sweden reported their newly diagnosed diabetic patients to a central
register in Stockholm. A standardized form was used to record the
patients’ date of birth, sex, name and address of the hospital, date of
diagnosis of diabetes (i.e. the day when the first insulin injection was
given) and the presence of Type 1 (insulin-dependent) and/or Type 2
(non-insulin-dependent) diabetes in first degree relatives. Only insu-
lin-treated children are registered. The total number of children in the
different age groups and counties were obtained from the Swedish
Central Bureau of Statistics. The prevalence of diabetic children as of
1 July 1980 and 1 July 1983 was obtained by a questionnaire answered
by all pediatric clinics in Sweden. Every 12-month period, each clinic



G. Dahlquist et al.: Epidemiology of diabetes in Swedish children

4.0
!
c
s
3 IA
[¢] ’
E = /
o A
230 .
Q /]
Q /,
g
] ’
Q ’
£
/
220 y
5 &
3 Y
£ Iy
= n
o P
10 A
s
IA’
/A,
’A’
ok
0 2 4 6 8 10 12 14
Age (years)
Fig.1. Cumulative incidence of diabetes by age and sex. O——0
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Fig.2. Scattergram of the mean yearly incidence for the different
counties comparing 1977-1980 to 1980-1983. The line of identity is
indicated in the figure

received a list of the patients reported from their hospital. Nurses
were asked to check the list with the local hospital register and to re-
port on possibly missed cases. The percentage correction obtained by
these check-ups yielded a mean of 7.5% of previously non-reported
cases (6.6% during the first three-year period; 8.5% during the second
3-year period). Since the previously missed cases are included in the
present analysis, and since it can be assumed that all cases are locally
registered, the present study should include 100% of the diabetic chil-
dren.
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Statistical methods

A possible increase in incidence between the two three-year periods,
1977-1980 and 1980-1983, has been evaluated in terms of consistency
over geographical area (counties), sex, age and season. A linear regres-
sion through the origin of diabetes by county has been fitted on a re-
gression plot of referred counties. The slope of the regression line was
tested by means of a Student’s t-test. Consistency was measured by a
product moment correlation coefficient and Spearman’s rank correla-
tion coefficient. Comparisons between counties were carried out in
terms of standardized morbidity ratios (SMR: s) using the entire
country as the standard population. Indirect standardization has been
undertaken by age (in 5-year intervals), sex and time period (six 1-year
periods). Test-based confidence intervals of 95% were calculated
around SMR values. Age- and sex-specific incidence rates have been
translated into cumulative incidence rates (risks) using life table anal-
ysis. Sex differences and seasonal variations have been evaluated by
means of a chi-square (y?) test.

Results

Incidence, prevalence and risk of Type 1
diabetes in Swedish children

A total of 2300 children became Type 1 diabetic patients
during the 6-year period studied. Table 1 gives the mean
incidence and ranges for all 24 counties over the 6-year
period. Prevalence values on 1July 1980 and 1July
1983, respectively, are also given. The risk of developing
Type 1 diabetes by the age of 15 years in Sweden is 3.6
per 1000 for boys and 3.2 per 1000 for girls (Fig. 1).

Is Type 1 diabetes increasing in Sweden?

The overall change in incidence from 22.7 to 25.1 per
100000 and year, between the two 3-year periods
studied, can be statistically evaluated in several ways. In
15 of the 24 counties the incidence increased. In 8 coun-
ties there was a decrease, and 1 remained unchanged.
The average difference was +3.5 per 100000 and year,
disregarding the varying population sizes. A matched
Student’s t-test comparing the difference in incidence
rate in each county (df=23) during the two three-year
periods is statistically significant (p<0.05). A regression
plot shows that the correlation at county level between
the two three-year periods is remarkably low (Spear-
man’s rank correlation = 0.15). The equation of a regres-
sion line formed by the plot in Figure 2 constrained to
pass through the origin yields a slope of the line
f=1.12, which is significantly different from f=1 (p<
0.05) (f=1 then corresponds to no change). It may be
noted that if only one of the “outlyers” in Figure 2, e.g.
the county of Skaraborg, had been omitted, the signifi-
cance of the trend would increase considerably. The in-
crease by time can also be illustrated by the consistency
in the increase during the two 3-year periods with re-
gard to the cumulative rates for girls and boys (Fig.3) or
incidence by age groups (Fig. 4).

Can significant geographical variations
be found within Sweden?

To illustrate geographical variation, three equal inter-
vals of incidence have been used, i.e. 17.0-22.3,
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Fig.4. Incidence by age group for the two three-year periods studied.
0----- [0 0-4 years, A ----- A 5-9 years, O O 10-14 years

22.4-27.6 and 27.7-32.8 (Fig.5). The geographical pat-
tern has been analysed by comparing SMR figures for
the 24 counties by sex and by two calendar periods
(Fig.6). The results must be interpreted with great cau-
tion since the study units represent administrative re-
gions of considerable variation in population size
(Table 1). Thus, for some counties the number of cases
are rather few. In addition, the urban city areas domi-
nate the standard population to a great extent. The con-
sistency between the two three-year periods is low, as
previously displayed in the scattergram in Figure 2. For
two geographically close counties, Jonkoping [3]
(Table 1) and Kalmar [7] (Table 1), the SMR value is
well above that of the whole country (Fig.6); this was
true for both three-year periods studied. Two counties,
Kopparberg and Visterbotten [19, 23] (Table 1), showed
consistently low SMR values during both periods. For
Stockholm and Malmoéhus [1, 11] (Table 1), i.e. the two
counties with the highest population sizes, the small but
significant deviations from SMR must be regarded as
less important.
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Fig.5. Map of Sweden indicating the geographical variation in inci-
dence rate in a 3-graded scale. The counties are labelled as in Table 1

Are previously noted differences by sex,
age and season stable?

Table 2 gives age- and sex-specific incidence rates. The
overall incidence is somewhat higher for boys than for
girls during both time periods, with an average of 205
new cases occurring yearly among Swedish boys com-
pared to 176 girls (p<0.05). The excess in boys also
holds for 21 of the 24 counties. For both three-year peri-
ods the age group 5-9 years shows the opposite pattern;
i.e. there is a higher incidence for girls. Looking at inci-
dence rates by sex in 1-year age intervals (Fig.7), boys
seem to have an increased incidence rate over girls in
the youngest (0-4 years) age groups. In the prepubertal
period (10-12 years for girls and 12-14 years for boys),
the incidence reaches a maximum; a rapid decrease is
then seen for the girls. This pattern is consistent for both
3-year periods. The significant seasonal variation as
shown for the first 3-year period in an earlier report [1]
is still evident when analysing the 6-year material of
2300 children by sex (Fig.8) or age (Fig.9). Even in the
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Table 1. The mean annual incidence of Type 1 diabetes in children 0-14 years of age 1 July 1977-30 June 1983 and prevalence on 1 July 1980 and

1 July 1983, respectively

County area no. Total no. of children Mean yearly Incidence range Prevalence/1000 children
0-14 years of age. incidence
Mean of years 1977-1983  per 100000 1July 1980 1 July 1983
1. Stockholm 288483 20.6 19.3 22.8 1.0 1.42
2. Uppsala 51165 218 15.4 314 1.26 1.42
3. S6dermaniand 51334 28.9 17.7 35.8 1.62 1.47
4. Ostergotland 78544 24.0 18.9 281 1.79 127 -
5. Jonkoping 62054 32.8 15.5 49.6 1.71 1.88
6. Kronoberg 35682 23.8 16.7 33.0 1.45 1.58
7. Kalmar 46667 314 233 58.4 0.83 1.93
8. Gotland 11228 26.7 8.6 54.0 0.71 1.38
9. Blekinge 30585 24.0 10.1 36.3 1.71 1.70
10. Kristianstad 56604 23.0 13.9 26.6 117 1.21
11. Malmé&hus 141544 19.9 14.0 26.1 1.30 1.58
12. Halland 48869 20.1 12.2 29.0 1.48 1.32
13. Géteborg och Bohus 130928 25.6 19.5 35.6 1.43 1.62
14. Alvsborg 88060 231 17.7 345 1.18 1.39
15. Skaraborg 55706 23.3 10.8 391 2.10 1.63
16. Varmland 52574 27.3 21.5 357 1.75 1.79
17. Orebro 53157 27.0 18.2 399 218 2.14
18. Vastmanland 52793 27.8 18.2 43.0 2.65 1.88
19. Kopparberg 54547 1741 13.0 22.0 1.24 1.15
20. Géavleborg 54698 244 174 36.7 1.30 1.80
21. Vésternorrland 50955 271 17.2 351 1.30 1.55
22. Jamtland 24922 24.7 11.8 40.3 1.75 1.20
23. Visterbotten 48938 17.0 12.2 233 141 147
24. Norrbotten 55082 23.6 171 29.6 1.31 1.62
Total 1625681 23.6 22.6 25.6 1.48 1.54
youngest (0-5years) age group there is a slightly de- o 50 100 Sqﬂs%
creased incidence rate during the summer months. County[ T 1 T
]
1 L 1
What is the occurrence of Tipe 1 and Type 2 diabetes 2 1
in parents? : :l J
|
Of the probands, 12.8% had a first degree relative with 5 E ]
Type 1 (insulin-dependent) diabetes and 1.5% had a 6 i
. . . . 7 ! ]
first degree relative with Type2 (non-insulin-depen- 5 L T
dent) diabetes. Table 3 gives the distribution of parents 9 T
with Type 1 diabetes for proband girls and boys. The 10 I
chance of having a father with Type 1 diabetes was ap- n [
proximately twice the chance of having a mother with 12 -
; . 13 ]
Type 1 diabetes, but there was no difference by sex of 14 T
probands in this respect. Looking at age at onset (5-year 15 1
intervals) and seasonality, no difference was found be- 16 ]
tween probands with first degree relatives with Type 1 17 1
. . . 18 1 ]
diabetes and those without such relatives. 19 [ ;
20 ]
. . 21 T ]
Discussion 22 3l
| o 23 -
In Sweden, all newly diagnosed diabetic children up to 24 b

15 years of age have been referred to pediatric clinics;
this at least 20-year-old tradition has repeatedly been
officially recommended by Swedish health care pro-
grams for diabetic patients [26, 27]. The possibility that a
child with onset of diabetes below the age of 15 years
could have been treated without any contact with a pe-
diatric clinic during the past decade, although it may
exist, must be regarded as exceptional in Sweden. Since

Fig.6. Standardized morbidity ratios for diabetes by counties. The
counties are labelled as in Table 1

all pediatric departments in Sweden take part in the
central registration of diabetic children, and as an addi-
tional 3-10% of missed cases obtained from the local
registers were included, we can assume to have reached
a level of certainty close to 100%.
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Table2. Age- and sex-specific incidence rates 1977-1983

Age (years) Girls Boys
Mean No of Mean yearly Mean No of Mean yearly
population cases incidence population cases incidence
per 100000 per 100000
0 46153 1 0.4 48559 16 5.5
1 47041 25 8.9 49336 41 13.9
2 47917 38 13.2 50268 49 16.2
3 49091 52 17.7 51489 71 23.0
4 50240 63 20.9 52712 78 247
5 51787 67 216 54387 69 211
6 53183 82 257 55838 83 24.8
7 54018 88 27.2 56611 85 25.0
8 54218 99 30.4 56922 83 243
9 54437 80 24.5 57120 70 20.4
10 55280 99 29.8 58110 107 30.7
11 56098 114 33.9 59036 111 31.3
12 56874 117 343 59856 99 27.6
13 57994 84 2441 61059 135 36.8
14 58465 59 16.8 61582 135 36.5
0-14 792796 1068 22.5 832885 1232 247
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Fig.7. Age-specific incidence of diabetes by sex. O——0O girls, L L
A~ A boys JFMAMJJASOND

Kig.9. Seasonal variations of 2300 new cases of diabetes by age
group. @ - ® 0-4 years, O O 5-9 years, A-—--- A 10-14 years

150
w0
% 10| § Table 3. Distribution of mothers and fathers with Type 1 diabetes.
; ‘\\ Figures within brackets denote number of diabetic patients
g o0 Relatives
E 120 Probands Mothers Fathers Total
2
1o Girls (1068) 24 58 82
Boys (1232) 32 73 103
100
Total (2300) 56 131 187
90/
This high level of certainty may account for part of
80, the observed high incidence of childhood diabetes in
70 Sweden. However, Norway [3] and Denmark [4] report-
ed studies with levels of certainty well above 90%. The
60 great differences between Sweden and these countries,
ST FmAMIIASOND by comparison, must depend on other factors. In geneti-
Month cally similar Caucasian populations like the Scandina-
Fig.8. Seasonal variation at onset of diabetes for 2300 diabetic chil- vians [28], environmental factors such as climate or so-

O gitls, A--—-A boys cioeconomic conditions, diet, etc. must be considered.

dren by sex. O
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The high incidence of childhood diabetes in Sweden
becomes even more distressing because it tends to rise,
according to the present study. An increased incidence
of Type 1 diabetes has been indicated in some countries
[2, 3, 6, 11, 19-25] but not in others [4, 10, 12, 13, 17].
This discrepancy could partly be due to lack of preci-
sion in the different retrospective methods used. Such
lack of precision is small in the present study, as we
have prospectively followed incidence rates using the
same routines and regular yearly check ups. Also, when
comparing the incidence rates in the present study with
a smaller Swedish study covering the years 1970-1975
[18] the increase seems to be verified.

In a recent publication, Borch-Johnsen et al. [29]
suggested an inverse relationship between breast-feed-
ing and occurrence of childhood diabetes. If this is true,
a decreased incidence of diabetes would soon be ex-
pected, since breast-feeding has increased significantly
in Sweden during the last decade [30]. The mechanism
behind this association was suggested to be immunolog-
ical, i.e. the artificially fed infants would not be pro-
vided with the same amount of secretory IgA, cytotoxic
T lymphocytes and B lymphocytes. Other adverse ef-
fects from the use of artificial formulas, . g. differences
in protein content and aminoacid composition must,
however, also be considered. In a socioeconomically
highly developed society such as Sweden, other nutri-
onal factors to which growing children may be exposed
may also play a role. A possible increase in the rate of
specific virus infections may also have taken place.

Within Sweden, the significantly higher incidence
rates in at least two geographically close counties and
the significantly lower rates in two others are at present
difficult to explain. In future studies of these geographi-
cal areas, possible differences in socioeconomic and
other demographic pattern should be analysed.

The seasonal variation showing the highest inci-
dence rates during winter and autumn, and the low inci-
dence during summer, is in agreement with numerous
previous reports [1, 2, 4, 5, 18, 30-35]. An association
with scasonal variations in viral disease was earlier sug-
gested as an explanation [36]. However, other factors
such as seasonal differences in social and thermal stress
and different eating habits, as well as possible delay in
seeking care during summer vacations, must also be
considered. In an attempt to analyse the seasonal inci-
dence pattern in relation to sex, type of onset, age at on-
set and family history, Gleason et al. [37] found an exag-
gerated seasonality in a subgroup of children aged
0-14 years with an acute onset of the disease and with-
out family history of diabetes, whereas no similarity was
found between the diabetes incidence pattern and the
pattern of viral and bacterial infections. In our study, we
found no significant difference in seasonality in diabet-
ic patients with or without a first degree relative with
Type 1 diabetes. Several studies [2, 6, 11, 34] indicate a
less pronounced seasonality in the youngest children
compared to older age groups. Such a pattern was also
found in our first three-year study [1]. However, analys-
ing the larger 6-year material we also find a trend to sea-
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sonality in the youngest age group. Lack of seasonality
may therefore be due to the relatively small number of
patients in the 0-4 year age group. The repeated find-
ings [38, 39] of seasonal variations in fasting plasma glu-
cose in normal man showing a circular annual rhythm
with the lowest levels in summer and a significant in-
verse correlation to temperature, is interesting for the
interpretation of both the seasonality of diabetes and
the high incidence rates found in Sweden and Finland.

The relative risk of developing diabetes in child-
hood is significantly higher for boys than for girls, as
shown both in the present study and in several others
[1-5, 34, 35]. This is especially evident in the youngest
age groups; in the prepubertal years, when incidence
peaks are found for the boys and girls, the difference is
not evident presumably because of the earlier sexual
maturation in girls. The higher risk for boys could either
be an expression of a higher frequency of genctic risk
factors in boys, or of a higher susceptibility to infections
[40, 41], as suggested by Gleason et al. [37]. Further-
more, exposure to other environmental agents might al-
so be different in boys. If the seasonality pattern is de-
pendent upon an infectious disease pattern, one would
expect a more pronounced seasonality for boys than for
girls, as actually indicated in the present study [Fig.§]
and in others [42].

In agreement with previous reports [1, 5], a high inci-
dence of Type 1 diabetes was found in first degree rela-
tives of the diabetic children. For obvious reasons a
high percentage of first degree relatives with Type 1 dia-
betes were parents. We, as well as others, have also
found a higher proportion of diabetic fathers compared
to mothers (approximately 2:1) [1, 19, 43, 44]. This find-
ing might simply be dependent on fewer pregnancies in
diabetic mothers. However, Warram et al. [44], who
studied the incidence of diabetes in offspring of diabet-
ic patients, found a higher frequency of diabetes in the
offspring of diabetic men compared to that of diabetic
women. A selective perinatal loss of affected offspring
of the diabetic mothers is one possibility. The preferen-
tial zygotic assortment of paternal HLA haplotype to
children as shown by Cudworth et al. [45] might offer
another explanation.

Epidemiological studies such as the present one in-
dicate that, in addition to genetically determined factors
such as HLA-antigens, sex and growth pattern, other
factors such as climate, socioeconomic, nutritional
and/or psychological stress factors may also play an
aetiological role by possibly interfering with the immu-
nological response to certain viral infections. The high
and increasing incidence of Type 1 diabetes in Sweden
calls for case-control studies aimed at disclosing such
environmental risk factors.
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