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Abstract Aims/hypothesis: We investigated the associa-
tion between type 1 diabetes and birthweight by age at
disease onset. Methods: This population-based case-ref-
erent study used data from two nationwide case registers
that are linked to the Swedish Medical Birth Registry and
cover incident cases of type 1 diabetes in the 0- to 14-year
(since 1 July 1977) and 15- to 34-year age groups (since 1
January 1983). Of the cases linked to the Medical Birth
Registry, a total of 9,283 cases with onset before 15 years
of age was recorded before 1 January 2003, and 1,610
cases were recorded with onset before 30 years of age and
born after 1973 (together 95% of eligible cases). Multiple
births and babies of diabetic mothers were excluded. Sex-
specific birthweight by gestational week is expressed as
multiples of the standard deviation (SDS) and adjusted for
year of birth, maternal age and parity. Results: Cases
with onset before 10 years of age (n=5,792) showed a sig-
nificant linear trend in odds ratio (OR) by SDS of adjusted
birthweight (OR by SDS: 0.062; 95% CI: 0.037–0.086;
p<0.0001), while cases with onset at the age of 10–29 years
showed no significant trend (OR by SDS: 0.004; 95% CI:
−0.007 to 0.0014; p=0.22). Conclusions/interpretation: The
association between type 1 diabetes risk and birthweight
seems to be limited to cases with disease onset in younger
years.

Keywords Birthweight . Children . Intrauterine . Risk
factors . Type 1 diabetes

Abbreviations DISS: Diabetes in Sweden Study . OR:
odds ratio . SCDS: The Swedish Childhood Diabetes
Study . SDS: standard deviation score (denotes the relative
position of the individual child relative to the mean
birthweight by age and sex expressed as number of
standard deviations)

Introduction

Using population-based prospectively recorded data, we
have reported that higher birthweight [1] and more rapid
postnatal child growth [2] are risk factors for type 1 dia-
betes occurring before the age of 15 years. Childhood-onset
cases of type 1 diabetes have been rapidly increasing as
reported by many countries in Europe [3]. Such a time trend
might be due partly to more rapid growth during intrauter-
ine and postnatal periods, as observed in many European
countries over the past decades [4, 5]. The increase in
overall growth of children as reflected by increments in
height and weight would accelerate an already ongoing au-
toimmune destruction of beta cells by increasing the need
for insulin [6]. Interestingly it has been shown that the in-
cidence of type 1 diabetes is not increasing, but rather de-
creasing among young adults in Sweden [7]. Therefore the
changing incidence over time would reflect an earlier onset
rather than a total increase in occurrence of the disease at
least up to the age of 35 years.

Using two large population-based prospective diabetes
incidence registers and the Swedish Medical Birth Reg-
ister, we analysed whether the risk for type 1 diabetes is
affected by birthweight (adjusted for gestational age) in
groups with varying ages of onset of disease.

Subjects and methods

Subjects and study protocol The study was approved by
the research ethics committee at Umeå University and
carried out according to the Declaration of Helsinki as
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revised in 2000. Parents and/or diabetic patients consented
to be recorded in the registers.

In Sweden all children who are diagnosed with diabetes
before the age of 15 years are referred to paediatric de-
partments. Since 1 July 1977 all incident cases of type 1
diabetes are reported to the Swedish Childhood Diabetes
Study (SDCS). The completeness of the register varied be-
tween 96 and 99%. By 1 January 2003, 9,755 cases (52% of
them males) born in 1973 or later were recorded in this
register. Since 1 January 1983, all departments of internal
medicine, paediatrics, endocrinology and over 700 primary
health care units in Sweden have reported all newly diag-
nosed cases of diabetes mellitus in the age group 15–34
years to the Diabetes Incidence Study in Sweden (DISS).
The reporting doctors classify cases according to clinical
criteria as recommended by theWorld Health Organization.
By 1 January 2003, a total of 1,710 cases with type 1 dia-
betes (63% of them males) born in 1973 or later were
recorded in the DISS. The completeness of the register
varied between 86 and 97% (mean 91%) [7]. Only cases
classified as type 1 diabetes were included in the present
analyses.

The Swedish Medical Birth Registry started in 1973 and
contains data on pregnancy, delivery and neonatal period
for nearly all infants born in Sweden [5]. Data were ob-
tained from a summary sheet (1973–1982), and since 1983
from copies of the medical documentation from the an-
tenatal care clinics, delivery units and paediatric exami-
nation of the newborns.

The three registers were linked using the unique personal
identification number given to everyone living in Sweden.
Linkage was obtained for a total of 10,893 individuals (95%
of eligible type 1 diabetic cases): 9,283 from the SCDS and
1,610 from the DISS. Linkage thus failed for 572 indi-
viduals, either because the child was born outside Sweden,
or there was an error in the identification number used for
linkage, or data were missing from the Medical Birth Reg-
ister (1–2% of all newborns). All other individuals in the
Medical Birth Register were used for comparison adjusting
for year of birth, parity, and maternal age. Multiple births,
newborns of women diagnosed with diabetes before the
pregnancy and individuals who died before 30 years of age
were excluded.

We used the following variables from the birth register:
sex, birthweight, gestational length, maternal age, parity,
maternal delivery and age of diagnosis of diabetes. Birth-
weights were converted into standard deviation scores
(SDS) for sex and gestational age in weeks according to a
Swedish standard, based on data from the Medical Birth
Register [8]. The score shows the relative position of the
individual child in relation to the mean birthweight of
newborns of similar sex and gestation, expressed as num-
ber of standard deviations. We divided the material into
eight SDS classes, from −3 or lower to +3 or higher. In-
formation on sex, birthweight or gestational duration was
missing in 3.5% of individuals. A total of 10,501 individ-
uals with diabetes (92% of those eligible) and 2,888,644
(51.5% males) from the non-diabetic population were
analysed.

Statistical analyses We used Mantel–Haenszel’s technique
to estimate the odds ratio (OR) for developing diabetes in
a certain weight SDS class, adjusting for year of birth,
maternal age (5-year classes), and parity (1–3/4+). We
determined 95% CIs using Miettinen’s test-based method.
Each SDS class was compared with all other SDS classes
to avoid the “normality” concept and potential bias with
extremes as reference.

In order to estimate linear trends in the odds ratios along
the SDS scale, weighted linear regression analyses of the
log (OR) were carried out. The statistical significance of
the deviation of the angle coefficient of the regression line
from zero was evaluated with a z-test, based on the stan-
dard error of the angle coefficients. A p-value <0.05 was
considered to be statistically significant.

Three age groups were chosen to reflect the age at which
diabetes was diagnosed: 0–9, 10–19 and 20–29 years.
Since the two former groups were much larger (n=5,792
and 3,872) than the 20- to 29-year group (n=837), the two
older age groups were pooled.

Results

Results for cases with onset before 10 years of age and
those with onset between 10 and 29 years are shown in

Table 1 Risk in terms of odds
ratios (OR) with 95% CI, ad-
justed for year of birth, maternal
age and parity for type 1 diabe-
tes diagnosed in the age groups
0–9 and 10–29 years by birth-
weight for gestational age SDS

Reference is all other SDS
classes. Only singletons were
used in the study and cases of
maternal diabetes were excluded

Interval of
SDS score

Age at diagnosis of diabetes (years)

0–9 10–29

Cases (n) OR 95% CI Cases (n) OR 95% CI

<(−3) 16 0.71 0.44–1.16 14 0.65 0.39–1.10
(−3) to (−2) 119 0.88 0.73–1.06 123 1.01 0.84–1.21
(−2) to (−1) 644 0.83 0.76–0.90 641 0.96 0.88–1.05
(−1) to 0 1,839 0.98 0.93–1.04 1,470 0.94 0.88–1.00
0–1 1,926 1.06 1.00–1.12 1,506 1.04 0.98–1.11
1–2 933 1.07 1.00–1.15 727 1.09 1.00–1.18
2–3 263 1.11 0.98–1.26 173 0.96 0.82–1.11
>3 52 0.94 0.69–1.27 55 1.13 0.82–1.55
Total/p for trend 5,792 <0.0001 4,709 0.22
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Table 1. Figure 1 shows a regression line illustrating the
trend for the risk of developing diabetes before the age of
10 years by birthweight SDS. The angle coefficient, de-
noting the increase in OR for each SDS was 0.062 (95%
CI: 0.037–0.086; p<0.0001). Similar analysis for the age
group 10+ years gave an angle coefficient of 0.004 (95%
CI: −0.007 to 0.014; p=0.22).

Discussion

In the present study we confirm previous results, reported
by our group and others [1, 9], that an increased birth-
weight is associated with an increased risk of diabetes
being diagnosed in childhood. A significant increase in
risk by increasing birthweight class was, however, not
observed after an age of onset of 10 years or more.

The strengths of the present study are that it is based on
prospectively recorded data, uses a large amount of infor-
mation and includes diabetic cases up to the age of 29
years at diagnosis. We restricted the analyses to singleton
births and excluded children born to mothers with pre-
pregnancy diabetes. Adjustments were made for the year
of birth, maternal age and parity as recorded in the Med-
ical Birth Register. Routinely registered data may be incom-
plete, but are unlikely to be systematically biased, as they
are recorded long before the child develops diabetes.

A potential source of bias is the difficulty of correctly
classifying diabetes into types from the clinical impression
obtained at the time of diagnosis in the older age groups.
Some individuals with type 2 diabetes may have been
misclassified as type 1 diabetics. It is, however, more likely
that the true number of type 1 diabetes cases was under-
estimated, as it is difficult to distinguish cases with type 2
diabetes and latent autoimmune diabetes of adults on the
basis of their clinical characteristics. An underestimation of
type 1 diabetes would probably not affect our results, while
misclassification of type 2 diabetes cases might affect the

conclusions due to the association with low birthweight.
The proportion of cases with type 2 diabetes is, however,
very low in the age group 10–29 years in Sweden, and thus
any effect of potential bias should be negligible for the
interpretation of our results.

Social status might also be a confounder, since a low
birthweight is more prevalent among mothers with lower
social status. On the other hand, we have previously
shown [10] that in a Swedish setting, determinants of low
social status of the parents are associated with an increased
risk of childhood diabetes, thus leading to the reverse
effect.

Birthweight [5], as well as the prevalence of overweight
children [7], has gradually increased in Sweden over
recent decades. This trend seems to parallel the increasing
incidence of type 1 diabetes occurring in childhood, es-
pecially in the younger age-at-onset groups, but is not seen
in age groups older than 15 years at diagnosis [7]. One
explanation could be that the overload of the beta cells due
to increased insulin demand in the growing child may ac-
celerate the process of beta-cell destruction and lead to an
earlier clinical diagnosis of diabetes. The effect of birth-
weight alone may persist only for the first decade of life.

In conclusion, the importance of a high birthweight as a
risk factor for type 1 diabetes seems to be limited to young-
onset cases. The increase in incidence of type 1 diabetes
seen in Sweden in age groups younger than 10 years, but not
in young adults, might be partly explained by the increasing
birthweight.
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Fig. 1 Odds ratios for the development of diabetes among 0- to 9-
year-old children plotted against standard deviations in birthweight
for gestational duration; 95% CIs are represented by vertical lines.
The angle coefficient of fitted linear regression line (b) and its 95%
CI interval are indicated
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