
Abstract

Aims/hypothesis. Type 2 diabetes is associated with a
small body size at birth and a high BMI in adult life.
The aim of our study was to assess the associations
between Type 2 diabetes and birth size, infant growth
and age at adiposity rebound.
Methods. We carried out a longitudinal study of 8760
subjects born in Helsinki during 1934 to 1944. On 
average, they had 18 measurements of height and
weight between birth and 12 years of age. In western
countries BMI usually decreases after the age of 
2 years and rises again at around 6 years – the so-
called adiposity rebound. We defined age at adiposity
rebound by the age of lowest BMI between one and
12 years. We identified people with Type 2 diabetes
using a national register.

Results. A total of 290 individuals developed Type 2
diabetes in adult life. The cumulative incidence of
Type 2 diabetes decreased progressively from 8.6% in
persons whose adiposity rebound occurred before the
age of 5 years to 1.8% in those in whom it occurred
after 7 years (p<0.001). Early adiposity rebound was
preceded by low weight gain between birth and 1 year
(p<0.001).
Conclusion/interpretation. Large differences in the 
incidence of Type 2 diabetes are associated with
growth rates in utero, weight gain in infancy and 
age at adiposity rebound. [Diabetologia (2003)
46:190–194]
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BMI decreases to a minimum around 6 years of age
before increasing again, i.e.the so-called adiposity re-
bound [6]. We report associations between Type 2 dia-
betes and birth size, infant growth and age at adiposity
rebound in a cohort of 8760 men and women, who
were born in Helsinki, Finland and whose heights and
weights were recorded serially from birth to the age of
12 years. People who developed Type 2 diabetes were
identified through a national register of people receiv-
ing medication for the disease.

Methods

We studied a sample of 8760 men and women who were born
at Helsinki University Central Hospital during 1934 and 1944,
who attended child welfare clinics in the city of Helsinki and
who were still resident in Finland in 1971. The majority (77%)
also went to school in Helsinki. Details of the birth, child wel-

Low birth weight is associated with increased rates of
Type 2 diabetes in later life [1, 2, 3, 4]. This is thought
to reflect persistence of the changes in glucose and in-
sulin metabolism which accompany slow growth in
utero [5]. Because Type 2 diabetes is strongly associ-
ated with obesity in adult life, its association with the
tempo of weight gain at different stages in childhood
needs to be investigated. After the age of 2 years the
degree of obesity of young children as measured by
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fare clinic and school health records have been described [7, 8,
9]. On average each person had 18 measurements of height and
weight between birth and 12 years of age.

We identified 10,519 persons who had birth and child 
welfare records. Of those 8760 (83%) were alive and living in
Finland in 1971 when a unique personal identification number
was assigned to all Finnish citizens. We were able to link these
records to a national register of all persons receiving medication
for Type 2 diabetes. Anti-diabetic drugs are free in Finland, sub-
ject to the approval of a physician who reviews each case histo-
ry, and confirms the diagnosis of diabetes. The unique personal
identifier was assigned between 1964 and 1970 to all citizens re-
ceiving reimbursement for diabetes medication. In this way we
identified 290 persons in the cohort who received diabetic medi-
cation at any time between 1964 and 1998 and whose diabetes
was diagnosed when they were older than 40 years. The register
does not distinguish between patients with Type 1 and Type 2
diabetes. We have previously compared the national medication
database with the national hospital discharge register and have
shown that around 90 percent of those diagnosed after the age of
40 years and receiving medication have Type 2 diabetes [4]. We
therefore use the incidence of diabetes diagnosed after 40 years
as an indicator of Type 2 diabetes. The subjects whose diabetes
was diagnosed before 40 years of age (n=58) were excluded
from the study. The Ethics Committee of the National Public
Health Institute, Helsinki, approved the study.

Statistical analyses. Tests for trend were based on multivariate
logistic regression by using continuous variables, which in-
cluded year of birth to adjust for the effects of age. The occur-
rence of Type 2 diabetes was the dependent variable. For each
individual, the measurements of height, weight and body mass,
which in general were not ascertained in regular time intervals,
were converted to Z-scores [10]. These Z-scores were calculat-
ed in such a way that each original measurement of height,
weight, and BMI was transformed by using the respective
mean and standard deviation derived from that one-year age
stratum of the cohort which the time point of the measure-
ments falls in. Then, for each individual we interpolated be-
tween successive Z-scores with a piecewise linear function to
estimate Z-scores at all birthdays from 1 to 12 years. Follow-
ing back-transformations provide estimations of the height/
weight/BMI at all these birthdays for each individual. We 
calculated the age at adiposity rebound, defined as the age 
in years between 1 and 12 years at which the lowest BMI 
occurred. We restricted this analysis to the 6060 subjects
whose BMI was measured at each age from 1 to 12 years.

Results

A total of 290 subjects (190 men and 100 women)
were receiving medication for Type 2 diabetes. The
cumulative incidence was 3.3% (4.1% among men
and 2.4% among women).

Average birth weight was 3457 g in men and
3326 g in women; birth length was 50.6 cm and
49.9 cm, respectively. The cumulative incidence of
Type 2 diabetes was inversely related to birthweight
(Table 1). It was also inversely related to ponderal in-
dex (birthweight/length3, p for trend=0.03 in men and
women combined). It was not related to length at birth
or to the duration of gestation. It was inversely related
to weight at one year (p=0.05) but not to height or
BMI.

The cumulative incidence of Type 2 diabetes was
positively related to BMI at each age from 4 years on-
wards. Table 1 gives the findings at age 12 years, the
oldest age for which there are data. These findings are
based on 6060 children because not all children were
measured within 2 years of the age of 12. Figure 1
shows the growth of the children who later developed
Type 2 diabetes. Their mean weights, heights and
BMI are expressed as standard deviation differences
(Z-scores) from the average values for the whole co-
hort, which are set at zero. A child maintaining a
steady position as large or small in relation to other
children would follow a horizontal path on Fig. 1.
Children who later developed Type 2 diabetes, how-
ever, had small body size at birth and at 1 year, after
which their weights and BMI rose progressively to ex-
ceed the average. Their heights rose more slowly and
reached the average.

The average age at adiposity rebound was 5.8 years
(SD 1.0), similar in boys and girls. Figure 2 shows the
changes in BMI between birth and 12 years according
to the age at adiposity rebound. As expected children
who had an adiposity rebound at the earliest ages, up
to 4 years, had the highest BMI in later childhood.
They had, however, the lowest BMI up to the age of 

Table 1. Cumulative incidence percentage of Type 2 diabetes according to birth weight and BMI at 12 years of age

Male Female All Number of men Number of women

Birthweight (kg)
−3 5.1 3.4 4.1 751 953
−3.5 4.6 2.4 3.5 1758 1768
−4 3.4 1.9 2.8 1545 1139
>4 3.7 1.6 3.0 534 254
p for trend 0.11 0.02 0.009

BMI at 12 years (kg/m2)
−16 2.9 1.4 2.2 720 628
−17 2.5 2.4 2.5 871 589
−18 3.9 2.4 3.3 802 543
>18 8.1 3.6 5.6 842 1065
p for trend <0.001 <0.001 <0.001
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2 years. Table 2 shows the relation between early 
adiposity rebound and a high mean BMI at the age of
12 years. It also shows that, in both men and women,
early adiposity rebound is associated with an in-
creased risk of developing Type 2 diabetes in adult
life. Among men and women combined the incidence
of Type 2 diabetes decreased from 8.6 per cent in
those in whom the adiposity rebound occurred before
the age of 5 years to 1.8 per cent in those in whom it
occurred after the age of 7 years.

Table 3 shows the relation between early adiposity
rebound and weight and BMI during infancy (birth to

1 year). In contrast to its associations with later high
BMI, early adiposity rebound is preceded by low pon-
deral index at birth (p<0.001), low BMI at 1 year of
age, low weight at 1 year and low rates of weight gain
during infancy (Table 3).

Discussion

We have examined the growth of 290 children who 
later developed Type 2 diabetes, and compared it with
other children in a cohort of 8760 people whose body

Fig. 1. Mean Z-scores for height, weight and BMI during child-
hood in 290 people who later developed Type 2 diabetes within
a cohort of 8760 men and women. At any age, the mean Z-score
for the cohort is set at 0 while the standard deviation is set at 1

Fig. 2. Mean BMI in 6060 children according to the age of 
adiposity rebound

Table 2. BMI at 12 years of age and cumulative incidence of Type 2 diabetes according to age at adiposity rebound

Age at adiposity rebound Mean BMI at age 12 (kg/m2) Cumulative incidence of diabetes % (n)
(years)

Men Women All Men Women All

≤4 18.9 21.1 20.1 8.1 (86) 8.9 (112) 8.6 (198)
5 17.7 18.2 17.9 6.2 (904) 2.5 (864) 4.4 (1768)
6 17.1 17.4 17.2 3.7 (1861) 2.5 (1456) 3.2 (3317)
7 17.0 17.2 17.1 2.4 (249) 2.1 (243) 2.2 (492)

≥8 16.9 17.0 16.9 3.0 (135) 0.7 (150) 1.8 (285)
p for trend <0.001 <0.001 <0.001 <0.001 0.002 <0.001

Figures in parentheses are numbers of subjects

Table 3. Age at adiposity rebound in relation to BMI and weight at 1 year of age, and change in weight from birth to 1 year

Age at adiposity rebound BMI at one year Weight at age one year Change in Z-score for weight 
(years) (kg/m2) (kg) from birth to one year

≤4 16.9 9.7 −0.20
5 16.9 9.6 −0.27
6 17.7 10.3 +0.06
7 18.2 10.4 +0.16

≥8 18.4 10.5 +0.25
p for trend <0.001 <0.001 <0.001
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size was measured on average 18 times (range 0–64)
between birth and 12 years. Children who later devel-
oped Type 2 diabetes had low birthweight and were
thin at birth, had low weight at 1 year, an early adipos-
ity rebound and thereafter had above average weight
and BMI. The age at adiposity rebound was strongly
related to body size at 1 year. Children who had low
weight gain between birth and 1 year and who were
thin at 1 year of age rebounded at an earlier age.

83% of the children identified through birth and
clinic records were still alive and resident in Finland
in 1971. Using a national register of people receiving
diabetes medication we recorded a cumulative inci-
dence of Type 2 diabetes of 3.3%, with a higher inci-
dence in men than women. Due to the register-charac-
ter of our study it was restricted to subjects receiving
medication for Type 2 diabetes, therefore diet-treated
diabetic subjects are not included. We do not know the
adult BMI of our subjects, but BMI in adolescence is
known to be strongly associated with adult BMI [11].
Our study was restricted to men and women who were
born in Helsinki University Central Hospital. This
would introduce a bias only if the association between
early growth and Type 2 diabetes differed between
those born in the hospital and those born outside it.
Our study was further restricted to men and women
who had attended child welfare clinics, which were
voluntary. The subjects could therefore be unrepresen-
tative of all persons living in Helsinki. In particular,
attendance at child welfare clinics could have been re-
lated to socio-economic circumstances. Poorer fami-
lies may have made more use of the clinics because
their children were less healthy, or better educated
mothers may have been more willing to take advice
on child-rearing. At the time of the men and women’s
birth, 66% of their fathers were labourers. We know
that at this time in Helsinki about 60% of the men
were labourers, and the social class distribution of our
sample could therefore approximate to that of the city
as a whole [9].

An association between Type 2 diabetes and low
birthweight has been shown [1, 2, 3, 4, 12]. The asso-
ciation with low weight at 1 year is consistent with
findings in Hertfordshire, UK, where low weight at
1 year was associated with the development of im-
paired glucose tolerance and Type 2 diabetes [1]. Pre-
vious studies have not related age at adiposity rebound
to the later incidence of Type 2 diabetes. Early age at
adiposity rebound has, however, been related to an in-
creased incidence of obesity in childhood and adult
life [13, 14]. While an early adiposity rebound is asso-
ciated with the development of both obesity and Type
2 diabetes, the paths of growth that lead to these two
disorders differ. People who become obese tend to
have a high birthweight and a high ponderal index at
birth, whereas people who develop Type 2 diabetes
tend to have low birthweight and to be thin at birth
[15].

The processes that link low weight gain in infancy
and thinness at 1 year with an early adiposity rebound
are not known. The association has been described in
one study [13]. Another study suggests that it reflect-
ed a post-weaning, infant diet that is low in fat but
high in protein, followed by a childhood diet that is
high in fat [16]. One possible explanation for the asso-
ciation between small body size at birth, early adiposi-
ty rebound and later Type 2 diabetes is that there are
persisting alterations in body composition [4]. Babies
that are small and thin at birth lack muscle, a deficien-
cy which will persist as the critical period for muscle
growth occurs in utero and there is little cell replica-
tion after birth [17]. If they develop a high body mass
during childhood they can have a disproportionately
high fat mass in relation to lean body mass, which will
lead to insulin resistance [12, 18, 19].

In conclusion, we have shown that Type 2 diabetes
is associated with small body size at birth, followed
by an early adiposity rebound. These two influences
determine large differences in the risk of the disease.
Children who have an early adiposity rebound tend to
have had low weight gain during infancy.
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